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FOREWORD 


The Proceedings of the American Society for Testing and Materials are 
published annually and include all reports and papers offered to the So- 
ciety during the current year and accepted by the Administrative Com- 
mittee on Papers and Publications for the Proceedings, together with 
discussion. 

The table of contents and subject and author indexes cover all papers 
and reports published by the Society during the current year, which in 

- addition to those appearing in the Proceedings include those accepted 
for publication in Materials Research & Standards or in Special Tech- 
nical Publications. 

A list of the Special Technical Publications published by the Society 
in 1961 is given on page 1469 of this volume. This supplements the lists 

appearing in the Proceedings from 1948 to 1960 covering all special pub- 
lications published by the Society up to and including 1960. 


: Nothing contained in any publication of the American Society — 

by implication or otherwise, for manufacture, sale, or use in con- 

nection with any method, apparatus, or product covered by Letters 

Patent, nor as insuring anyone against liability for infringement 
of Letters Patent. 


for Testing and Materials is to be construed as granting any right, 


The Society is not responsible, as a body, for the statements 
and opinions advanced in this publication 
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This summary of the Sixty-fourth An- 
nual Meeting of the American Society 
for Testing Materials, held at the Chal- 
fonte-Haddon Hall Hotel, Atlantic City, 
N. J., June 25-30, 1961, is a record of 
the transactions of the meeting, includ- 
ing the actions taken on thé various 
recommendations submitted by the 
technical committees. In all, 41 techni- 
cal sessions were held. 

The registered attendance of the meet- 
ing is as follows: Members present or 
represented, 1865; committee members, 
1205; guests, 392; total, 3462; ladies, 430. 

The Proceedings are set forth session 
by session. There were 81 reports and 
118 formal papers presented. The record 
with respect to each has been briefed; 
the recommendations in the reports 
have been grouped so as to cover the 
acceptance of material for publication as 
tentative, such as new specifications, 
methods of test, revisions of tentatives, 
and proposed revisions of existing stand- 
ards, and, as a separate group, the ap- 
proval of matters that were referred to 
letter ballot of the Society, comprising 
the adoption of tentatives as standard, 
the adoption of revisions of standards, 
and the immediate adoption as standard 


SUMMARY OF PROCEEDINGS 
OF THE 
SIXTY-FOURTH ANNUAL MEETING 
Atiantic City, N. J., 25-30, 1961 


without prior publication as standard. 
Accordingly, wherever the action is re- 
ported ‘adopted as_ standard” or 
“adopted as standard, revisions in,” it is 
understood that this indicates approval 
of the Annual Meeting for reference to 
letter ballot of the Society.! The various 
recommendations so recorded are in- 
cluded in the Society letter ballot. The 
actions designated as “accepted as ten- 
tative” or “accepted as tentative, re- 
visions in” are self-evident as indicating 
acceptance by the Society at the Annual 
Meeting for publication as tentative. 
Designations that have since been as- 
signed to new tentatives are included as 
information. 

All papers, unless otherwise noted, are 
published in the Proceedings. 

While all the items on the program are 
recorded under the particular session in 
which they are presented, for conven- 
ience in locating actions with respect to 
any particular report, the accompanying 
list is presented of all reports together 
with the page reference where the actions 
thereon are recorded. 


1 The letter ballot on recommendations affect- 
ing standards, distributed to the Society mem- 
bership, will be canvassed on September 18, 1961. 
See Editor’s Note, p. 44. 
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Monpay, JUNE 26, 9:15 a.m. 
- _ ForMAL OPENING OF THE SIXTY-FOURTH ANNUAL MEETING, PRESIDENT A. ALLAN BATES 
] 
3 The session was formally opened by ensuing week. The meeting was then 
' President A. Allan Bates, who called turned over to the session chairman, H. 
; attention to the very complete program J. Grover, Battelle Memorial Inst. 
5 of events that were to follow during the 
) 
6 i SESSION ON FATIGUE a 
) Session CHAIRMAN: H. J. GROVER 
A Proposed New Relation for Cumulative Fa- A Study of the Accumulation of Fatigue Dam- 
) tigue Damage in Bending—S. S. Manson, A. age in Steel—W. H. Erickson and C. E. — 
D J. Nachtigall, and J. C. Freche, presented by Work, presented by Mr. Erickson. 
l Mr. Manson. Effect of Loading Sequence on Cumulative Fa- _ 
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4 SUMMARY OF PROCEEDINGS 
_ tigue Damage of 7075-T6 Aluminum Alloy— tration Factor and Fatigue Notch Factor De- 
Robert Spitzer and H. IT. Corten, presented duced from the Concept of Highly Stressed 
by Mr. Corten. Volume—Roberto Kuguel, presented by H. T. 
A Relation Between Theoretical Stress Concen- Corten. 
N 
(Continued in Tenth Session) r 
SECOND SESSION—SYMPOSIUM ON SOIL DYNAMICS? | 
Mownpay, JuNE 26, 9:30 a.m. 
SESSION CHAIRMAN: ROCKWELL SMITH 4 1 
= 
7 Testing Procedures for Model Footings and Cunny and R. C. Sloan, presented by Mr. 
Presentation of Tradex Data—J. A. Alai, pre- Sloan. 
sented by the author. Performance of Embedded Pressure Gages Under 
- On Biaxial Stress Field in Non-Cohesive Soils Static and Dynamic Loadings—A. J. Durelli 
Subjected to Vibratory Loads—R. K. Bern- and W. F. Riley, presented by Mr. Riley. 
hard, presented by the author. Bearing Capacities of Dynamically Loaded 
4 Stress-Deformation Relations for Soft Saturated Footings—S. Shenkman and K. E. McKee, I 
Silt Under Low Frequency Oscillating Direct presented by Mr. McKee. 
Shear Forces—F. J. Converse, presented by Facilities for Dynamic Testing of Soils—G. K. 
the author. Sinnamon and H. M. Newmark, presented by - 
Dynamic Loading Machine and Results of Pre- Mr. Sinnamon. 
liminary Small-Scale Footing Tests—R. W. The Damping Capacity of Some Granular Soils 
oa —G. F. Weissmann and R. R. Hart, presented 
2 Issued as ASTM STP No. 305. by Mr. Weissmann. 
APPLIED Statistics In ASTM Work 
Monpay, 26, 9:30 a.m. 
The following papers were presented at a session spon- Recommended Practice on Definitions of the 
sored by Subcommittee I on ASTM Problems of Committee Terms Precision and Accuracy as Applied to 
E 11 on Quality Control. Measurement of a Property of a Material— ( 
R. B. Murphy. (Since accepted for publica- 
4 Introduction by C. A. Bicking. . tion as Recommended Practice E 177 - 61 T). 
Recommended Procedure for Conducting an Question Period. 
Interlaboratory Study of a Test Method— 
Grant Wernimont. | f 
4 
TECHNICAL SESSION ON ELECTRON METALLOGRAPRY 
Monpay, JuNE 26, 9:30 a.m. 
‘ 
The following papers were presented at an informal Progress Report by Task Force D, Subcom- 
session sponsored by Subcommittee XI on Electron Met- mittee XI, on Round Robin Testing of an y 


allography of Metals of Committee E-4 on Metallog- Nb-Fe Diffusion Couple by Electron Probe P 
raphy. Analysis Methods—A. W. Danko. : 


X-Ray Diffraction in the Electron Probe Micro- 
analyzer—B. H. Heise. 

A Study of the Microstructures of Precipitation 
Hardening Stainless Steel—J. C. Wilkins and 
R. E. Pence. 

Nitride Morphology in 410 Stainless Steel—B. 
R. Banerjee, J. M. Capenos, and J. J. Hauser. 

Film Entitled Motion of Dislocations in Alumi- 
num Observed Directly Under the Electron 
Microscope—A. Berghezan, A. Fourdeux, and 
L. E. Pellier. 


An Electron Microscopic Investigation of the 


Tensile Deformation of an Age Hardened 
Nickel-Base Alloy—G. I. Madden, W. C. 
Bigelow, and D. L. Sponseller. 

Multiple Reflection Phenomena in Electron 
Diffraction—H. J. Beattie, Jr. 

Direct Transmission Electron Microscopy of 
Zirconium—A. P. Young, C. W. Melton, and 
C. M. Schwartz. 

Transmission Electron Metallography of the 
ASTM Eutectoid Steel—G. E. Pellissier. —_, 


THIRD SESSION—SYMPOSIUM ON MAJOR EFFECTS OF MINOR CONSTITUENTS ON 


Monpay, JUNE 26, 2:00 p.m. 


SESSION CHAIRMAN: 


Impurity Effects in High-Purity Metals—G. A. 
Moore and L. L. Wyman, presented by Mr. 
Wyman. 


3 Issued as ASTM STP No. 304. 


(Continued in Sixth Session) 


OF MATERIALS? 


The Effect of Impurities on the Properties of 
Ceramic Materials—I. B. Cutler, presented 
by the author. 

Major Effects from Minor Constituents—Role 
in Organic Material Structures—-J. F. Lontz, 
presented by the author. 


I. V. 


FOURTH SESSION—COMMITTEE REPORT SESSION 


Monpay, JUNE 


SESSION CHAIRMAN: 


Committee A-2 on Wrought Iron: 


Report presented in the absence of the chair- 
man by O. M. Tishlarich, secretary, and the 
following action taken: 


Adopted as Standard: 


Spec. for Electric-Fusion (Arc)-Welded Wrought 
Iron Plate Pipe (A 419 - 57 T). 


Committee A-9 on Ferro-Alloys: 


Report presented by S. W. Poole, chairman, 
and the following actions taken: 


Adopted as Standard: 


Spec. for Ferromanganese (A 99 - 57 T) 
Spec. for Ferromolybdenum (A 132 - 59 T) 


26, 4:30 p.m. 


M. A. PINNEY 


Committee B-1 on Wires for Electrical Con- 
ductors: 


Report presented in the absence of the chair- 
man by C. E. Topping, vice-chairman, and the 
following actions taken: 


Accepted as Tentative, Revisions in: 


Test for Electrical Conductivity by Use of Eddy 
Currents (B 342 - 60 T) 

Def. of Terms Relating to Uninsulated Metallic 
Electrical Conductors (B 354 - 60 T) 


Adopted as Standard, Revisions in: 


Test for Resistivity of Electrical Conductor 
Materials (B 193 — 60) 


t 
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Spec. for Rolled Aluminum Rods (EC Grade) 
for Electrical Purposes (B 233 - 60) 

Spec. for Standard Nominal Diameters and 
Cross-Sectional Areas of Awg Sizes of Solid 
Round Wires Used as Electrical Conductors 
(B 258 - 57) 

Spec. for Three-Quarter Hard Aluminum Wire 
for Electrical Purposes (B 262 - 56) 

_ Spec. for Half-Hard Aluminum Wire for Elec- 

trical Purposes (B 323 — 60) 


Committee B-3 on Corrosion of Non-Fer- 
rous Metals and Alloys: 


Report presented in the absence of the chair- 
man by W. H. Ailor, secretary, and the follow- 
ing actions taken: 


Accepted as Tentative: 


Method of Copper-Accelerated Acetic Acid - 
Salt Spray (Fog) Testing (Cass Test) (B 368 - 
61 T) 


Adopted as Standard: 


Method of Salt Spray (Fog) Testing (B 117 - 
57 T) 

Method of Acetic Acid - Salt Spray (Fog) Test- 
ing (B 287 - 57 T) 


Committee B-8 on Electrodeposited Metal- 
lic Coatings and Related Finishes: 


Report presented by C. H. Sample, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Specs. for Electrodeposited Coatings of Multi- 
Layer Nickel Plus Chromium on Steel (B 375 - 
61 T) 

Def. of Terms Relating to Electroplating 
(B 374-61 T) 


Accepted as Tentative, Revisions in: 


Spec. for Electrodeposited Coatings of Nickel 
and Chromium on Steel (A 166-58 T) 
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Adopted as Standard, Revisions in: 


Specs. for Electrodeposited Coatings of Nickel 
and Chromium on Zinc and Zinc-Base Alloys 
(B 142 - 59) 


Committee B-9 on Metal Powders and Metal 
Powder Products: 


Report presented by J. L. Bonanno, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Test for Density of Sintered Metal Friction Ma- 
terials (B 376 - 61 T) 

Test for Transverse Rupture Strength of Sin- 
tered Metal Friction Materials (B 378 - 61 T) 

Specs. for Steel Backed Metal Powder Bearing 
and Bushing Alloys (B 377 - 61 T) 


Accepted as Tentative, Revisions in: 
Spec. for Copper-Infiltrated Iron Sintered Metal 
Powder Structural Parts (B 303 — 58 T) 


Test for Compressibility of Metal Powders 
(B 331 - 58 T) 


Adopted as Standard: 


Test for Apparent Density of Refractory Metals 
and Compounds by the Scott Volumeter 
(B 329 - 58 T) 

Adopted as Standard, Revisions in: 

Specs. for Iron Copper Sintered Metal Powder 
Structural Parts (B 222 - 58) 

Def. of Terms Used in Powder Metallurgy 
(B 243 — 58) 

Spec. for Bronze Sintered Metal Powder Struc- 
tural Parts (B 255 — 60) 


Committee D-3 on Gaseous Fuels: 


Report presented in the absence of the chair- 
man by K. R. Knapp, secretary, and accepted 
as a report of progress. 


Committee E-17 on Skid Resistance: 


Report presented by E. A. Whitehurst, chair- 
man, and accepted as a report of progress. 


A brief statement of the purpose of 
the lecture was given by President Bates. 


FIFTH SESSION—MARBURG LECTURE! 
Monpay, June 26, 5:00 p.m. 


SESSION CHAIRMAN: PRESIDENT A. ALLAN BATES 


Bruce Chalmers, Gordon McKay Pro- 
fessor of Metallurgy, Harvard Univer- 
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sity, was then introduced by President 
Bates as the thirty-fifth Edgar Marburg 
Lecturer. Speaking on the subject “The 
_ Nucleation and Growth of Ice Crystals,” 
_ Mr. Chalmers discussed the theory of 
_ static nucleation. The process of crystal 
_ growth from the melt was examined in 
terms of the structure of the solid-liquid 
_ interface and thermal and chemical con- 
ditions. Some experiments on the effect 
of the temperature and the composition 
of aqueous solutions on the growth of 
ice crystals was described, and the differ- 


4 Issued as a separate publication. 
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ences between growth within a liquid 
and growth on the surface of a solid was 
accounted for. The subject of this lec- 
ture has direct implications on the freez- 
ing of water in soils, on the manufacture 
of semiconductors, on zone melting proc- 
esses, and a host of other applications in 
the electronics industry and in metal- 
lurgy. 

President Bates expressed apprecia- 
tion to Mr. Chalmers for his excellent 
lecture and presented to him on behalf 
of the Society the Edgar Marburg Lec- 
ture Certificate. 


This round table session was sponsored by the Panel 
on Structural Materials for Airframes and Missiles of the 
Joint Committee on Effect of Temperature on the Proper- 
ties of Metals. 


Moperator: J. Watson, Convair Astronautics. 


RounpD TABLE SESSION ON LOW-TEMPERATURE PROPERTIES OF NON-METALLIC MATERIALS 


Monnay, 26, 2:00 p.m. 


Speakers: J. Hertz, Convair Astronautics. 
B. L. Taft, Pratt and Whitney. 
R. L. Hauser, The Martin Co. 
R. E. Mowers, Rocketdyne. 


The Problem of Gas Purity in Plasma Research 
and Technology—S. J. Buchsbaum and G. A. 
Sawyer, presented by Mr. Buchsbaum. 

Effects of Small Amounts of Extraneous Mate- 


é Session CHAIRMAN: J. D. SULLIVAN 


7 SIXTH SESSION—SYMPOSIUM ON MAJOR EFFECTS OF MINOR CONSTITUENTS ON 
THE PROPERTIES OF MATERIALS? 


(Continued from the Third Session) 


Monpay, June 26, 8:00 p.m. 


rials on the Properties of Petroleum, Petro- 
leum Products, and Related Liquids—H. M. 
Smith, presented by the author. 


C. A. Hogentogler Award: 


The Sixth C. A. Hogentogler Award was 
made to C. B. Crawford, National Research 


SEVENTH SESSION—SESSION ON SOILS 
Monpay, 26, 8:00 p.m. 


SESSION CHAIRMAN: C. R. FOSTER 


Council of Canada, for his paper on “The In- 
fluence of Rate of Strain on Effective Stresses 
in Sensitive Clay,” published in Papers on Soils, 
1959 Meeting, ASTM STP 254. 
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Papers: 


Some Observations on the Measurement of Sen- 
sitivity of Clays—W. J. Eden and J. K. 
Kubota, presented by R. F. Leggett. 

The Influence of Strain on Shearing Resistance 
of Sensitive Clay—C. B. Crawford, presented 
by the author. 

A Nomographic Procedure for the Detection of 
Suspect Unconfined Compressive Strength 

_ Values in a Series of Soil-Additive Strength 

Determinations—H. T. David, D. T. David- 


SUMMARY OF PROCEEDINGS 


son, and C. A. O’Flaherty, presented by Mr. 
O’Flaherty.® 

Quantitative Determination of Soil Montmoril- 
lonite by X-ray Diffraction—G. R. Glenn and 
R. L. Handy, presented by Mr. Glenn. 

A Study of Artificial Soils—E. T. Selig and R. D. 
Rowe, presented by Mr. Selig. 

Standard Laboratory Control for Soil-Cement 
Mixtures—color film presented by Miles D. 
Catton. 


5 Published in Materials Research & Stand- 
ards, Vol. 1, No. 12, p. 947, Dec., 1961. 


The Indirect Tension Test for Concrete—N. B. 
Mitchell, Jr., presented by the author.® 
Correlation of Flexural and Compressive 
Strengths of Concrete and Mortars—K. E. 
Palmer and I. L. Lynn, presented by Mr. 
Lynn. 


® Published in Materials Research & Stand- 
ards, Vol. 1, No. 10, p. 780, Oct., 1961. 


EIGHTH SESSION—SESSION ON CONCRETE 
Monpay, June 26, 8:00 p.m. 


_ SESSION CuarrMan: R. H. Brink 


Strain Distribution in Compressively Loaded 
Concrete Specimens—J. R. Keeton, presented 
by the author. 

Methods for Determining Mechanical Reso- 
nance Frequencies and for Calculating Elastic 
Moduli from These Frequencies—S. Spinner 
and W. E. Tefft, presented by Mr. Tefit. 


(Continued in Eighteenth Session) 


Analysis of the Effects of Test Temperature on 
the Notch Strength of High-Strength Sheet 
Alloys—Volker Weiss and J. G. Sessler, pre- 
sented by Mr. Weiss. 

Welded Ferritic Steel Construction for Interme- 
diate Low-Temperature Service: Considera- 
tions Arising from Tension Tests on Welded 
and Notched Wide Plates—A. A. Wells, pre- 
sented by the author. 

Effect of U-Notch Depth on Impact Resistance 


7 Issued as ASTM STP No. 302. 


(Continued in Thirteenth and Twenty-second Sessions) 


NINTH SESSION—SYMPOSIUM ON EVALUATION OF METALLIC MATERIALS 
IN DESIGN FOR LOW-TEMPERATURE SERVICF? 


TUESDAY, JuNE 27, 9:00 a.m. 


_SEssion CHAIRMAN: F. B. FoLey 
Co-CHarrMAN: G. R. IRwIN 


Under Simple Beam Loading—D. C. Rey- 
mond, presented by the author. 

The Effect of Small Cracks on the Load-Carry- 
ing Ability of High-Strength Steel—G. K. 
Manning, presented by the author. 

Fracture of High-Strength Sheet Steel Speci- 
mens Containing Small Cracks—J. E. Sraw- 
ley and C. D. Beachem, presented by Mr. 
Srawley. 

Tensile and Impact Properties of Cast Stainless 
Steels at Cryogenic Temperatures—E. R. 


Hall (presented by title only) 
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Effect of Oleophobic Films on Fatigue Crack 
Propagation—W. L. Holshouser and H. P. 
Utech, presented by Mr. Holshouser. 

A Fatigue Test for Printed Wiring Boards and 
Through Connections—G. R. Gohn and A. 
Fox, presented by Mr. Fox.® 


8 Published in Materials Research & Stand- 
ards, Vol. 1, No. 9, p. 711, Sept., 1961. 
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TENTH SESSION—SESSION ON FATIGUE 
(Continued from the First Session) 
TUESDAY, JUNE 27, 9:30 a.m. 


SEssION CHAIRMAN: F. B. STULEN 


Fatigue Properties of Uncoated and Coated Un- 
alloyed Molybdenum at 1800 F, Room Tem- 
perature, and —40 F—A. A. Mittenbergs, D. 
N. Williams, and G. D. Haley, presented by 
Mr. Mittenbergs. 

High-Temperature Fatigue and Bending Strain 
Measurements in Controlled Environments— 
G. J. Danek, H. H. Smith, and M. R. Achter, | 
presented by Mr. Danek. 


+, 


ELEVENTH SESSION—SYMPOSIUM ON RADIATION EFFECTS 
IN REFRACTORY FUEL COMPOUNDS 


TuEsSDAY, JUNE 27, 9:30 a.m. 


SEssION CHAIRMAN: BrucE DUNNINGTON 


Some Consequences of Excess Oxygen in UO:— 
J. A. L. Robertson, presented by the author. 

Voids in Irradiated UO.—J. L. Bates, presented 
by the author. 

The Heat Rating Required to Produce Central 


* Issued as ASTM STP No. 306. : 


es 


Melting in Various UOz Fuels—A. S. Bain, — 
presented by the author. 
Fission Fragment Tracks in UO.—T. S. Noggle 
and J. O. Stiegler, presented by Mr. Noggle. 
Effects of Burnup on Certain Ceramic Fuel 
Materials—M. L. Bleiberg, W. Yeniscavich, 
and R. G. Gray, presented by Mr. Bleiberg. | 


(Continued in Fourteenth, Nineteenth, and Twenty-first Sessions) = 


TWELFTH SESSION—PRESIDENT’S LUNCHEON AND BUSINESS MEETING 


TuEsDAY, JuNE 27, 12:00 Noon 


SEsSION CHAIRMAN: PasT-PRESIDENT F. L. LAQuE 


There were 238 present at the lunch- 
eon session, including a number of ladies 
and visitors. 


Election of Officers: 


The results of the letter ballot on elec- 
tion of new officers were reported by D. I. 
Finch on behalf of the Teller’s Commit- 
tee consisting of Mr. Finch and Dr. G. 


D. Patterson, Jr. The results were as 
follows: 


For President, to serve for one year: _ 
Miles N. Clair, 2742 votes. a 

For Vice-President, to serve for two years: 
Alfred C. Webber, 2725 votes. 

For Directors, to serve for three years: 
Ardrey M. Bounds, 2685 votes. cf 
Albert G. H. Dietz, 2719 votes. 

Bruce W. Gonser, 2690 votes. To 
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Gordon M. Kline, 2685 votes. a= 
Wayne A. Kirklin, 2695 votes. 
James B. Rather, Jr., 2665 votes. 


The newly elected directors were intro- 
duced with the exception of Mr. Kirklin 
who was not present. President-elect 
Miles N. Clair and Vice-President-elect 
A. C. Webber were introduced in turn, 
and both responded briefly. 


Recognition of Retiring Directors and 
Past-President: 


President Bates presented certificates 
to those retiring from the Board of Direc- 
tors. Mention was made that this meet- 
ing brought to a close for Richard T. 
Kropf nine years on the Board of Direc- 
tors. Retiring directors present were W. 
L. Fink, H. M. Hancock and Richard T. 
Kropf. Unable to attend the luncheon 
were P. A. Archibald, L. A. O’Leary, and 
_R. D. Thompson. 


1 Award of Honorary Memberships: 


The Executive Secretary read citations 
_ for the five members elected to Honorary 


3 Report of the Board of Directors: 


T. A. Marshall, Jr., Executive Secre- 
tary, presented a résumé of the Annual 
Report of the Board of Directors. 


4 Amendments of the Charter: 


The Executive Secretary reported the 
adoption of the following resolutions by 
the Board of Directors at its meeting 
May 9, 1961: 


RESOLVED that the Board of Directors of the 
AMERICAN SOCIETY FOR TESTING MA- 
TERIALS hereby approves as proposed amend- 
ments of the Charter of the Society (a) by 
amendment of Section 1 and (b) addition of a 
new Section 9, such amendments to read as fol- 
lows: 
1. The name of the Corporation is the “AMER- 
ICAN SOCIETY FOR TESTING AND 
MATERIALS.” 


Membership by action of the Board of 
Directors on May 9, 1961. The President 
then presented certificates of Honorary 
Membership to Edward J. Albert, Simon 
Collier, Stanton Walker, and W. A. 
Zinzow. The fifth Honorary Member, 
Theodore Parker Dresser, Jr., was unable 
to be present. oa 


President A. Allan Bates, on behalf of 
the Board of Directors, presented a 
scroll “With sincere appreciation and in 
recognition of the distinguished service” 
to Robert J. Painter and conferred on 
him the title of “Executive Secretary 
Emeritus.” 


Special Award: az 


Presidential Address: 


The annual President’s address was 
presented by A. Allan Bates on the sub- 
ject, “An ASTM for the Future.” 


See p. 46. 


BUSINESS MEETING OF THE SOCIETY 


9. Notwithstanding any future construction of 
any of the foregoing provisions to the con- 
trary, the Corporation shall not engage in 
any activity which is not educational, tech- 
nical, scientific, or charitable within the 
meaning of Section 501(c)(3) of the Internal 
Revenue Code, 1954, or equivalent provisions 
of any amendment of such Code, or of a 
superseding Internal Revenue Code, or other 
Federal law of like import, and on dissolution 
of the Corporation its assets shall be dis- 
tributed to an organization or organizations 
organized and operated for similar educa- 
tional, technical, scientific, or charitable pur- 


poses. 

AND FURTHER RESOLVED that the Execu- 
tive Secretary is directed forthwith to notify all 
members of the Society of the proposed amend- 
ments of the Charter and the reasons therefor, 
that consideration of, and action on the pro- 
posed amendments by the membership will take 
place at a meeting of the members to be held at 
1:30 p.m., Tuesday, June 27, 1961, in the Caro- 
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lina Room, Chalfonte Hotel, North Carolina 
Avenue and the Boardwalk, Atlantic City, New 
Jersey; that in such notification provision be 
made for members who are unable to attend the 
meeting to permit them to cast their vote for or 
against the proposed amendments, with the 
same force and effect as if cast in person by such 
members at such meeting; and finally, that if 
the action of the membership be favorable to 
such amendments the President and Executive 
Secretary are authorized and directed to present 
to the appropriate Court pertinent Articles of 
Amendment of the Charter, and to take such 
further action as may be required by the laws 
of the Commonwealth of Pennsylvania to effec- 
tuate said amendments. 


He then reported the results of ballots 
received from members who were unable 
to attend the luncheon as follows: for 
adoption of the resolution to change the 
name of the Society, 3339; against adop- 
tion, 235; for adoption of the resolution 
to add Section 9, dissolution clause, to 
the Charter, 3506; against adoption, 16. 
After discussion from the floor, the 127 
members present voted 126 to 1 to 
approve the proposed amendment to 
change the name of the Society. Unani- 
mous approval was given to the proposal 
to add the dissolution clause to the 
Charter. The members voted also unani- 
mous approval of the resolution set forth 
below: 


RESOLVED that the AMERICAN SOCIETY 
FOR TESTING MATERIALS, in meeting as- 
sembled, after due and legal notice, in accord- 
ance with the laws of the Commonwealth of 
Pennsylvania, hereby approves the foregoing 
proposed amendments of the Charter of the 
Society by amendment of Section 1 and addition 
of a new Section 9, as set forth in the Resolutions 
adopted by the Board of Directors at its meeting 
held May 9, 1961, and the President and Execu- 
tive Secretary are authorized and directed to 
present to the appropriate Court pertinent Ar- 
ticles of Amendment of the Charter, and to take 
such further action as may be required by the 
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Passing the Gavel: 


Following the business meeting, Presi- 
dent Bates presented the gavel of the 


laws of the Commonwealth of Pennsylvania to 
effectuate said amendments. 


Amendments of the By-laws: 


The Executive Secretary reported the 
following proposed amendments of the 
Society’s By-laws: 


The Board of Directors at its meeting on 
January 17, 1961, received and approved for 
submission to the membership a petition signed 
by twelve members to amend the By-laws by 
amending Section 5 of Article VIII. Dues, by 
deletion of the words in parentheses: 

Sec. 5. Any person elected after six months of 

any fiscal year shall have expired, may pay 

only one-half of the amount of dues for that 
fiscal year; (but in that case he shall not be 
entitled to a copy of the Proceedings for the 
current year). 
The Board recommenced approval of this pro- 
posed amendment for submission to the member- 
ship by letter ballot due to revision in the system 
of distribution of the Proceedings. 

At its meeting on May 9, 1961, the Board 
received and approved for submission to the 
membership a petition to amend the By-laws by 
amending Article IV. Duties of Officers, by re- 
numbering Section 5 as Section 6 and inserting 
a new Section 5 to read as follows: 

Sec. 5. The Board of Directors may, in its 

discretion, appoint a member or members, or 

other person or persons, to represent it at 
meetings of societies of kindred aim or at 
public functions. Such delegates may be desig- 
nated as “Honorary Vice-President,” and 
their duties shall terminate with the occasion 
for which they are appointed. 

And by amending Article VIII. Dues, by add- 

ing a new Section 6 to read as follows: 

Sec. 6. At its discretion, the Board of Direc- 

tors may confer life membership upon any 

person who is an individual member. 
The Board recommended approval of these 
amendments for submission to the membership 
by letter ballot. 


Each amendment was voted upon sep- 
arately, and the members present ap- 
proved the submission of each amend- 
ment to letter ballot of the Society. 


* 


president to President-elect Clair who in 


turn bestowed the Past-President’s pin 
and certificate of service on President 
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7 4 THIRTEENTH SESSION—SYMPOSIUM ON EVALUATION OF METALLIC 
MATERIALS IN DESIGN FOR LOW-TEMPERATURE SERVICE’ 


Continued from the Ninth Session) 


TuEspAy, JUNE 27, 2:00 p.m. 


Session CHAIRMAN: B. FOLEY 
Co-CuarrMan: G. R. Irwin 
aA 


Steels of Improved Fracture Toughness—J. M. Some Factors Influencing the Fracture Tough- 


Hodge, presented by the author. ness of Sheet Alloys for Use in Lightweight 
Testing Techniques and Evaluation of Materials Cryogenic Tankage—G. B. Espey, M. H. 

for Use at Liquid Hydrogen Temperatures— Jones, and W. F. Brown, Jr., presented by 

R. Markovich and F. Schwartzberg, presented Mr. Brown. 

by the authors. Design of Cryogenic Storage for Industrial 
The Correlation of Notch: Unnotch Tensile Ra- Applications—H. W. Marsh, presented by the 

tios with Tensile Fatigue Properties of Com- author. 

plex Welded Joints in High-Strength 300  Brittle-Fracture Transition of Some Concrete 

Series Stainless Steels at Cryogenic Tempera- Reinforcing Steels—A. L. Tarr, presented by 


tures—J. F. Watson, J. L. Christian, T. T. the author. 
Tanalski, and A. Hurlich, presented by Mr. 
Watson, 


(Continued in Twenty-second Session) 


FOURTEENTH SESSION—SYMPOSIUM ON RADIATION EFFECTS IN REFRACTORY 
FUEL COMPOUNDS? 


(Continued from the Eleventh Session) 
TuEspDAY, JUNE 27, 2:30 p.m. 
SESSION CHAIRMAN: J. B. TRICE 
Study of the Factors Controlling the Release of The Continuous Release of Fission Gas from 
Xe!® from Bulk UO:—D. F. Toner and J. L. UO: During Irradiation—R. M. Carroll, pre- 
Scott, presented by Mr. Toner. sented by the author. 
In-Pile Release of Fission Products in UO.— 


J. B. Melehan and F. A. Rough, presented by 
Mr. Melehan. 


(Continued in Nineteenth and Twenty-first Sessions) 


FIFTEENTH SESSION—COMMITTEE REPORT SESSION 
TuEsDAY, JuNE 27, 4:30 p.m. 
SEssION CHAIRMAN: G. H. HARNDEN 
Committee A-7 on Malleable-Iron Cast- Accepted as Tentative, Revisions in: — — 


ings: Spec. for Pearlitic Malleable Iron Castings 


Report presented in the absence of the chair- (A 220 - 55 T) ate 
man by J. H. Lansing, secretary, and the follow- Adopted as Standard, Revisions in: 
ing actions taken: Spec. for Malleable Iron Castings (A 47 - 52) 
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Spec. for Malleable Iron Flanges, Pipe Fittings, 
and Valves and Parts for Railroad, Marine, 
and Other Heavy Duty Service (A 338 - 54) 


Committee B-4 on Metallic Materials for 
Thermostats and for Electrical Resist- 
ance, Heating and Contacts: 

Report presented in the absence of the chair- 
man by C. K. Strobel, secretary, and the follow- 
ing actions taken: 

Accepted for Publication as Information Only: 

Proposed Def. of Terms Relating to Electric 
Contacts and Their Use 

Adopted as Standard: 

Test for Surety of Make of Electrical Contact 
Materials (B 340 - 59 T) 

Test for Resistance Characteristics of Micro- 
contacts (B 326 - 58 T) 

Committee B-6 on Die-Cast Metals and 
Alloys: 

Report presented by W. Babington, chair- 
man, and accepted as a report of progress. 
Committee C-4 on Clay Pipe: 

Report presented by C. R. Velzy, chairman, 
and accepted as a report of progress. 
Committee C-24 on Joint Sealants: 


Report presented in the absence of the chair- 
man by J. R. Panek, secretary, and accepted as 
a report of progress. 


Committee D-24 on Carbon Black: 

Report presented by N. P. Bekema, chair- 
man, and the following actions taken: 
Accepted as Tentative: 


Method for Sampling Bulk Shipments of Car- 
bon Black (D 1900-61 T), with the deletion 
of sentences 2 and 3 of Section 2, and editorial 
changes in Sections 1 and 3. 


Accepted as Tentative, Revisions in: 


Spec. for Carbon Blacks Used in Rubber Prod- 
ucts (D 1765-60T) (Jointly with Commit- 
tee D-11) 
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Committee E-4 on Metallography: 


Report presented by L. L. Wyman, chair- 
man, and the following action taken: 


Adopted as Standard: 


Methods for Estimating the Average Grain Size 
of Metals (E 112 - 60 T) 


Committee E-11 on Quality Control of Ma- 
terials: 


Report presented by Simon Collier, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Rec. Practice for Use of the Terms Precision and 
Accuracy as Applied to Measurement of a 
Property of a Material (E 177 - 61 T) 

Rec. Practice for Dealing with Outlying Observa- 
tions (E 178 - 61 T) 


Adopted as Standard: 


Rec. Practice for the Acceptance of Evidence 
Based on the Results of Probability Sampling 
(E 141 - 59 T) 


Committee F-1 on Materials for Electron 
Tubes and Semiconductor Devices: 


Report presented in the absence of the chair- 
man by C. Guettel, secretary, and the following 
actions taken subject to a favorable letter ballot 
vote in Committee F-1 on the report: 


Accepted as Tentative: 


Rec. Practice for Making and Testing Refer- 
ence Glass-Metal Bead-Seal (F 14-61 T) 
Specs. for Iron-Nickel-Cobalt Sealing Alloy 

(F 15 - 61 T) 

Methods for Measuring Diameter or Thickness 
of Wire and Ribbon for Electronic Devices and 
Lamps (F 16-61 T) 

Accepted as Tentative, Revisions in: 


Spec. for Aluminum Oxide Powder (F 7 - 58 T) 

Spec. for Nickel Alloy Cathode Sleeves for Elec- 
tronic Devices (F 239 - 57 T) 

Methods of Testing Sleeves and Tubing for 
Radio Tube Cathodes (F 128 - 56 T) 

Rec. Practice for Cathode Melt Prove-In Test- 
ing (F 238 - 55 T) 


Tenth Gillett Memorial Lecture: 


President Bates opened the session by 
giving a brief statement of the purpose 


1 Tssued as a separate publication. 


SIXTEENTH SESSION—GILLETT MEMORIAL LECTURE" _ 
TUESDAY, JuNE 27, 5:00 
SESSION CHAIRMAN: PRESIDENT A. ALLAN BATES 


of the lecture. This lecture is sponsored 
jointly by the ASTM and the Battelle 
Memorial Institute to perpetuate the 
memory of Horace W. Gillett, one of 
America’s leading technologists, the first 
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Director of the Institute, and for many 
years a very active worker in the Society, 
through the presentation of a lecture on 
a subject pertaining to the development, 
testing, evaluation, and application of 
metals. 

President Bates called upon B. D. 
Thomas, President, Battelle Memorial 
Institute, who introduced Augustus B. 
Kinzel, Vice-President, Research, Union 
Carbide Corp. Mr. Kinzel presented the 
tenth H. W. Gillett Memorial Lecture on 
the subject “Specifications?!.” The title 
of the lecture refers to the why, how, and 
finality of specifications. It included a 
brief discussion of the nature, history, 
purpose, and use of specifications. Topics 
explored included: the structure and con- 
tent of specifications in relation to their 
objectives; the need for flexibility and 
judgment as a substitute for ignorance; 
and the relation of tests and testing to 


SUMMARY OF PROCEEDINGS 


specifications, together with the effect of 
the nature of the test on the nature of 
the specification. 

The possibilities of specifying in such 
a way as to make it easier to consider the 
use of materials beyond their elastic limit 
were set forth. The role of engineering 
experience in specifications and ap- 
proaches to the true technical worth of 
a material was examined. Finally, as 
part of the story of specifications and 
engineering, the need for engineering 
research and its place in today’s picture 
were stressed with the thought that 
specifications may be provided that do 
have real meaning and finality with re- 
spect to specific applications. 

President Bates expressed apprecia- 
tion to Mr. Kinzel for his outstanding 
lecture and presented to him on behalf of 
the Society the H. W. Gillett Memorial 
Lecture Certificate. 


‘SEVENTEENTH SESSION—SESSION ON HIGH TEMPERATURE 
TUESDAY, JUNE 27, 8:00 p.m. 
SESSION CHAIRMAN: J. J. KANTER 


Apparatus for Obtaining Mechanical Properties 
at High Temperatures—D. H. Fisher, R. L. 
Carlson, and F. C. Holden, presented by Mr. 


Fisher.” 


Elevated Temperature Dynamic Moduli of 
Metallic Materials—W. H. Hill, K. D. Shim- 
min, and B. A. Wilcox, presented by Mr. 


Shimmin. 


12 Published in Materials Research & Stand- 


ards, Vol. 2, No. 1, Jan., 1962. 


The Applications of Rabotnov’s Creep Param- 
eter—R. M. Goldhoff, presented by the au- 
thor. 

Determination of Compressive, Bearing, and 
Shear Creep of Sheet Metals—J. R. Kattus 
and H. L. Lessley, presented by Mr. Kattus. 

Creep of Structural Joints from Simple Tension 
Creep—Joseph Marin, presented by the au- 
thor. 


(Continued in Twenty-sixth Session) 


EIGHTEENTH SESSION—SESSION ON CONCRETE 
(Continued from the Eighth Session) 
TuEspay, JuNE 27, 8:00 p.m. 
SEssion CHAIRMAN: STANTON WALKER 


Glue! For Concrete Repair?—C. M. Wakeman, 
H. E. Stover, and E. N. Blye, presented by 


M. R. Smith.* 


13 Published in Materials Research & Stand- 


ards, Vol. 2, No. 2, Feb., 1962. 


Variation on Pozzolanic Behavior of Fly Ashes— 
R. D. Vincent, Manuel Mateos, and D. T. 


Davidson, presented by Mr. Mateos. 


Concrete Containing Fly Ash as a Replacement 
for Portland Blast-Furnace Slag Cement-—-W. 
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E. Grieb and D. O. Woolf, presented by Mr. 
Grieb. 
Testing Uniformity of Large Batches of Con- 
crete—D. L. Bloem, R. D. Gaynor, and J. R. 
Wilson, presented by Mr. Bloem. 
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Modern Concepts in Control of Concrete—J. J. 
Waddell, presented by the author." 


14Published in Materials Research & Stand- 
ards, Vol. 1, No. 6, p. 452, June 1961. 


Panel Discussion on Irradiation Test Methods: 


SESSION CHAIRMAN: M. J. WHITMAN 


Panel Members: J. A. Brinkman e's J. L. Bates 
D. S. Billington ; | E. A. Aitken 
J. A. L. Robertson M. L. Bleiberg 
4 7 (Continued in Twenty-first Session) 


NINETEENTH SESSION—SYMPOSIUM ON RADIATION EFFECTS IN 
REFRACTORY FUEL COMPOUNDS? 


(Continued from Eleventh and Fourteenth Sessions) 
TUESDAY, JUNE 27, 8:00 


Separations in Analysis—J. L. Hague, presented 
by the author. 
Recent Developments in  Electroanalytical 


15 Tssued as ASTM STP No. 308. 


-TWENTIETH SESSION—SYMPOSIUM ON EXTENSION OF SENSITIVITY 
FOR DETERMINING VARIOUS CONSTITUENTS IN METALS" 


WEDNESDAY, JuNE 28, 9:00 a.m. > 


SESSION CHAIRMAN: L. M. MELNICK 


(Continued in Twenty-fifth Session) 


Chemistry—Louis Meites, presented by the 
author. 

Radioactivation Analysis: A Sensitive and Spe- 
cific Method for Metals Analysis—G. W. 
Leddicotte, presented by the author. 


Sintering Characteristics in a Radiation En- 
vironment—E. A. Aitken, presented by the 
author. 

Mechanism of Irradiation Damage in Uranium 
Monocarbide—D. G. Freas, A. E. Austin, and 
F. A. Rough, presented by D. G. Freas. 


TWENTY-FIRST SESSION—SYMPOSIUM ON RADIATION EFFECTS IN 
REFRACTORY FUEL COMPOUNDS? 


(Continued from the Eleventh, Fourteenth and Nineteenth Sessions) 
WEDNESDAY, JUNE 28, 9:30 a.m. ~ .@ 


SEss1on CHAIRMAN: J. E. GaTEs 


Hydrolysis of Beryllia—C. C. Browne, pre- 
sented by the author. 

The Irradiation and Examination of a PuO:-UOz 
Fast Reactor Oxide Fuel—J. N. Siltanen, J. 
M. Gerhart, and J. S. Cochran, presented by 
Mr. Gerhart. 


t 
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Testing and Design Considerations in Brittle 
Fracture—Sumio Yukawa, presented by the 
author. 

___- Influence of Sheet Thickness on the Sharp Edge 
Notch Properties of a 8 Titanium Alloy at 
Room and Low Temperatures—A. J. Repko, 
M. H. Jones, and W. F. Brown, Jr., presented 
by title only. 

Panel Discussion: 


TWENTY-SECOND SESSION—SYMPOSIUM ON EVALUATION OF METALLIC 
MATERIALS IN DESIGN FOR LOW-TEMPERATURE SERVICE’ 


— 7 (Continued from the Ninth and Thirteenth Sessions) 
WEDNESDAY, JUNE 28, 9:00 a.m. — 


SEsSION CHAIRMAN: G. R. IRWIN 
Co-CHAIRMAN: F. B. FoLrey 


@ 


Panel Members: Authors 
G. R. Irwin, U. S. Naval 
y Research Laboratory. 
Robert Stout, Lehigh Uni- 
versity. 
-P. P. Puzak, U. S. Naval 
Research Laboratory. 
John Low, Jr., General Elec- 
tric Co. 


Committee C-8 on Refractories: 


Report presented in the absence of the chair- 
man by S. F. Etris, ASTM Staff, and the follow- 
ing actions taken: 


Accepted as Tentative: 


Classification of Mullite Refractories (C 467 - 
61 T) 

Classification of Refractory Granular Dolomite 
(C 468 - 61 T) 


Accepted as Tentative, Revisions in: 


Test for Modulus of Rupture of Castable Re- 
fractories (C 268 - 55 T) 
Test for Permanent Linear Change on Firing of 
Castable Refractories (C 269 - 57 T) 
Classification of Steel Pouring Pit Refractories 

(C 435 59 T) 

i Classification of Fireclay and High-Alumina Re- 
fractory Brick (C 27 - 60) 

Method for Basic Procedure in Panel Spalling 
Test for Refractory Brick (C 38 — 58) 

Def. of Terms Relating to Refractories (C 71 - 
55) (Revision of existing tentative revision 
and the addition of a new tentative revision) 

Method of Panel Spalling Test for High Duty 
Fireclay Brick (C 107 - 52) 

_ Method of Panel Spalling Test for Super Duty 

Fireclay Brick (C 122 52) 

Classification of Insulating Fire Brick (C 155- 

57) 


-TWENTY-THIRD SESSION—COMMITTEE REPORT SESSION 


WEDNESDAY, JUNE 28, 11:30 a.m. 


SESSION CHAIRMAN: VICE-PRESIDENT MILEs N. CLAIR 


Method of Panel Spalling Test for Fireclay 
Plastic Refractories (C 180-52) 

Spec. for Refractories for Incinerators (C 106 - 
51) (Revision of existing tentative revision) 
Specs. for Fireclay-Base Castable Refractories 
for Boiler Furnaces and Incinerators (C 213 - 

58) (Standard reverted to tentative) 


Adopted as Standard: 


Test for Reheat Change of Carbon Brick and 
Shapes (C 436 - 59 T) 

Test for Size and Bulk Density of Insulating 
Fire Brick (C 437 - 59 T) 

Test for Thermal Conductivity of Plastic Re- 
fractories (C 438 - 59 T) 

Test for Resistance to Thermal Spalling of Silica 
Brick (C 439 - 59 T) 

Spec. for Insulating Fire Brick for Linings of 
Industrial Furnaces Operated with a Neutral 
or Oxidizing Atmosphere (C 434 - 59 T) 


Adopted as Standard, Revisions in: 


Test for Reheat Change of Refractory Brick 
(C 113-46) 

Spec. for Refractories for Malleable Iron Fur- 
naces with Removable Bungs, and for Anneal- 
ing Ovens (C 63 - 51) 

Spec. for Refractories for Heavy Duty Sta- 
tionary Boiler Service (C 64-51) 

Spec. for Refractories for Moderate Duty Sta- 

tionary Boiler Service (C 153-51) 
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Test for Reheat Change of Insulating Fire Brick 
(C 210 - 46) 


Committee C-14 on Glass and Glass Prod- 
ucts: 


Report presented in the absence of the chair- 
man by S. F. Etris, ASTM Staff, and the follow- 
ing action taken: 


Adopted as Standard, Revisions in: 


Methods of Testing Structural Non-Load-Bear- 
ing Cellular Glass Blocks (C 240-56) 


Committee C-16 on Thermal Insulating 
Materials: 


Report presented in the absence of the chair- 
man by S. F. Etris, ASTM Staff, and the fol- 
lowing actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Mineral Fiber Felt Insulation (Indus- 
trial Type) for Elevated Temperatures 
(C 382 - 56 T) 

Def. of Terms Relating to Thermal Insulating 
Materials (C 168 - 56) 

Methods of Sampling and Mixing Thermal In- 
sulating Cement (C 163-44) (Standard re- 
verted to tentative) 


Adopted as Standard: 


Spec. for Expanded or Exfoliated Vermiculite 
Thermal Insulating Cement (C 196-59 T) 
Spec. for Diatomaceous Silica Thermal Insulat- 

ing Cement (C 197 - 59 T) 

Test for Mean Specific Heat of Thermal Insula- 
tion (C 351 - 59 T) 

Test for Hot Surface Performance of High-Tem- 
perature Thermal Insulation (C 411 - 58 T) 
Test for Weight Loss by Tumbling of Preformed 

Thermal Insulation (C 421 - 58 T) 

Test for Normal Total Emittance of Surfaces of 
Materials 0.01 in. or Less in Thickness at Ap- 
proximately Room Temperature (C 445- 
59 T) 


Adopted as Standard, Revisions in: 


Tests for Covering Capacity and Volume Change 
upon Drying of Thermal Insulating Cement 
(C 166 - 52) 

Standard Withdrawn: 


Test for Storage Density of Thermal Insulating 
Cement (C 164 - 52) 


Committee C-18 on Natural Building 
Stones: 


Report presented in the absence of the chair- 
man by S. F. Etris, ASTM Staff, and accepted 
as a report of progress. 


7 SIXTY-FOURTH ANNUAL MEETING 17 


Committee C-19 on Structural Sandwich 
Constructions: 


Report presented in the absence of the chair- 
man by S. F. Etris, ASTM Staff, and the fol- 
lowing actions taken: 


Accepted as Tentative: 


Test for Flexure-Creep of Sandwich Construc- 
tions (C 480 - 61 T) 

Test for Laboratory Aging of Sandwich Con- 
structions (C 481 - 6 T) 


Accepted as Tentative, Revisions in: 


Method of Flatwise Flexure Test of Sandwich 
Constructions (C 393 - 57 T) 


Adopted as Standard, Revisions in: 


Test for Density of Core Materials for Struc- 
tural Sandwich Constructions (C 271 - 53) 
Method of Shear Test in Flatwise Plane of Sand- 
wich Constructions (C 273 - 53) 

Method of Tension Test in Flatwise Plane of 
Sandwich Constructions (C 297 - 55) 

Test for Edgewise Compressive Strength of Flat 
Sandwich Constructions (C 364 - 57) 


Committee C-20 on Acoustical Materials: 


Report presented in the absence of the chair- 
man by Ralph Huntley, secretary, and accepted 
as a report of progress. 


Committee C-21 on Ceramic Whitewares 
and Related Products: 


Report presented in the absence of the chair- 
man by S. F. Etris, ASTM Staff, and the follow- 
ing actions taken: 


Accepted as Tentative: 


Test for Thermal Shock Resistance of Glazed 
Ceramic Tile (C 484 - 61 T) 

Method for Measuring Warpage of Ceramic Tile 
(C 485 - 61 T) 

Test for Electrical Resistance of Conductive 
Ceramic Tile (C 483-61 T) 

Test for Bond Strength of Glazed Interior 
Ceramic Wall Tile in Portland-Cement In- 
stallations (C 482 - 61 T) 


Committee C-22 on Porcelain Enamel: 


Report presented in the absence of the chair- 
man by Michael Bozsin, and the following ac- 
tions taken: 


Accepted as Tentative: 


Test for Spalling Resistance of Porcelain Enam- 
eled Aluminum (C 486 - 61 T) 
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SUMMARY OF 


Accepted as Tentative, Revisions in: 

Def. of Terms Relating to Porcelain Enamel 
(C 286 - 58 T) 

Tests for Acid Resistance of Porcelain Enamels 
(C 282 - 53) (Standard reverted to tentative) 


Adopted as Standard: 
Tests for Abrasion Resistance of Porcelain 

Enamels (C 448 - 59 T) 

Committee D-22 on Methods of Atmos- 
pheric Sampling and Analysis: 

Report presented in the absence of the chair- 
man by S. F. Etris, ASTM Staff, and the follow- 
ing actions taken: 

Accepted as Tentative: 


Test for Mass Concentration of Particulate 
Matter in the Atmosphere (Continuous-Meas- 
urement Light-Scattering Method) (D 1899 - 
61 T) 


Adopted as Standard: 


Test for Particulate Matter in the Atmosphere 
(Optical Density of Filtered Deposit) (D 1704 - 
59 T) 


Committee D-23 on Cellulose and Cellu- 
lose Derivatives: 
Report presented in the absence of the chair- 
man by S. F. Etris, ASTM Staff, and the follow- 
ing actions taken: 


Accepted for Publication as Information Only: 

Proposed Test for Carbonyl Content of Cellu- 
lose 

Accepted as Tentative, Revisions in: 


Methods of Testing Sodium Carboxylmethyl- 
cellulose (D 1439 - 58 T) 

Methods of Testing Cellulose Acetate (D 871- 
56) (Standard reverted to tentative) 


Adopted as Standard: 


Tests for Moisture in Cellulose (D 1348 - 58 T) 
Test for Solubility of Cellulose in Sodium Hy- 
droxide (D 1696 - 59 T) 


Committee E-3 on Chemical Analysis of 
Metals: 
Report presented in the absence of the chair- 
man by S. F. Etris, ASTM Staff, and accepted 
as a report of progress. 


TWENTY-FOURTH SESSION—AWARDS LUNCHEON 


WEDNESDAY, JUNE 28, 12:00 Noon 


SEssSION CHAIRMAN: PAST-PRESIDENT RICHARD T. Kropr 


About 315 were present at this lunch- 
eon session, including a number of ladies 
and visitors. 


Recognition of 40-Year, 50-Year, and 60- 

Year Members: 

Past-President Kropf referred to the 
list of 15 personal and 36 company mem- 
bers who had maintained continuous 
membership in ASTM for 40 years and 
introduced those individual members and 
company representatives who were pres- 
ent. 

He then introduced those 50-year 
members who were present, noting that 
there were 18 in the group, including 
three individual members. 

This year, for the first time, recogni- 
tion was given to those whose member- 


ship in the Society had been maintained 
for 60 years or more, and the chairman 
introduced the representatives of 11 
company members in this category to 
the luncheon audience. There were no 
individual members in this category. 

Certificates of membership were 
awarded to the 40-, 50-, and 60-year 
members and representatives at the close 
of the luncheon. 


Guest Speaker: 


Rear Admiral M. J. Lawrence, USN, 
Assistant Chief for Technical Logistics, 
Bureau of Ships, spoke on “Fifty Years 
of ASTM Membership.” 


16 Published in Materials Research & Stand- 


ards, Vol. 1, No. 8, p. 641, Aug., 1961. — 


An 
th 
pr 
gi 
ret 
W 
ac 
th 
mi 
to 
fir 
In 
or 
se 
C 
Se 
Fe 
th 
G 
S 
D 
ic 
cc 
F 
Ir 
gl 
D 
D 
Vi 
Q 
H 
H 
t 
d 
U 
g 


SIXTY-FOURTH ANNUAL MEETING 


Announcements of Awards: 


Past-President Kropf announced that 
the following awards had been conferred 
prior to the Awards Luncheon. 

The Harold DeWitt Smith Award was 
given to Lyman E. Fourt, Assistant Di- 
rector, Harris Research Laboratories, 
Washington, D. C., for outstanding 
achievement in research on fibers and 


their properties. It was presented at a 
_ meeting of Committee D-13 on Textile 
Materials on March 2, 1961. 


The Max Hecht Award was presented 
to Claude K. Rice of Venezuela Gulf Re- 
fining Co. for his outstanding contribu- 
tions to the work of Committee D-19 on 
Industrial Water at a special luncheon 
on April 22, 1961. 

The C. A. Hogentogler Award was pre- 
sented to C. B. Crawford, Division of 
‘Building Research, National Research 
Council of Canada, during the Seventh 
Session on Soils, Monday, June 26. 


Fellowships and Grants-in-Aid: 


Mr. Kropf introduced the chairman of 
the Committee on Fellowships and 
Grants-in-Aid, Past-President R. A. 
Schatzel, Vice-President, Rome Cable 
Division, Aluminum Company of Amer- 
ica, who presented a brief report for the 
committee. The $6500 ASTM Doctoral 
Fellowship for the 1961-62 academic 
year was presented to the Massachusetts 
Institute of Technology. The five $1000 
grants-in-aid were awarded as follows: 
Dr. J. Morrow, University of Illinois; 
Dr. Marvin A. Wilkov, The Pennsyl- 
vania State University; Dr. F. A. Hanes, 
Queens University (Ontario); Dr. John 
H. Koenig, Rutgers University; and Dr. 
Harold E. Way, Union College. 

Dr. Schatzel announced that the Doc- 
toral Fellowship for the 1962-63 aca- 
demic year will be awarded to Purdue 
University. The recipients of the five 
grants-in-aid will be selected during the 
winter and announced during Com- 
mittee Week. 


Conferral of Awards and Medals: 


Sanford E. Thompson Award—The — 
Sanford E. Thompson Award was given 
to Leonard Pepper and Bryant Mather, 
U.S. Army Engineer Waterways Experi- 
ment Station, for their paper, “Effective- 
ness of Mineral Admixtures in Prevent- 
ing Excessive Expansion of Concrete 
Due to Alkali-Aggregate Reaction,” pub- 
lished in the 1959 Proceedings. The re- 
cipients were introduced to President 
Bates by President-elect M. N. Clair, 
President, The Thompson & Lichtner 
Co. 

Sam Tour Award—The Sam Tour 
Award was presented to A. K. Graham 
and H. L. Pinkerton, of Graham, Savage 
and Associates, Inc., for their paper on 
“Standardizing the Preparation of Elec- 
trodeposits on Test Panels for Corrosion 
Testing,” published in the 1959 Proceed- 
ings. The recipients were introduced by 
the Executive Secretary. 

Richard L. Templin Award—Prof. 
Wm. N. Findley, Brown University, 
chairman of the awards committee, an- 
nounced the conferral of this award on 
E. A. Neppiras, Mullard Equipment 
Ltd., London, England, for his paper, 
“Techniques and Equipment for Fatigue 
Testing at Very High Frequencies,” 
published in the 1959 Proceedings. Mr. 
Neppiras was unable to attend the 
luncheon. 

Charles B. Dudley Medal.—The 
Charles B. Dudley Medal was conferred 
on G. B. Espey, M. H. Jones, and W. 
F. Brown, Jr., National Aeronautics and 
Space Administration, for their paper, 
“The Sharp Edge Notch Tensile Strength 
of Several High-Strength Steel Sheet 
Alloys,” published in the 1959 Proceed- 
ings. The recipients were introduced by 
C. H. Adams, Monsanto Chemical Co., 
chairman of the awards committee. 


Awards of Merit: 


The chairman of the Award of Merit 
Committee, Dr. G. D. Patterson, Jr., 


SUMMARY OF 
E. I. du Pont de Nemours and Co., Inc., 
read brief citations and presented the 
following to President A. Allan Bates 
who conferred on them, on behalf of the 
Board of Directors, the Certificate of 
Award of Merit: 


John J. Allen 
Frank E. Clarke 


Thomas E. Eagan 
David F. Gould 


Russell B. Gunia 
Francis M. Howell 
Richard S. Hunter 
James H. Lansing 
William Lerch 
Robert R. Litehiser 
Percy L. Rogers 


Arthur G. Scroggie 
Hubert R. Snoke 
John W. Whittemore 
Lyman W. Wood 
John S. Worth 
Anthony M. Schwartz 


*J. A. Truitt of American Viscose Corp. re- 
ceived the award for Dr. Scroggie who was un- 
able to be present. 


TWENTY-FIFTH SESSION—SYMPOSIUM ON EXTENSION OF SENSITIVITY 
FOR DETERMINING VARIOUS CONSTITUENTS IN METALS * 


(Continued from the Twentieth Session) 


WEDNESDAY, JUNE 28, 2:00 p.m. 


SESSION CHAIRMAN 


Ultratrace Emission Spectroscopy.—H. Mor- 
rison and R. L. Rupp, presented by Mr. Mor- 
rison. 

Use of the Electron Probe to Measure Low Av- 
erage but High Local Concentrations—L. S. 


N. E. Gorpon, Jr. 


Birks and R. E. Seebold, presented by Mr. 
Birks. 

Extension of Sensitivity in the Analysis of Im- 
purities in Solids by Mass Spectrometry— 
C. M. Stevens, presented by the author. 


TWENTY-SIXTH SESSION—SESSION ON HIGH TEMPERATURE 
(Continued from the Seventeenth Session) 


WEDNESDAY, JUNE 28, 2:30 P.M. 


SESSION CHAIRMAN: R. W. FENN 


Papers: 


The Creep and Rupture Properties of Five Cop- 
per-Base Casting Alloys—D. P. Moon and W. 
F. Simmons, presented by Mr. Moon. 

Anomalous Fracture in the Creep of Nickel—T. 
C. Reuther, P. Shahinian, and M. R. Achter, 
presented by Mr. Reuther. 

Creep-Rupture and Fatigue Properties of Three 
Nickel-Base Alloys in Helium Environment— 
F. J. Wall, H. B. Gayley, and T. F. Hengsten- 
berg, presented by Mr. Wall. 


Properties of Hardened Copper Beryllium Strip 
After Exposures to Elevated Temperatures— 
K. G. Wikle and N. P. Sarle, presented by 
Mr. Wikle. 


Joint Committee on Effect of Temperature 
on the Properties of Metals: 


Report presented by J. J. Kanter, chairman, 
and accepted as a report of progress. 


_ TWENTY-SEVENTH SESSION—SESSION ON STEEL 


WEDNESDAY, JUNE 28, 2:30 P.M. 


SESSION CHAIRMAN: VICE-PRESIDENT R. W. SENIFF 


A Specimen for Use in Investigating the Stress- 
Published in Materials Research & Stand- 


ards, Vol. 2, No. 2, Feb., 1962. 


Corrosion Cracking of Metals at Elevated 


Temperatures—H. L. Logan, presented by 


the author.” 
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A Fractrographic Analysis of 4340 Steel Missile Effects of Variables in Charpy Impact Testing— . 


Motor Casings—N. A. Tiner, presented by N. 18 
eh ’ H. Fahey, presented by the author. 


Strain Strengthening of Type 304 Stainless : ; F 
Steel—E. E. Weismantel, Walter Hammer, '* Published in Materials Research & Standards, — 


Jr. and L. G. Stemann, presented by Mr. V1, No. 11, p. 872, Nov., 1961. 


i 1. we 
Weismante dios 
Discussion ON Non-CoMMERCIAL MICROSCOPIC ACCESSORIES 
WEDNESDAY, JUNE 28, 2:00 P.M. 
Session CHAIRMAN: T. G. RocHow « 
« SECRETARY AND CHAIRMAN OF Discussion Session: M. C. MILLER 
In accordance with the purposes of Subcommittee 28 tives with Metals, Ceramics, Resins, etc., by { 
on Microscopy, of Committee E-1 on Methods of Testing, Reflected Light—Peter Bartels. a 
to develop standards and methods applicable in industrial Speci Stretcher and a Thermally-Con- 
microscopy and to sponsor symposiums and collect and trolled Stage for the Electron Microscope— 
distribute microscopical information, this session on ac- Harvey B. Merrill, Jr. 
cessories was organized. Simple Physical Methods for Producing Micro- 
To stimulate discussion from the floor, the following scopical Contrast—Sanford B. Newman. 
several brief presentations were made: These Were Not Worth Publishing, Four Or- 


phans—Charles P. Saylor 
Advantageous Use of Infinity-Corrected Objec- Automatic Polisher—W. A. O. Olsen _ 


i 
wit PANEL Discussion ON NUCLEAR STANDARDIZATION ACTIVITIES 
WEDNESDAY, JUNE 28, 2:30 P.M. 
« 


This panel discussion was spoasored by the special ASTM Administrative Committee on Nuclear Problems to have 
presented the general scope of nuclear standardization activities in the American Society for Testing Materials, American 
Nuclear Society, The American Society of Mechanical Engineers, American Standards Assn., and Pressure Vessel Research 
Council. Also discussed were ways and means of coordinating current and future activities of the groups working on spe- 
cial projects in the various societies. a a 


=i TWENTY-EIGHTH SESSION—COMMITTEE REPORT SESSION 

WEDNESDAY, JUNE 28, 4:30 P.M. 
Shag, 

Committee A-1 on Steel: Pipe for High-Temperature Service (A 451 - 

61 T) (Jointly with Committee A-10) 
Spec. for Centrifugally Cast Austenitic Cold- 

Wrought Pipe for High-Temperature Service 

oe (A 452 - 61 T) (Jointly with Committee A-10) 

Spec. for High Tensile Strength Carbon-Man- 
Method and Spec. for Magnetic Particle Inspec- ganese Steel Plates for Unfired Pressure Ves- 

tion of Large Crankshaft Forgings (A 456 - sels (A 455 - 61 T) 

61 T) Spec. for High-Strength, High-Temperature 
Spec. for Centrifugally Cast Austenitic Steel Bolting Materials with Expansion Coefficients 


=e = « Session CHAIRMAN: A. M. Bounps 


Report presented by J. J. Kanter, chairman, 
and the following actions taken: pay 
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SUMMARY OF 


Comparable to Austenitic Steels (A 453- 
61 T) (Jointly with Committee A-10) 
Spec. for Steel Conveyor Chain (A 454 - 61 T) 


Accepted as Tentative, Revisions in: 


Spec. for General Requirements for Delivery of 
Rolled Steel Plates, Shapes, Sheet Piling, and 
Bars for Structural Use (A 6-60 T) 

Spec. for Steel for Bridges and Buildings (A 7 - 
58 T) 

Spec. for General Requirements for Hot-Rolled 
and Cold-Finished Carbon and Alloy Steel 
Bars (A 29 - 60 T) 

Spec. for Structural Steel (A 36 — 60 T) 

Spec. for Welded and Seamless Steel Pipe 
(A 53 - 60 T) 

Specs. for Cold-Drawn Steel Wire for Concrete 
Reinforcement (A 82 — 58 T) 

Specs. for Seamless Steel Boiler Tubes (A 83 - 
60 T) 

Specs. for Forged or Rolled Steel Pipe Flanges, 
Forged Fittings, and Valves and Parts for 
High-Temperature Service (A 105-59 T), 
with a change in the new Section 4(e) to read 
as follows: 

(e) Forgings intended for application to 
pressure vessels may be repair welded provided 
the welding is performed in accordance with 
all the requirements of Part UF of Section 
VIII of the ASME Boiler and Pressure Vessel 
Code, and the repair welding is approved by 
the purchaser. 

Specs. for Seamless Carbon-Steel Pipe for High- 
Temperature Service (A 106-60 T) 

Spec. for Hot-Rolled Carbon Steel Bars (A 107 - 
59 T) 

Spec. for Cold-Finished Carbon Steel Bars and 
Shafting (A 108 - 58 T) 

Specs. for Black and Hot-Dipped Zinc-Coated 
(Galvanized) Welded and Seamless Steel Pipe 
for Ordinary Uses (A 120-57 T) 

Specs. for Electric-Resistance-Welded Steel Pipe 
(A 135 - 60 T) 

Spec. for Seamless Low-Carbon and Carbon- 
Molybdenum Steel Still Tubes for Refinery 
Service (A 161 - 60 T) 

Specs. for Electric-Resistance-Welded Steel and 
Open-Hearth Iron Boiler Tubes (A 178 - 60 T) 

Specs. for Seamless Cold-Drawn Low-Carbon 
Steel Heat-Exchanger and Condenser Tubes 
(A 179 - 60 T) 

Specs. for Forged or Rolled Steel Pipe Flanges, 
Forged Fittings, and Valves and Parts for 
General Service (A 181 - 59 T), with a change 
in the new Section 4(f) to read as indicated 
above for the new Section 4(e) of Specifica- 
tions A 105. 

Specs. for Forged or Rolled Alloy-Steel Pipe 

Flanges, Forged Fittings, and Valves and 


Parts for High-Temperature Service (A 182 - 
59 T) 

Specs. for Welded Steel Wire Fabric for Con- 
crete Reinforcement (A 185 — 58 T) 

Specs. for Seamless Steel Boiler Tubes for High- 
Pressure Service (A 192 —- 60 T) 

Specs. for Alloy-Steel Bolting Materials for 
High-Temperature Service (A 193 - 60 T) 

Specs. for Seamless Cold-Drawn Intermediate 
Alloy-Steel Heat Exchanger and Condenser 
Tubes (A 199 - 60 T) 

Specs. for Seamless Intermediate Alloy-Steel 
Still Tubes for Refinery Service (A 200 - 60 T) 

Spec. for Carbon-Silicon Steel Plates for Inter- 
mediate Tensile Ranges for Fusion-Welded 
Boilers and Other Pressure Vessels (A 201 - 
57 T) with the deletion of the revision of 
Section 9. 

Specs. for Carbon-Molybdenum Alloy-Steel 
Boiler and Superheater Tubes (A 209 - 60 T) 

Specs. for Medium-Carbon Seamless Steel Boiler 
and Superheater Tubes (A 210 - 60 T) 

Spec. for High Tensile Strength Carbon-Silicon 
Steel Plates for Boilers and Other Pressure 
Vessels (A 212 - 57 T) with the deletion of the 
revision of Section 9. 

Specs. for Seamless Alloy Steel Boiler, Super- 
heater, and Heat Exchanger Tubes (A 213 - 
60 T) 

Specs. for Electric-Resistance-Welded Steel 
Heat-Exchanger and Condenser Tubes 
(A 214 - 60 T) 

Specs. for Electric-Resistance-Welded Steel 
Boiler and Superheater Tubes for High-Pres- 
sure Service (A 226 - 60 T) 

Specs. for Flat-Rolled Carbon Steel Sheets of 
Structural Quality (A 245 — 58 T) 

Specs. for Welded Austenitic Stainless Steel 
Boiler, Superheater, Heat Exchanger, and 
Condenser Tubes (A 249 — 60 T) 

Specs. for Electric-Resistance-Welded Carbon- 
Molybdenum Alloy-Steel Boiler and Super- 
heater Tubes (A 250-60 T) 

Spec. for Alloy Steel Bars to End Quench Hard- 
enability Requirements (A 304 - 57 T) 

Spec. for Low-Carbon Steel Externally and In- 
ternally Threaded Standard Fasteners 
(A 307 - 61 T) 

Spec. for Stress Relief Annealed Cold-Drawn 
Carbon Steel Bars (A 311 - 60 T) 

Specs. for Seamless and Welded Austenitic 
Stainless Steel Pipe (A 312-60T) (Jointly 
with Committee A-10) 

Spec. for Quenched and Tempered Carbon Steel 
Bars (A 321 - 60 T) 

Spec. for Hot-Rolled Alloy Steel Bars (A 322 - 
57 T) 

Spec. for Cold-Finished Alloy Steel Bars (A 331 - 
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Specs. for Seamless and Welded Steel Pipe for 
Low-Temperature Service (A 333 - 60 T) 

Specs. for Seamless and Welded Steel Tubes for 
Low-Temperature Service (A 334 - 60 T) 

Specs. for Seamless Ferritic Alloy Steel Pipe for 
High-Temperature Service (A 335 - 60 T) 

Spec. for Alloy Steel Seamless Drum Forgings 
(A 336 - 57 T) 

Specs. for Forged or Rolled Carbon and Alloy 
Steel Flanges, Forged Fittings, and Valves 
and Parts for Low-Temperature Service 
(A 350 - 59 T) 

Specs. for Ferritic and Austenitic Steel Castings 
for High-Temperature Service (A 351 - 60 T) 

Specs. for Ferritic Alloy Steel Forged and Bored 
Pipe for High-Temperature Service (A 369 - 
60 T) 

Methods and Definitions for Mechanical Testing 
of Steel Products (A 370 - 54 T) 

Specs. for High-Strength Low Alloy Hot-Rolled 
Steel Sheets and Strip (A 375 - 58 T) 

Specs. for Seamless Austenitic Steel Pipe for 
High-Temperature Central-Station Service 
(A 376 - 60 T) 

Spec. for Chromium-Molybdenum Steel Plates 
for Boilers and Other Pressure Vessels (A 387 - 
57 T) 

Specs. for Galvanized Steel Transmission Tower 
Bolts and Nuts (A 394-61 T) 

Specs. for Factory-Made Wrought Austenitic 
Steel Welding Fittings (A 403-60T), with 
the deletion of the new Grade WP 348H from 
Table I. 

Specs. for Seamless Ferritic Alloy-Steel Pipe 
Specially Heat-Treated for High-Temperature 
Service (A 405 - 56 T) 

Specs. for Factory-Made Wrought Carbon Steel 
and Alloy Steel Welding Fittings of Seamless 
or Welded Construction for Low-Temperature 
Service (A 420 - 59 T) 

Specs. for Butt Welds in Still Tubes for Refinery 
Service (A 422 — 58 T) 

Specs. for Seamless and Electric Welded Low- 
Alloy Steel Tubes for Economizers (A 423 - 
60 T) 

Specs. for Centrifugally Cast Ferritic Alloy 
Steel Pipe for High-Temperature Service 
(A 426 - 59 T) 

Specs. for Austenitic Steel Forged and Bored 
Pipe for High-Temperature Service (A 430 - 
60 T) 


Adopted as Standard: 


Method of Magnetic Particle Testing and In- 
spection of Heavy Steel Forgings (A 275- 
58 T) 

Spec. for Carbon Steel Axles, Non-Heat-Treated, 
for Railway Use (A 21 - 57 T) 

Spec. for Carbon Steel Forgings for Railway 

Use (A 236 - 57 T) 
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Spec. for Alloy Steel Forgings for Railway Use 
(A 238 - 58 T) 

Spec. for Untreated Carbon Steel Axles for Ex- 
port and for General Industrial Use (A 383 - 
57 T) 

Spec. for Wrought Alloy Steel Rolls for Cold and 
Hot Reduction (A 427 - 58 T) 

Spec. for Carbon-Chromium Ball and Roller 


Bearing Steel (A 295 - 46 T) r 
Adopted as Standard, Revisions in: 7 


Specs. for Steel Screw Spikes (A 66 - 54) ™ 
Spec. for Structural Steel for Ships (A 131 - 59) 
Specs. for Electric-Fusion (Arc)-Welded Steel 
gy Pipe (Sizes 16 in. and Over) (A 134- 

) 

Specs. for Electric-Fusion (Arc)-Welded Steel 
Pipe (Sizes 4 in. and Over) (A 139 - 58) 

Spec. for Nickel-Steel Plates for Boilers and 
Other Pressure Vessels (A 203 - 60) with the 
deletion of the revision of Section 9. 

Spec. for Molybdenum-Steel Plates for Boilers 
and Other Pressure Vessels (A 204 - 57) 

Specs. for Welded and Seamless Steel Pipe Piles 
(A 252 - 59) 

Specs. for Copper Brazed Steel Tubing (A 254 - 
58) 


Specs. for Seamless and Welded Ferritic Stainless 
Steel Tubing for General Service (A 268 - 60) 

Specs. for Seamless and Welded Austenitic 
Stainless Steel Tubing for General Service 
(A 269 — 60) 

Spec. for Seamless and Welded Austenitic Stain- 
less Steel Sanitary Tubing (A 270 - 60) 

Spec. for Seamless Austenitic Chromium-Nickel 
Steel Still ‘Tubes for Refinery Service (A 271 - 
60) 

Spec. for Metal-Arc Welded Steel Pipe for High- 
Pressure Transmission Service (A 381 — 58) 


Standard Withdrawn: 


Specs. for Welded and Seamless Open-Hearth 

Iron Pipe (A 253 - 60) 

Committee A-1 withdrew from the preprinted 
report recommendations for the revision of Ten- 
tative Specifications A 273, A 274, and A 410, 
and revisions for immediate adoption of Stand- 
ard Specification A 353. 


Committee A-5 on Corrosion of Iron and 
Steel: 


The report was presented by H. F. Hormann, 
chairman, and the following actions taken: 


Accepted as Tentative: 

Spec. for Copper Covered Steel Wire Strand 
(A 460 - 61 T) 

Spec. for Zinc-Coated Flat Steel Armoring Tape 

(A 459 - 61 T) 
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Specs. for Zinc Coating (Hot Dip) on Iron and 
Steel Hardware (A 153 - 60) 

Specs. for Zinc Coating (Hot Dip) on Assem- 
bled Steel Products (A 386 — 59) 


Committee A-10 on Iron-Chromium, Iron- 
Chromium-Nickel and Related Alloys: 


Report presented by L. L. Wyman, chair- 
man, and the jollowing actions taken: 


Accepted as Tentative: 


Spec. for Hot and Cold-Worked Alloy Steel 
Plate, Sheet, and Strip for High Strength at 
Elevatec Temperatures (A 457 — 61 T) 

Spec. for Hot and Cold-Worked Alloy Steel 
Bars for High Strength at Elevated Tem- 
peratures (A 458 - 61 T) 

Spec. for Centrifugally Cast Austenitic Steel 
Pipe for High-Temperature Service (A 451 - 
61 T) (Jointly with Committee A-1) 

Spec. for Centrifugally Cast Austenitic Cold- 
Wrought Pipe for High-Temperature Service 
(A 452-61 T) (Jointly with Committee A-1) 

Spec. for High-Strength, High-Temperature 
Bolting Materials with Expansion Coefficients 
Comparable to Austenitic Steels (A 453 - 
61 T) (Jointly with Committee A-1) 


Accepted as Tentative, Revisions in: 


Spec. for Seamless and Welded Austenitic Stain- 
less Steel Pipe (A 312-60T) (Jointly with 
Committee A-1) 

Spec. for Corrosion-Resisting Chromium Steel 
Clad Plate, Sheet, and Strip (A 263 - 59 T) 
Spec. for Corrosion-Resisting Chromium-Nickel 
Steel Clad Plate, Sheet, and Strip (A 264- 

59 T) 

Spec. for Corrosion-Resistant Iron-Chromium 
and Iron-Chromium-Nickel Alloy Castings for 
General Application (A 296 60 


Adopted as Standards, Revisions in: 


Spec. for Seamless and Welded Ferritic Stainless 
Steel Tubing for General Service (A 268 — 60) 
(Jointly with Committee A-1) 

Spec. for Seamless and Welded Austenitic Stain- 
less Steel Tubing for General Service (A 269 - 
60) (Jointly with Committee A-1) 

Spec. for Seamless and Welded Austenitic Stain- 
less Steel Sanitary Tubing (A 270-60) 
(Jointly with Committee A-1) 

Spec. for Seamless Austenitic Chromium-Nickel 
Steel Still Tubes for Refinery Service (A 271 - 
60) (Jointly with Committee A-1) 


18¢ Publication of the revision was withheld 
pending the approval by confirming letter ballot 
vote in the committee. 


Committee B-2 on Non-Ferrous Metals and 
Alloys: 


Report presented by Alfred Bornemann, 
chairman, and the following actions taken: 


Adopted as Standard: 


Spec. for White Metal Bearing Alloys (Known 
Commercially as “Babbitt Metal’) (B 23- 
59 T) 

Spec. for Nickel-Copper Alloy Plate, Sheet, and 
Strip (B 127 - 58 T) 

Spec. for Nickel Rod and Bar (B 160-58 T) 

Spec. for Nickel Seamless Pipe and Tube 
(B 161 - 58 T) 

Spec. for Nickel Plate, Sheet, and Strip (B 162 - 
58 T) 

Spec. for Nickel-Copper Alloy Rod and Bar 
(B 164 - 58 T) 

Spec. for Nickel-Copper Alloy Seamless Pipe and 
Tube (B 165 - 58 T) 


Committee B-5 on Copper and Copper Al- 
loys, Cast and Wrought: 


Report presented by W. H. Jennings, chair- 
man, and the following actions taken: 


Accepted as Tentative: 
Spec. for Copper-Nickel Alloy Castings (B 369 - 
61 T) 


Adopted as Standard: 

Spec. for Copper Sheet and Strip for Building 
Construction (B 370 - 61) 

Spec. for Copper-Zinc-Silicon Alloy Rod (B 371 - 
61) 

Spec. for Seamless Copper and Copper-Alloy 
Rectangular Waveguide Tube (B 372 - 61) 
Spec. for Bronze Castings for Bridges and Turn- 

tables (B 22 - 60 T) 

Spec. for General Requirements for Wrought 
Copper-Alloy Wire (B 250 - 60 T) 

Spec. for Flat Copper Products with Finished 
(Rolled or Drawn) Edges (Flat Wire and 
Strip) (B 272 - 60 T) 

Adopted as Standard, Revisions in: 

Spec. for Phosphor Bronze Plate, Sheet, Strip, 
and Rolled Bar (B 103 - 60) 

Spec. for Copper Plates for Locomotive Fire- 
boxes (B 11 - 58) 

Spec. for Copper Rods for Locomotive Stay- 
bolts (B 12 - 58) 

Spec. for Cartridge Brass Sheet, Strip, Plate, 
Bar, and Disks (B 19 - 58) 

Spec. for Brass Plate, Sheet, Strip, and Rolled 
Bar (B 36 - 60) 

Spec. for Seamless Copper Tube (B 75 - 60) 

Spec. for Seamless Copper Water Tube (B 88 - 
58) 

Spec. for Copper-Silicon Alloy Plate and Sheet 
for Pressure Vessels (B 96 — 58) 
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Spec. for Copper-Silicon Alloy Wire for General 
Purposes (B 99 — 54) 

Spec. for Rolled Copper-Alloy Bearing and Ex- 
pansion Plates and Sheets for Bridge and 
Other Structural Uses (B 100 - 58) 

Spec. for Commercial Bronze Strip (B 130 — 58) 

Spec. for Seamless Brass Tube (B 135 — 60) 

Spec. for Tin Bronze and Leaded Tin Bronze 
Sand Castings (B 143 - 52) 

Spec. for Leaded Red Brass and Leaded Semi- 
Red Brass Sand Castings (B 145 — 52) 

Spec. for Seamless Copper Bus Pipe and Tube 
(B 188 — 60) 

Spec. for General Requirements for Wrought 
Copper and Copper-Alloy Plate, Sheet, Strip, 
and Rolled Bar (B 248 — 59) 

Spec. for General Requirements for Wrought 
Copper and Copper-Alloy Rod, Bar, and 
Shapes (B 249 — 60) 

Spec. for General Requirements for Wrought 
Seamless Copper and Copper-Alloy Pipe and 
Tube (B 251 — 60) 

Spec. for Copper-Zinc-Manganese Alloy (Man- 
ganese Brass) Sheet and Strip (B 291 - 60) 
Spec. for Threadless Copper Pipe (B 302 - 60) 
c. for Copper Drainage Tube (DWV) 

(B 306 — 59) 

Spec. for Copper-Silicon Alloy Seamless Pipe 

and Tube (B 315 — 59) 


Standard Withdrawn: 
Spec. for Seamless Copper Boiler Tubes (B 13 - 
58) 


Committee D-1 on Paint, Varnish, Lacquer 
and Related Products: 


Report presented by W. T. Pearce, chairman, 
and the following actions taken: 


Accepted as Tentative: 

Specs. for Distilled Coconut Fatty 
(D 1841 - 61 T) 

Specs. for Distilled Corn Fatty Acids (D 1842 - 
61 T) 

Specs. for Fractionated and Distilled Cotton- 
seed Fatty Acids (D 1843 - 61 T) 

Spec. for Asbestos-Cement Shingle Blanks to Be 
Used as Panels in Weathering Tests of Latex 
and Emulsion Paints (D 1911-61 T) 

Methods for Chemical Analysis of Strontium 
Chromate Pigment (D 1845 - 61 T) 

Test for Water-Soluble Matter in Iron Oxide 
Pigments by Specific Resistance Method 
(D 1846 - 61 T) 

Methods for Chemical Analysis of Basic Lead 
Silico-Chromate (D 1844 - 61 T) 

Test for Total Chlorine Content of Epoxy Resins 
(D 1847 - 61 T) 

Method of Reporting Paint Film Failures Char- 

acteristic of Exterior Latex Paints (D 1848 - 

61 T) 


Acids 
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Test for Package Stability of Latex Paint 
(D 1849 - 61 T) 

Test for Hydroxy] Value of Fatty Oils and Acids 
(D 1957 - 61 T) (This test was listed in error 
in the preprinted report as a new standard.) 

Accepted as Tentative, Revisions in: 

Test for Acidity in Lacquer Solvents and Di- 
luents (D 1613 - 58 T) 

Def. of Terms Relating to Paint, Varnish, Lac- 
quer, and Related Products (D 16-59) 

Adopted as Standard: 

Spec. for Raw Tung Oil (D 12 - 59 T) 

Spec. for Boiler Linseed Oil (D 260 - 58 T) 

Spec. for Basic Lead Silico-Chromate (D 1648 - 
59 T) 

Test for Viscosity Reduction Power of Hydro- 
carbon Solvents (D 1311 - 54 T) 

Test for No-Smear Time of Traffic Paint 
(D 1359 - 55 T) 

Method of Sampling Liquid Oils and Fatty 
Acids Commonly Used in Paints, Varnishes, 
and Related Materials (D 1466 - 57 T) 

Test for Effect of Staining Agents on Organic 
Finishes Used in the Transportation Industry 
(D 1540 - 58 T) 

Test for Phthalic Acid Isomers and Benzoic 
Acid in Alkyd Resins and Esters (D 1651 -_ 
59 T) 

Test for Evaluation of Painted or Coated Speci- 
mens Subjected to Corrosive Environments 
(D 1654 - 59 T) 

Test for Kauri-Butanol Value of Solvents — 
(D 1133 - 54 T), as revised 

Methods of Testing Fatty Acids Used in Pro-— 
tective Coatings (D 1467-59 T), as revised 

Test for Specific Gravity of Drying Oils, Var- 
nishes, Resins, and Related Materials at 25/25 
C (D 1963 - 61) 

Test for Saponification Value of Drying Oils and J 
Fatty Acids (D 1962 - 61) 

Test for Unsaponifiable Matter in Drying Oils 7 
and Fatty Acids (D 1965 - 61) 

Test for Iodine Value of Drying Oils and Fatty — 
Acids (D 1959 - 61) 

Test for Loss on Heating of Drying Oils — 
(D 1960 - 61) 

Test for Foots in Raw Linseed Oil (D 1954 - 61) 

Test for Quantitative Determination of Break 
in Drying Oils (D 1952 - 61) 

Test for Acetone Tolerance of Heat-Bodied ; 
Drying Oil (D 1950 - 61) 

Test for Gel Time of Drying Oils (D 1955 - 61) | 

Test for Tung Oil Quality (D 1964 - 61) 

Test for Drying Properties of Drying Oils ; 
(D 1953 - 61) 

Test for Ash in Drying Oils and Fatty Acids 
(D 1951 - 61) 

Test for Matter Insoluble in Chloroform in 
Oiticica Oil (D 1958 - 61) 
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Test for Heat Bodying Rate of Drying Oils 
(D 1956 - 61) 

Test for Maleic Diene Value of Drying Oils 
(D 1961 - 61) 

Test for Titer of Fatty Acids (D 1982 - 61) 

Test for Acid Value of Fatty Acids (D 1980 - 61) 

Test for Color After Heating of Fatty Acids 
(D 1981 - 61) 


Adopted as Standard, Revisions in: 

Test for Flash Point by Tag Closed Tester 
(D 56 56) 

Methods of Sampling and Testing Lacquer Sol- 
vents and Diluents (D 268 — 59) 

Specs. for Leaded Oxide (D 80 - 41) 

Specs. for Petroleum Spirits (Mineral Spirits) 
(D 235 - 59) 

Tests for Nonvolatile Content of Resin Solu- 
tions (D 1259 - 58) 

Specs. for Industrial 90 Benzene for Use in 
Paint, Varnish, Lacquer, and Related Prod- 
ucts (D 361 — 36) 

Specs. for Industrial Grade Toluene for Use in 
Paint, Varnish, Lacquer, and Related Prod- 
ucts (D 362 — 36) 

Specs. for Industrial Grade Xylene or Solvent 
Naphtha for Use in Paint, Varnish, Lacquer, 
and Related Products (D 364- 36) 

Methods of Testing Drying Oils (D 555 — 58) 

Methods for Preparation of Steel Panels for 
Testing Paint, Varnish, Lacquer, and Related 
Products (D 609 — 52) 

Test for Acid Value of Varnishes (D 1639 — 59) 


Standards Withdrawn: 


Test for Relative Dry Hiding Power of White 
Pigments in a Linseed Oil Vehicle (D 406 - 
39). This method has been superseded by 
Method D 1738. 

Test for Nitrocellulose Diluting Power of Hy- 
drocarbon Solvents (D 1134-53). This 
method is now included in Method D 1720. 


Tentative Withdrawn: 
Spec. for Heavy Petroleum Spirits (Heavy | Min- 


eral Spirits) (D 965 59 T) 
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SUMMARY OF 


PROCEEDINGS 


The committee withdrew from the preprinted 
report the recommendation for adoption as 
standard without revision of the Tentative 
Specifications for Raw Linseed Oil (D 234-58 T) 

There failed of approval at the session the 
recommendation of Committee D-1 for the pub- 
lication as tentative of the proposed Method of 
Test for Perspiration Resistance of Organic 
Coatings. The method is to be given further 
consideration in the committee in the light of 
the objections raised at the session. 


Committee D-5 on Coal and Coke: 


Report presented by R. L. Coryell, chairman, 
and the following actions taken: 


Accepted as Tentative: 
Test for Fusibility of Coal Ash (D 1857 - 61 T) 


Accepted as Tentative, Revisions in: 


Methods of Laboratory Sampling and Analysis 
of Coal and Coke (D 271 - 58) 


Adopted as Standard: 


Test for Equilibrium Moisture of Coal at 96 to 
97 Per Cent Relative Humidity and 30C 
(D 1412 - 56 T) 


Committee D-17 on Naval Stores: 


Report presented by S. R. Snider, chairman, 
and the following actions taken subject to a 
favorable vote in the committee on the report: 


Adopted as Standard, Revisions in: 
Methods of Testing Tall Oil (D 803 - 58) 

The revision of Standard Methods of Sam- 
pling and Grading Rosin (D 509-55) was in- 
advertently listed in the report as a substance 
change for immediate adoption instead of as an 
editorial change. 


Committee E-16 on Sampling and Analysis 
of Metal Bearing Ores and Related Ma- 
terials: 

Report presented by J. L. Hague, chairman, 
and accepted as a report of progress. r 


a 


ie 
da 
is 


én 


Cor 
mal 
the 
Ade 
Spe 
Cor 
| 
mal 
Ace 
a 
d 
Spe 
1 
( 
e 
e 
v 
Ac 
Tes 
f 
t 
Tes 


Committee C-7 on Lime: 


Report presented in the absence of the chair- 
man by Kenneth Gutschick, secretary elect, and 
the following action taken: 


Adopted as Standard, Revisions in: 


Spec. for Hydraulic Hydrated Lime for Struc- 
tural Purposes (C 141 - 55) 


Committee C-9 on Concrete and Concrete 
Aggregates: 


Report presented by Bryant Mather, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Test for Static Young’s Modulus of Elasticity 
and Poisson’s Ratio in Compression of Cylin- 
drical Concrete Specimens (C 469 - 61 T) 

) Spec. for Single-Use Molds for Forming 6 by 

. 12-in. Concrete Compression Test Cylinders 

(C 470-61 T), with the addition of the fol- 

lowing new Paragraph (d) to Section 4: 

(d) Calculate the elongation as the differ- 
ence between the final length and initial 
length. Calculate the absorption as the differ- 
ence between the final weight and the initial 
weight of the sample mold. 


Accepted as Tentative, Revisions in: 
Test for Rate of Hardening of Mortars Sieved 


‘ from Concrete Mixtures by Proctor Penetra- 

e tion Resistance Needles (C 403 - 57 T) 

a Test for Soundness of Aggregates by Use of 
Sodium Sulfate or Magnesium Sulfate (C 88 - 
59 T) 

s Test for Potential Alkali Reactivity of Cement- 

Aggregate Combinations (Mortar Bar 


Method) (C 227 - 60 T) 

Test for Potential Reactivity of Aggregates 
(Chemical Method) ‘C 289 - 57 T) 

Test for Resistance of Concrete Specimens to 
Rapid Freezing and Thawing in Water 
(C 290 - 57 T) 

Test for Resistance of Concrete Specimens to 
Rapid Freezing in Air and Thawing in Water 
(C 291 - 57 T) 

Test for Resistance of Concrete Specimens to 
Slow Freezing and Thawing in Water or Brine 
(C 292 - 57 T) 

Test for Resistance of Concrete Specimens to 
Slow Freezing in Air and Thawing in Water 
(C 310-57 T) 


SIXTY-FOURTH ANNUAL MEETING 


TWENTY-NINTH SESSION—COMMITTEE REPORT SESSION | 
WEDNESDAY, JUNE 28, 4:30 P.M. 


SEssION CHAIRMAN: R. F. LEGGET 


Test for Potential Volume Change of Cement- 
Aggregate Combinations (C 342-55 T) 
Methods of Sampling and Testing Fly Ash as an 
Admixture in Portland Cement Concrete 
(C 311-59 T) 
Methods of Securing, Preparing, and Testing 
Specimens from Hardened Concrete for Com- 
pressive and Flexural Strengths (C 42 - 60) 
Specs. for Ready-Mixed Concrete (C 94 - 58) 
Specs. for Concrete Aggregates (C 33-59) 
(Standard reverted to tentative) : 
Test for Amount of Material Finer Than No. 
200 Sieve in Aggregate (C 117-49) (Stand- 
ard reverted to tentative) (Jointly with Com- 
mittee D-4) 
Test for Sieve Analysis of Fine and Coarse Ag- 
gregates (C 136-46) (Standard reverted to 
tentative) (Jointly with Committee D-4) 


Adopted as Standard: 
Spec. for Lightweight Aggregates for Insulating 
Concrete (C 332 — 56 T) 


Spec. for Cotton Mats for Curing Concrete 
(C 440 - 59 T) 


Adopted as Standard, Revisions in: 

Test for Compressive Strength of Molded Con- 
crete Cylinders (C 39 — 59) 

Methods of Securing, Preparing, and Testing 
Specimens from Hardened Concrete for Com- 
pressive and Flexural Strengths (C 42 — 60) 

Specs. for Ready-Mixed Concrete (C 94 - 58) 


Committee C-12 on Mortar for Unit Ma- 
sonry: 


Report presented by H. C. Plummer, chair- 
man, and the following actions taken: 
Accepted as Tentative: 

Specs. for Mortar and Grout for Reinforced 

Masonry (C 476 - 61 T) 

Accepted as Tentative, Revisions in: 
Specs. for Mortar for Unit Masonry (C 270- 

59 T) 


Adopted as Standard: 


Specs. for Grout 


(C 404 - 


Aggregates for 
57 T) 


Masonry 
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Committee C-13 on Concrete Pipe: 


Report presented by. R. R. Litehiser, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Specs. for Precast Reinforced Concrete Manhold 
Risers and Tops (C 478 - 61 T) 

Specs. for Cast-in-Plate Nonreinforced Concrete 
Irrigation Closed Conduit (C 477 - 61 T) 


Accepted as Tentative, Revisions in: 


Spec. for Reinforced Concrete Culvert, Storm 
Drain, and Sewer Pipe (C 76 - 60 T) 


Adopted as Standard: 


Specs. for Reinforced Concrete Low-Head Pres- 
sure Pipe (C 361 - 59 T) 


Committee D-8 on Bituminous Materials 
for Roofing, Waterproofing, and Related 
Building or Industrial Uses: 


Report presented by H. R. Snoke, chairman, 
and the following actions taken: 


Accepted for Publication as Information Only: 


Proposed Method for Defining and Measuring 
the Temperature Susceptibility of Asphalts 


Accepted as Tentative: 


Specs. for Homogeneous Bituminized Fiber 
Drain and Sewer Pipe (D 1861 — 61 T) 

Specs. for Laminated-Wall Bituminized Fiber 
Drain and Sewer Pipe (D 1862 - 61 T) 

Specs. for Mineral Aggregate for Use on Built-Up 
Roofs (D 1863 — 61 T) 

Test for Moisture in Mineral Aggregate for Use 
on Built-Up Roofs (D 1864 - 61 T) 

Test for Hardness of Mineral Aggregate for Use 
on Built-Up Roofs (D 1865 — 61 T) 

Test for Translucency of Mineral Aggregate for 
Use on Built-Up Roofs (D 1866 - 61 T) 


Accepted as Tentative, Revisions in: 


Spec. for Woven Glass Fabrics Saturated with 
Bituminous Substances for Use in Water- 
proofing (D 1668 - 59 T) 

Spec. for Primer for Use with Asphalt in Damp- 
proofing and Waterproofing (D 41 — 41) 

Spec. for Asphalt Shingles Surfaced with Min- 
eral Granules (D 225 — 60) 


PROCEEDINGS 


Adopted as Standard, Revisions in: 


Test for Steam Distillation of Bituminous Pro- 
tective Coatings (D 255 - 28) 


Standard Withdrawn: 


Spec. for Sieve Analysis of Granular Mineral 
Surfacing for Asphalt Roofing and Shingles 
(D 1001 - 51) 


Committee D-18 on Soils for Engineering 
Purposes: 


Report presented in the absence of the chair- 
man by A. A. Wagner, secretary, and the follow- 
ing actions taken: 


Accepted as Tentalive: 


Test for Bearing Ratio of Laboratory-Com- 
pacted Soils (D 1883 - 61 T) 


Accepted as Tentative, Revisions in: 


Method for Grain Size Analysis of Soils (D 422 - 
60 T) 

Test for Liquid Limit of Soils (D 423 - 59 T) 

Test for Load-Settlement Relationship for In- 
dividual Piles Under Vertical Axial Load 
(D 1143 - 57 T) 


Adopted as Standard: 


Methods of Testing Soil-Bituminous Fixtures 
(D 915 - 47 T) 


Adopted as Standard, Revisions in: 
Test for Shrinkage Factors of Soils (D 427 — 39) 


Committee E-6 on Methods of Testing 
Building Constructions: 


Report presented by R. W. Bletzacker, mem- 
bership secretary, and the following actions 
taken: 


Adopted as Standard, Revisions in: 


Methods of Conducting Strength Tests of Panels 

for Building Construction (E 72-55) 

The committee withdrew from the preprinted 
report the recommendation for reapproval of the 
Recommended Practice for Laboratory Meas- 
urement of Airborne-Sound Transmission Loss 
of Building Floors and Walls (E 90-55) since 
a revision of the recommended practice will be 
presented to the Society through the Administra- 
tive Committee on Standards. 
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SIXTY-FOURTH ANNUAL MEETING 


COCKTAIL PARTY 
AND 
ANNUAL DINNER 


WEDNESDAY, JUNE 28 


The Philadelphia District, through its 
Council, acted as the official host at the 
Cocktail Party and Dinner which was 


o§4/ 


followed by entertainment. Approxi- 
mately 294 persons attended this func- 


¢ 


Introduction by H. C. Turner. 

An Evaluation of Compression Testing Tech- 
niques of Sheet Materials at Elevated Tem- 
peratures—George Gerard, presented by 
Ralph Papirno. 

Compression Testing of Sheet Materials at Ele- 
vated Temperatures—Ralph Papirno and 
George Gerard, presented by Mr. Papirno. 

Rapid Rate Compression Testing of Sheet Ma- 
terials at High Temperatures—E. C. Bernett 
and W. W. Gerberich, presented by Mr. Ber- 
nett. 


THIRTIETH SESSION—SYMPOSIUM ON ELEVATED-TEMPERATURE 
COMPRESSION TESTING OF SHEET MATERIALS” 


THURSDAY, JUNE 29, 9:00 a.m. 


tion. 


fo 


SESSION CHAIRMAN: H. C. TuRNER 


Evaluation of Test Variables in the Determina- 
tion of Elevated Temperature Compression 
Yield Strength of Magnesium Sheet—R. W. 
Fenn, presented by the author. 

Compression and Buckling Characteristics of 
Annealed and Aged Inconel 718 Nickel- 
Chromium Alloy at Temperatures up to 
1400 F—Julian Dubuc and Georges Welter, 
presented by Mr. Dubuc. 

An Evaluation of a System for the Compression 
Testing of Sheet Materials at Elevated Tem- 
peratures—W. W. Breindel, R. L. Carlson, 
and F. C. Holden, presented by Mr. Breindel. 

Summary by J. R. Kattus. 


Issued as ASTM STP No. 3038. 
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Stress-Relaxation—Some New Test Methods for 
the Determination of This Mechanical Prop- 
erty Either in Tension or in Compression—G. 
R. Gohn and A. Fox, presented by Mr. Gohn.”° 

The Effect of Specimen Geometry on Determi- 
nation of Elongation in Sheet Tension Speci- 
mens—E, B. Kula and N. H. Fahey, presented 
by Mr. Kula.” 


2 Published in Materials Research & Standards, 

Vol. 1, No. 12, p. 957, Dee., 1961. 
21 Published in Materials Research & Standards, 
Vol. 1, No.8, p.631,Aug.,,1961, 


Wel 


THIRTY-FIRST SESSION—SESSION ON GENERAL TESTI 
THURSDAY, JuNE 29, 9:30 a.m. 


Session CHAIRMAN: VicE-PResipeNT-ELEcT A. C. WEBBER 


The Effect of Section Size on the Notch Strength 
and Fracture Development in Selected Struc- 
tural Metals—E. P. Klier and Volker Weiss, 
presented by Mr. Klier. 

Potential Heat: A Method for Measuring the 
Heat Release of Materials in Building Fires— 
J. J. Loftus, D. Gross, and A. F. Robertson, 
presented by Mr. Loftus. 

A Method for Determining the Plastic Flow 
Properties of Sheet and Round Tension Speci- 
mens—John Nunes and F. R. Larson, pre- 
sented by Mr. Nunes. 
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CHEMICAL AND MECHANICAL PROPERTIES OF ASBESTOS-CEMENT PIPE” 


THuRSDAY, JUNE 29, 9:30 a.m. 


The following papers were presented at an informal 
session sponsored by Committee C-17 on Asbestos-Cement 
Products. 


The Behavior of Normal and Autoclave Cured 
Asbestos-Cement Pipe Under Various Sulfate 


To be published in Materials Research & 
Standards. 


SUMMARY OF PROCEEDINGS 


Conditions During Long-Term Field and Lab- 
oratory Test—L. R. Blair and Philip W. 
Manson. 

Preliminary Research Results of Chemical Tests 
and Mechanical Properties of Asbestos-Ce- 
ment Pipe—Paul Brennan and N. L. Mene- 
row. 

The Mechanism of Sulfate Attack on Portland 
Cement Paste—William Lerch. 


THIRTY-SECOND SESSION—COMMITTEE REPORT SESSION 


THURSDAY, JUNE 29, 11:30 a.m. 


SESSION CHAIRMAN: PRESIDENT A. A. BATES 


Committee C-2 on Magnesium Oxychloride 
and Magnesium Oxysulfate Cements: 
Report presented in the absence of the chair- 


man by R. E. Hess, ASTM Staff, and the follow- 
ing action taken: 


Adopted as Standard: 
Spec. for Oxychloride Magnesia (C 275 - 56 T) 


Committee C-3 on Non-Metallic Protective 
Materials: 
Report presented in the absence of the chair- 
man by R. E. Hess, ASTM Staff, and the fol- 
lowing actions taken: 


Accepted as Tentative: 


Spec. for Chemically Setting Silicate-Type 
Chemical-Resistant Mortars (C 466 - 61 T) 


Accepted as Tentative, Revisions in: 
Tests for Working and Initial Setting Times of 


Chemically Setting, Silicate-Type Chemical- 
Resistant Mortars (C 414 - 58 T) 


Adopted as Standard, Revisions in: 


Test for Tensile Strength of Resin-Type Chemi- 
cal-Resistant Mortars (C 307 — 55) 

Tests for Working and Setting Times of Resin- 
Type Chemical-Resistant Mortars (C 308- 
55) 


Committee D-7 on Wood: 


Report presented in the absence of the chair- 
man by R. E. Hess, ASTM Staff, and the fol- 
lowing actions taken: 


Accepted as Tentative: 


Spec. for Petroleum for Blending with Creosote 
(D 1859 - 61 T) 


Spec. for Creosote-Petroleum Solution (D 1858 - 
61 T) 

Test for Moisture and Creosote-Type Preserva- 
tive in Wood (D 1860-61 T) 


Accepted as Tentative, Revisions in: 


Spec. for Pressure Treatment of Timber Prod- 
ucts (D 1760 - 60 T) 

Spec. for Creosote - Coal Tar Solution (D 391 - 
53) (Standard reverted to tentative) 


Adopted as Standard: 


Spec. for Acid Copper Chromate (D 1624 - 59 T) 

Spec. for Chromated Copper Arsenate (D 1625 - 
59 T) 

Spec. for Chromated Zinc Arsenate (D 1626 - 
59 T) 

Methods for Chemical Analysis of Acid Copper 
Chromate (D 1627 — 59 T) 

Methods for Chemical Analysis of Chromated 
Copper Arsenate (D 1628 - 59 T) 

Methods for Chemical Analysis of Chromated 
Zinc Arsenate (D 1629-59 T) 

Method of Testing Wood Preservatives by Lab- 
oratory Soil-Block Cultures (D 1413 - 56 T) 


Standards Withdrawn: 
Methods of Chemical Analysis of Zinc Chloride 
(D 199 - 50) 
Spec. for Zinc Chloride (D 432 - 50) i. 
q 
Committee D-10 on Packaging: eo 
Report presented in the absence of the chair- 
man by R. E. Hess, ASTM Stafi, and the fol- 
lowing action taken subject to a favorable vote 
in the committee on the report: 
Adopted as Standard: 


Drop Test for Shipping Containers (D 775 - 
57 T) 
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Committee D-12 on Soaps and Other De- 
tergents: 


Report presented in the absence of the chair- 
man by R. E. Hess, ASTM Staff, and accepted 
as a report of progress. 


Committee D-13 on Textile Materials: 


Report presented by H. F. Schiefer, chair- 
man, and the following actions taken: 


Accepted for Publication as Information Only: 


Proposed Test for Length and Length Distribu- 
tion of Cotton Fibers by the Short Method 
Array 


Accepted as Tentative: 


Test for Dimensional Change in Woven and 
Knitted Textiles (Excluding Wool) (D 1905 - 
61 T) 

Test for Estimating Maturity and Weight per 
Unit Length of Cotton Fibers by the Causti- 
caire Method (D 2480 - 61 T) 

Test for Estimation of Effective Gage Lengths 
in Single Fibers Testing (D 1906 - 61 T) 

Test for Moisture Content and Moisture Regain 
of Lint Cotton and Seed Cotton (Oven 
Method) (D 2495 - 61 T) 

Test for pH of Aqueous Extracts of Wool and 
Similar Animal Fibers (D 2165 - 61 T) 

Test for Rapid Estimation of Staple Length of 
Wool Top (D 2142 - 61 T) 

Test for Yarn Number 
(D 1907 - 61 T) 

Test for Yarn Severance in Woven Fabrics 
(D 1908 - 61 T) 

Test for Colorfastness of Zipper Stringers to Dry 
Cleaning (D 2052 - 61 T) 

Test for Colorfastness of Zipper Tapes to Crock- 
ing (D 2054 - 61 T) 

Test for Colorfastness of Zipper Tapes to Per- 
spiration (D 2055 - 61 T) 

Test for Colorfastness of Zippers to Laundering 
(D 2051 - 61 T) 

Test for Colorfastness of Zippers to Light 
(D 2053 - 61 T) 

Test for Durability of Finish of Zippers to Dry 
Cleaning (D 2058 - 61 T) 

Test for Durability of Finish of Zippers to 
Laundering (D 2057 - 61 T) 

Methods for Measuring Zippers (D 2060 - 61 T) 

Test for Operability of Zippers (D 2062 - 61 T) 

Test for Resistance of Finish of Zippers to Dry 
Abrasion (D 2056 - 61 T) 

Test for Resistance of Zippers to Salt Fog 
(D 2059 - 61 T) 

Methods for Strength Tests of Zippers (D 2061- 
61 T) 

Def. of Terms Relating to Zippers (D 2050 - 

61 T) 


(Skein Method) 
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Listing of Commercial Moisture Regains for 
Textile Fibers (D 1909-61 T) 

Rec. Practice for Establishment of Standard 
Moisture Content for Wool and Its Products 
(D 2118 - 61 T) 


Accepted as Tentative, Revisions in: 


Methods of Testing and Tolerances for Cotton 
Yarns (D 180 - 57 T) 

Methods for Identification of Fibers in Textiles 
(D 276 - 60 T) 

Test for Abrasion Resistance of Textile Fabrics 
(D 1175 - 55 T) 

Test for Average Fiber Diameter of Wool Tops, 
Card Sliver, and Scoured Wool by Micronaire 
Method (D 1282 - 57 T) 

Methods of Testing Tufted Pile Floor Coverings 
(D 1486 - 57 T) 

Methods of Testing and Tolerances for Yarns 
Containing Wool (D 1285 - 58 T) 

Methods of Testing Spun and Filament Yarns 
Made Wholly or in Part of Man-Made Or- 
ganic Base Fibers (D 1380 - 57 T) 

Test for Elastic Properties of Uncrimped Fibers 
(D 1774 - 60 T) 

Method of Conditioning Textiles and Textile 
Products for Testing (D 1776 - 60 T) 

Def. of Terms Relating to Textile Materials 
(D 123 - 60) 

Adopted as Standard: 

Test for Diameter of Wool and Mohair Fibers 
by Microprojection (D 2130-61) 

Rec. Practice for Lighting Cotton Classing 
Rooms for Color Grading (D 1684-59 T) 

Test for Heat Aging of Asbestos Textiles 
(D 1573 - 58 T) 

Test for Fiber Length of Wool (D 1575 - 58 T) 

Test for Flammability of Clothing Textiles 
(D 1230 - 52 T), as revised 


Adopted as Standard, Revisions in: 


General Methods of Textile Woven Fabrics 
(D 39 - 59): covering (1) adoption as stand- 
ard of tentative revisions of Sections 3 to 14 
and 17 and 18; and (2) immediate adoption 
of general revisions. 

Spec. and Test for Fineness of Wool (D 419 — 58) 

Methods of Testing Felt (D 461 - 59) 

Spec. and Test for Fineness of Wool Tops 
(D 472 - 56) 

Methods of Testing and Tolerances for Glass 
Yarns (D 578 - 58) 

Spec. and Test for Fineness of Mohair Tops 
(D 1381 - 59) 

Committee D-13 withdrew from the pre- 
printed report recommendations for the revision 
of Tentative Method of Test D 39 - 59 T; revi- 
sion of Tentative Methods of Test D 1175-55 T 
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covering the addition of new Sections 35 to 41 
on the accelerator abrasion tester; tentative 
revision of Standard Definitions D 123-60 
covering the deletion of the definition for “Condi- 
tion, Standard” in Part A; and the revision for 
immediate adoption of Standard Specifications 
D 1114-51. 


Committee E-1 on Methods of Testing: 


Report presented in the absence of the chair- 
man by W. J. McCoy, vice-chairman, and the 
following actions taken: 


Accepted as Tentative, Revisions in: 
Spec. for ASTM Thermometers (E 1 - 60) (This 
recommendation, covering the addition of two 
_ new Saybolt Furol Viscosity Thermometers, 
108 F and 109 F was inadvertently listed in 
_ the preprinted report as a new tentative.) 
Methods of Verification of Testing Machines 
(E 4-60 T) 
Spec. for ASTM Hydrometers (E 100 - 59 T) 


Adopted as Standard: 

Def. of Terms Relating to Methods of Mechani- 
cal Testing (E 6-60 T) 

Method for Determination of Young’s Modulus 
at Room Temperature (E 111-59 T), as re- 
vised 

Test for Indentation Hardness of Metallic Ma- 
terials by Portable Hardness Testers (E 110- 
55 T), as revised 

Method for Determination of Shear Modulus at 
Room Temperature (E 143 - 59 T), as revised 

Methods of Compression Testing of Metallic 
Materials (E 9 - 59 T) 

Test for Brinell Hardness of Metallic Materials 
(E 10 - 60 T) 


PROCEEDINGS 


Spec. for Sieves for Testing Purposes (Wire 
Cloth Sieves, Round-Hole and Square-Hole 
Screens or Sieves) (E 11 - 60 T) 

Test for Rockwell Hardness and Rockwell Super- 
ficial Hardness of Metallic Materials (E 18 - 
60 T) 

Method of Rapid Indentation Hardness Testing 
of Metallic Materials (E 103 - 60 T) 

Specs. for Weighing and Drying Apparatus for 
Microchemical Analysis (E 124 - 57 T) 

Test for Maximum Pore Diameter and Permea- 
bility of Rigid Porous Filters for Laboratory 
Use (E 128 - 57 T) 

Method for Determination of Poisson’s Ratio at 
Room Temperature (E 132 - 58 T) 

Specs. for Apparatus for Microdetermination of 
Nitrogen by Kjeldahl Method (E 147 - 59 T) 

Specs. for Apparatus for Microdetermination of 
Nitrogen by Dumas Method (E 148 - 59 T) 


Adopted as Standard, Revisions in: 


Specifications for ASTM Thermometers (E 1- 
60): covering (1) adoption as standard of 
the tentative revision comprising twelve kine- 
matic viscosity thermometer specifications; 
and (2) immediate adoption of revisions of 
Thermometers 9 C and 10 C in Table I. 


Committee E-12 on Appearance: 

Report presented by G. W. Ingle, chairman, 
and the following action taken: 
Accepted as Tentative: 


Rec. Practice for Selection of Geometric Condi- 
tions for Measurement of Reflectance and 
Transmittance (E 179 - 61 T) 


THIRTY-THIRD SESSION—SYMPOSIUM ON EROSION AND CAVITATION® 
THurRSDAY, JuNE 29, 2:00 p.m. 
SEssION CHAIRMAN: R. E. PETERSON 


Cavitation in Hydraulic Turbines—W. J. Rhein- 
gans, presented by the author. 

Liquid Drop Collisions—Olive Engel, presented 
by the author. 

Erosion by Liquid Impact—S. M. DeCorso and 
R. E. Kothmann, presented by Mr. DeCorso. 


% Issued as ASTM STP No. 307. 


Accelerated Cavitation Erosion and Sand Ero- 
sion—W. C. Leith and W. S. MclIlquham, 
presented by Mr. MclIlquham. 

Erosion by Solid Particles in a Fluid Stream— 
Iain Finnie, presented by the author. 

The Mechanism of the Deformation of Solids by 
the Impact of Liquids at High Speeds—J. H. 
Brunton, presented by S. M. DeCorso. 


PANEL DISCUSSION ON THE EFFECT ON MATERIALS OF NATURALLY OCCURRING SPACE RADIATION™ 


THURSDAY, JUNE 29, 2:00 P.M. 


A task group was appointed in 1960 by Committee E-10 on Radioisotopes and Radiation Effects to investigate this 
subject. There was an extensive report of this investigation as well as discussion. 


Sp 


24'To be published as a special technical publication. 
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Some Effects of Section Size and Testing Condi- 
tion on the Tensile Properties of Zircaloy 2 
at 600 F—S. L. Ames, presented by the au- 
thor. 

Room-Temperature Creep Rate of Molybdenum 
and Effect of Strain Rate on the Tensile Prop- 


SIXTY-FOURTH ANNUAL MEETING 


THURSDAY, JUNE 29, 2:30 p.m. 


SEssION CHAIRMAN: 


THIRTY-FOURTH SESSION—SESSION ON NON-FERROUS METALS 


erties of Molybdenum—R. Q. Barr, M. Sem 
chyshen, and G. A. Timmons, presented by 
Mr. Semchyshen. 
Tensile Strength- Hardness Correlation for 
Titanium Alloys—C. F. Hickey, Jr., sind 


by the author. fo! 


THIRTY-FIFTH SESSION—COMMITTEE REPORT SESSION 
& 9 


THURSDAY, JUNE 29, 4:30 P.M. 


SESSION CHAIRMAN: 


A 
Committee A-3 on Cast Iron: 


Report presented by R. A. Clark, chairman, 
and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Gray Iron Castings for Pressure-Con- 
taining Parts for Temperatures Up to 650 F 
(A 278 - 59 T) 

Spec. for Austenitic Gray Iron Castings (A 436 - 
59 T) 

Spec. for Gray Iron Castings for Valves, Flanges, 
and Pipe Fittings (A 126-42) (Standard re- 
verted to tentative) 


Adopted as Standard: 


Spec. for Cast Iron Culvert Pipe (A 142 - 59 T) 

Spec. for Cast Nodular Iron for Pressure Con- 
taining Parts for Use at Elevated Tempera- 
tures (A 395 56 T) 


Standards Withdrawn: 


Spec. for Lightweight and Thin-Section Gray 
Iron Castings (A 190 - 47) 
Def. of Terms Relating to Cast Iron (A 196 - 47) 


= 


Committee A-6 on Magnetic Properties: 
Report presented by A. C. Bailer, chairman, 
and accepted as a report of progress. 


Committee B-7 on Light Metals and Alloys, 
Cast and Wrought: 
Report presented by R. A. Harris, chairman, 
and the following actions taken: 
Accepted as Tentative: 


Spec. for Aluminum Foil for Capacitors (B 373 - 
61 T) 


F.W. 
ary 
Accepted as Tentative, Revisions in: 

Spec. for Factory Made Wrought Aluminum 


and Aluminum-Alloy Welding Jittings 
(B 361 - 60 T) 

Adopted as Standard: 

Spec. for Aluminum-Alloy Drawn Seamless 


Coiled Tubes for Special Purpose Applications 
(B 307 - 60 T) 

Spec. for Aluminum-Alloy Sheet and Plate 
(B 209 - 60 T) 

Spec. for Aluminum-Alloy Drawn Seamless 
Tubes (B 210 - 60 T) 

Spec. for Aluminum-Alloy Bars, Rods, and Wire 
(B 211 - 60 T) 

Spec. for Aluminum-Alloy Extruded Bars, Rods, 
and Shapes (B 221 — 60 T) 

Spec. for Aluminum-Alloy Drawn Seamless 
Tubes for Condensers and Heat Exchangers 
(B 234 - 60 T) 

Spec. for Aluminum Alloy Extruded Tubes 
(B 235 - 60 T) 

Spec. for Aluminum Bars for Electrical Purposes 
(Bus Bars) (B 236 - 59 T) 

Spec. for Aluminum-Alloy Pipe (B 241 - 60 T) 

Spec. for Aluminum-Alloy Die Forgings (B 247 - 
60 T) 

Spec. for Aluminum-Alloy Standard Structural 
Shapes, Rolled or Extruded (B 308 - 60 T) 
Spec. for Aluminum-Alloy Round Welded Tubes 

(B 313 - 60 T) 

Spec. for Aluminum-Alloy Rivet and Cold Head- 
ing Wire and Rods (B 316 - 60 T) 

Spec. for Extruded Aluminum-Alloy Bar, Rod, 
Pipe, and Structural Shapes for Electrical 
Purposes (B 317 - 60 T) 

Spec. for Type A and Type B Aluminum-Alloy 
Drawn Annealed Seamless Coiled ‘Tubes 
(B 318 - 60 T) 
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Spec. for Aluminum-Allvy Pipe for Gas and Oil 
Transmission and Distribution Piping Sys- 
tems (B 345 - 60 T) 


Adopted as Standard, Revisions in: 

Spec. for Magnesium-Base Alloy Sand Castings 
(B 80 - 59) 

Spec. for Magnesium-Base Alloy Sheet and 
Plate (B 90 — 60) 

Spec. for Magnesium Ingot and Stick for Re- 
melting (B 92 - 60) 

Spec. for Magnesium-Base Alloy Bars, Rods, and 
Shapes (B 107 — 60) 

Spec. for Aluminum-Base Alloys in Ingot Form 
for Sand Castings, Die Castings, and Perma- 
nent Mold Castings (B 179 - 60) 

Rec. Practice for Codification of Light Metals 
and Alloys, Cast and Wrought (B 275 - 59), 
with the following additional changes: 

2. Basis of Codification.—(a) The designa- 
tions for alloys and unalloyed metals are based 
on their chemical composition limits (Note 1). 

(6) Designations are assigned, revised, and 
cancelled by Subcommittee VII of ASTM 
Committee B-7 on Light Metals and Alloys, 
Cast and Wrought, on written request to its 
secretary. Complete chemical composition lim- 
its shall be submitted with requests for assign- 
ment or revision of designations. Arbitrary 
assignments by other subcommittees or com- 
mittees will not be recognized. 

(c) The temper designation, which is used 
for all metal forms except ingot, follows the 
alloy designation and is separated therefrom 
by a dash. 

Delete Footnote 3. 

Rec. Practice for Temper Designation of Light 
Metals and Alloys, Cast and Wrought (B 296 - 
56) 


Committee C-15 on Manufactured Masonry 
Units: 


Report presented in the absence of the chair- 
man by S. F. Etris, ASTM Staff, and the follow- 
ing action taken: 


Accepted as Tentative, Revisions in: 

Specs. for Ceramic Glazed Structural Clay Fac- 
ing Tile, Facing Brick, and Solid Masonry 
Units (C 126 - 60 T) 

Committee C-17 on Asbestos-Cement Prod- 
ucts: 

Report presented by W. V. Friedlaender, 
chairman, and the following actions taken: 

Adopted as Standard: 


Spec. and Tests for Corrugated Asbestos-Cement 
Sheets (C 221 - 58 T) 


PROCEEDINGS 


Adopted as Standard, Revisions in: 
Spec. for Flat Asbestos-Cement Sheets (C 220 - 
60) 


The committee withdrew from the preprinted 
report the recommendations for publication as 
tentative of Methods of Testing Asbestos-Ce- 
ment Pipe, and revisions of Tentative Specifica- 
tion and Tests for Asbestos-Cement Pressure 
Pipe (C 296 - 59 T) and Tentative Specification 
and Tests for Asbestos-Cement Non-Pressure 
Sewer Pipe (C 428 - 59 T). 


Committee D-6 on Paper and Paper Prod- 
ucts: 


Report presented by H. A. Birdsall, chairman, 
and the following actions taken: 


Adopted as Standard, Revisions in: 


Test for Reducible Sulfur in Paper (D 984 - 57) 
Method of Static Bending Test for Corrugated 

Paperboard (D 1098 - 52) 

The committee withdrew from the preprinted 
report the recommendations for the revision of 
Standard Method of Test for Moisture in Paper, 
Paperboard, and Paperboard and Fiberboard 
Containers (D 644-55), the reapproval of 
Standard Methods D527-41, D 589-44, 
D 643 - 43, D 722-45, D 724-45, D 725-55, 
D 776 - 46, D 825-54, D 826-47, D 827 - 47, 
D 829-48 and D722-45, the continuation 
without revision of Tentative Methods D 987 - 
48 T, and the editorial change relating to all 
chemical methods containing a section on Re- 
agents. 


Committee D-14 on Adhesives: 


Report presented in the absence of the chair- 
man by S. F. Etris, ASTM Staff, and the fol- 
lowing actionstaken: 


Test for Permanence of Adhesive- Bonded Joints 
in Plywood Under Mold Conditions (D 1877 - 
61 T) 

Test for Peel Resistance of Adhesives (T-Peel 
Test) (D 1876 - 61 T) 

Test for Density of Adhesives in Fluid Form 
(D 1875 - 61 T) 

Test for Pressure-Sensitive Tack of Adhesives 
(D 1878 - 61 T) 

Spec. for Water- or Solvent-Soluble Liquid Ad- 
hesives for Automatic Machine Sealing of Top 
Flaps of Fiberboard Shipping Cases (D 1874 - 
61 T) 

Rec. Practice for Exposure of Adhesive Speci- 
mens to High-Energy Radiation (D 1879- 
61 T) 
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Accepted as Tentative, Revisions in: 


Tests for Resistance of Adhesives for Wood to 
Cyclic Laboratory Aging Conditions (D 1183 - 
55 T) 

Def. of Terms Relating to Adhesives (D 907 - 
60) 


Adopted as Standard: 


Test for Measuring the Hydrogen Ion Concen- 
tration of Dry Adhesive Film (D 1583 - 58 T) 

Test for Effect of Moisture and Temperature on 
Adhesive Bonds (D 1151 - 58 T) 


Committee D-16 on Industrial Aromatic 
Hydrocarbons and Related Materials: 


Report presented by W. E. Sisco, chairman, 
and the following actions taken: 


Accepted for Publication as Information Only: 


Proposed Test for Aldehydes in Styrene Mon- 
omer 

Proposed Test for Solubility of Styrene Polymer 

Proposed Test for Inhibitor, 4-Tert-Butyl- 
catechol in Styrene Monomer 

Proposed Test for Polymer Content of Styrene 
Monomer 


Accepted as Tentative, Revisions in: 


Test for Traces of Thiophene in Benzene Using 
Isatin and Spectrophotometry (D 1685 - 
59 T) 


Adopted as Standard: 


Test for Color of Solid Aromatic Hydrocarbons 
and Related Materials in the Molten State 
(Platinum-Cobalt Scale) (D 1686 - 59 T) 


Committee D-20 on Plastics: 


Report presented by J. B. DeCoste, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Spec. for Styrene-Butadiene Molding and Ex- 
trusion Materials (D 1892 - 61 T) 

Test for Blocking of Plastic Film (D 1893 - 61 T) 

Test for Coefficients of Friction of Plastic Film 
(D 1894 - 61 T) 

Test for Apparent Density, Bulk Factor, and 
Pourability of Plastic Materials (D 1895 - 
61 T) 

Rec. Practice for Transfer Molding of Thermo- 
setting Materials (D 1896 - 61 T) 

Rec. Practice for Injection Molding of Speci- 
mens of Polystyrene Molding and Extrusion 
Materials (D 1897 - 61 T) 

Rec. Practice for Sampling of Plastics (D 1898 - 


| 


Test for Elevated Temperature Aging Using a 
Tubular Oven (D 1870 - 61 T). (This test was 
prepared jointly by Committees D-11 on 
Rubber and D-20 on Plastics and was ap- 
pended to the D-11 Report. While the D-20 
Report carried no recommendation for its 
publication as tentative, Committee D-20 has 
approved the recommendation.) 

Methods of Testing Molding Powders Used in 
Manufacturing Molded Electrical Insulators 
(D 392 - 38) (Standard reverted to tentative 
without change) 

Test for Compressive Properties of Rigid Plas- 
tics (D 695 - 54) (Standard reverted to ten- 
tative without change) 

Test for Luminous Reflectance, Transmittance, 
and Color of Materials (D 791-54) (Stand- 
ard reverted to tentative without change) i? 


Accepted as Tentative, Revisions in: ba 


Spec. for Cellulose Acetate Molding and Extru- 
sion Compounds (D 706 - 55 T) 

Spec. for Cellulose Acetate Butyrate Molding 
and Extrusion Compounds (D 707 - 55 T) 
Spec. for Nylon Injection Molding and Extru- 

sion Materials (D 789 - 59 T) 

Test for Stiffness in Flexure of Plastics (D 747 - 
58 T) 

Methods of Testing Urethane Foam Raw Mate- 
tials (D 1638 - 60 T) 

Def. of Terms Relating to Plastics (D 883 - 
60 T) 

Spec. for Molds for Test Specimens of Plastic 
Molding Materials (D 647 - 57) 

Test for Stiffness Properties of Nonrigid Plastics 
as a Function of Temperature by Means of a 
Torsional Test (D 1043-51) (Standard re- 
verted to tentative) 

Rec. Practice for Molding Test Specimens of 
Phenolic Materials (D 796-51) (Standard 
reverted to tentative) 


Adopted as Standard: 


Test for Flammability of Plastics 0.050 in. and 
Under in Thickness (D 568 - 56 T) 

Test for Flexural Properties of Plastics (D 790 - 
59 T) 

Test for Ammonia in Phenol-Formaldehyde 
Molded Materials (D 834 - 59 T) 

Test for Haze and Luminous Transmittance of 
Transparent Plastics (D 1003 - 59 T) 

Test for Tear Resistance of Plastic Film and 
Sheeting (D 1004 - 59 T) 

Test for Orientation Release Stress of Plastic 
Sheeting (D 1504 - 57 T) 

Test for Dilute Solution Viscosity of Ethylene 
Polymers (D 1601 - 59 T) 

Test for Tensile Heat Distortion Temperature 
of Plastic Sheeting (D 1637 — 59 T) 
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Test for Indentation Hardness of Plastics by 
Means of a Durometer (D 1706 - 59 T) 

Test for Particle Size Analysis of Powdered 
Polymers and Copolymers of Vinyl Chloride 
(D 1705 - 59 T) 

for Extruded Acrylic Plastic Sheet 
(D 1547 - 59 T) 

Spec. for Nonrigid Viny] Chloride Plastic Sheet- 

ing (D 1593 - 58 T) 


Adopted as Standard, Revisions in: 

Methods of Conditioning Plastics and Electrical 
Insulating Materials for Testing (D 618 — 58) 
(Jointly with Committee D-9) covering (1) 
adoption as standard of tentative revisions 
issued in 1959; and (2) immediate adoption 
of revisions of Section 3(d) 


Standard Withdrawn: 
Method for Estimating Blocking of Plastic 

Sheets (D 884 — 48) 

The committee withdrew from the pre- 
printed report the recommendation for adoption 
as standard of Tentative Method of Test for 
Brittleness Temperature of Plastics and Elas- 
tomers by Impact (D 746-57 T) 


Committee D-25 on Casein and Similar 
Protein Materials: 
Report presented in the absence of the chair- 
man by S. F. Etris, ASTM Staff, and accepted 
as a report of progress. 


PROCEEDINGS 


Committee E-10 on Radioisotopes and Ra- 
diation Effects: 


Report presented in the absence of the chair- 
man by G. W. Pomeroy, vice-chairman, and the 
following actions taken: ah 

Accepted as Tentative: 

General Methods for Analysis of Radioisotopes 
(E 181 - 61 T) 

Methods for Analysis of Phosphorus-32 (E 182 - 
61 T) 

Rec. Practice for Determining Changes in 
Chemical Reactivity of Inorganic Materials 
Exposed to High-Energy Radiation (E 183 - 
61 T) 

Rec. Practice for Effect of High-Energy Radia- 
tion on the Tensile and Impact Properties of 
Metallic Materials (E 184 - 61 T) 

Rec. Practice for Surveillance Tests on Struc- 
tural Materials in Nuclear Reactors (E 185- 
61 T) 


Committee F-2 on Flexible Barrier Mate- 
rials: 


Report presented in the absence of the chair- 
man by S. F. Etris, ASTM Staff, and the follow- 
ing action taken: 

Accepted as Tentative: 


Def. of Terms Relating to Flexible Barrier Mate- 
rials (F 17 - 61 T) 


re 


TuurspDay, JuNE 29, 8:00 P.M. 


_ THIRTY-SIXTH SESSION—SESSION ON CEMENT 


SEssION CHAIRMAN: W. S. WEAVER 


Investigation of Concrete Materials for a Major 
Project in Western Canada—G. C. Price, pre- 
sented by the author. 

Improved Adiabatic Calorimeter for Concrete— 
David Pirtz, presented by the author.*5 

The Mechanism of Grinding Aids—F. J. Mar- 
dulier, presented by the author. 


% Published in Materials Research & Stand- 
ards, Vol. 2, No. 1, Jan., 1962. 


Significance of Selected ASTM C-1 Tests: 

Discussion of Tentative Methods of Test for 
False Set of Portland Cement—W. C. 
Hansen, presented by the author. 

Significance of Test for Calcium Sulfate in 
Hydrated Portland Cement Mortar—T. B. 
Kennedy, presented by the author. 

Significance of Tests for Sulfate Resistance— 
William Lerch, presented by the author. 

Flexural Strength of Hydraulic Cement Mor- 
tars—M. A. Swayze, presented by J. L. 
Sawyer. 


PANEL Discussion ON District ACTIVITIES 


THURSDAY, 29, 8:00 P.M. 


The Administrative Committee on District Activities sponsored an open panel discussion on district activities. The 
topics covered included discussion of revised district charter and manual, programs for districts, and student award pro- 
grams. All officers and members of district councils and all others interested in district affairs were invited to attend. 
This program is part of the effort of ACDA to stimulate greater and more effective district activities. 
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THIRTY-SEVENTH SESSION—SESSION ON ROAD AND PAVING MATERIALS* 
Tuurspay, JuNE 29, 8:00 


SEss1on CHAIRMAN: J. O. IzatT 


A Laboratory-Field Study of Hot Asphaltic 
Concrete Wearing Course Mixtures—J. F. 
Goode, presented by the author. 

Significance of Variation of Bitumen Content of 


26 The Session on Road and Paving Materials 
and the Symposium on Microviscometry were 
published as Papers on Road and Paving Mate- 
rials and Symposium on Microviscometry, ASTM 
STP No. 309. 
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Paving Mixtures—J. H. Keyser and N. G. 
Gaudette, presented by Mr. Keyser. : 

Immediate Core Volume by Presaturation—L. 
E. Santucci and R. J. Schmidt, presented by 
R. S. Winniford. 

Air Permeability of Asphalt Concrete—T. C. 
Hein and R. J. Schmidt, presented by R. S. 
Winniford. 

Measurement of Asphalt Viscosity with a Vac- 
uum Capillary Viscometer—J. J. Heithaus, — 
presented by the author. 


THIRTY-EIGHTH SESSION—SYMPOSIUM ON IMPURITIES IN STEAM 
TuHuRSDAY, JUNE 29, 8:00 p.m. 


SEssION CHAIRMAN: J. K. RICE 


Introduction by J. K. Rice. 

The Stoichiometry of the Vaporous Carry-over 
of Sodium Chloride from High-Pressure Boiler 
Water (ASTM-Sponsored Research Report) — 
M. M. Rubright, presented by the author. 

The Prevention of Errors in Steam Purity Meas- 
urement Caused by Deposition of Impurities 


in Sampling Lines—R. V. Cobb and E. E. 
Coulter, presented by Mr. Cobb. 

Impurities in Steam from High-Pressure Boilers 
—R. C. Ulmer and H. A. Klein, presented by _ 
Mr. Klein. 

Summary by F. E. Clarke. 


PAPERS—PANEL DISCUSSION ON TRANSIENT TEMPERATURE MEASUREMENTS WITH 
THERMOCOUPLES IN MISSILE AND SPACE APPLICATION 


THuRSDAY, JuNE 29, 8:00 p.m. 


_ The following papers were presented at an informal 
session sponsored by Subcommittee 32 on Thermocouples 
for Temperature Measurement of Committee E 1 on Meth- 
ods of Testing. 


Temperature Determination on the Pershing 
Missile—D. Booker, P. Moran, and R. 
Ahearn. 


Spring-Loaded Thermocouple Probes and Tran- 
sient Temperatures—P. M. Hahn.’ 
Panel Discussion: 
Panel Members: J. W. Freeman, University 
ods A. I. Dahl, General Electric 
Cc 


E. Evans, Boeing Co. 


27To be published in Materials Research & 
Standards. 


THIRTY-NINTH SESSION—SYMPOSIUM ON MICROVISCOMETRY* 


Fray, June 30, 9:30 a.m. 


SEssION CHAIRMAN: A. B. CORNTHWAITE 


Measurement of Consistency of Paving Cements 
at 140 F with the Sliding Plate Microviscom- 
eter—D. F. Fink and R. L. Griffin, presented 
by Mr. Fink. 

The Precision of Measurements with the Sliding 
Plate Microviscometer—D. F. Fink and J. J. 
Heithaus, presented by Mr. Heithaus. 

The Rheology of Asphalt-Filler Systems as 


Shown by the Microviscometer—R. S. Winni- 
ford, presented by the author. 
The Effects of Viscosity in Hot Mix Construc- 
tion—Verdi Adam, presented by J. O. Izatt. 
Changes in Asphalt Viscosities During the Thin- 
Film Oven and Microfilm Durability Tests— 
W. J. Halstead and ciartiiy Zenewitz, presented 


by Mr. Halstead. 
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Frmay, June 30, 12:30 p.m. 


Committee D-2 on Petroleum Products and 
Lubricants: 


Report presented by H. M. Smith, chairman, 
and the following actions taken: 


Accepted for Publication as Information Only: 


Proposed Method of Test for Separation of 
Tetraethyllead and Tetramethyllead in Gaso- 
line 

Proposed Method of Test for Residues in Lique- 
fied Petroleum (LP) Gases (End Point Index 
Method) 

Proposed List of Methods for Use in Specifica- 
tions of Commercial Butane-Butene Mixtures 

Proposed Method of Test for Knock Character- 
istics of Motor Fuels by Research Method 
Equipped with a Split-Head Cylinder Engine 

Proposed Method of Sampling Turbine Engine 
Fuel for Cleanliness Evaluation 

Proposed Method of Test for Barium, Calcium, 
and Zinc in Lubricating Oils and Additives 
(Complexometric Titration) 

Proposed Method of Test for Hydrocarbon 
Types in Low-Olefinic Gasolines by Mass 
Spectroscopy 

Proposed Method of Test for Hydrocarbon 
Types in Olefinic Gasolines by Mass Spec- 
trometry 

Proposed Centrifuge Method for Preparing 
Specimen Grids for Use in the Study of Diesel 
Fuels by Electron Microscopy 

Proposed Method of Test for Solid Point of 
Aviation Turbine Fuels 

Proposed Method of Test for Vapor Pressure of 
Petroleum Products (Micro Method) 

Proposed Method of Test for Shear Stability of 
Polymer-Thickened Oils 

Proposed Method of Test for Knock Character- 
istics of Motor Fuels: by the 1170 Severity 
Method 


Accepted as Tentative: 


Spec. for Commercial Hexanes (D 1836-61 T) 

Specs. for Liquefied Petroleum (LP) Gases 
(D 1835 - 61 T) 

Method of Test for Volatility of Liquefied Petro- 
leum (LP) Gases (D 1837 - 61 T) 

Test for Copper Strip Corrosion by Liquefied 
Petroleum (LP) Gases (D 1838 - 61 T) 

Test for Roll Stability of Lubricating Grease 
(D 1831 - 61 T) 

Test for Peroxide Number of Petroleum Wax 

7 (Peroxide Method) (D 1832 - 61 T) 


SUMMARY OF PROCEEDINGS 


FORTIETH SESSION—COMMITTEE REPORT SESSION Pray 


SESSION CHAIRMAN: J. B. RATHER 


Test for Odor of Petroleum Wax (D 1833 - 61 T) 

Test for 20-deg Specular Gloss of Waxed Paper 
(D 1834 - 61 T) 

Test for Amy] Nitrate in Diesel Fuels (D 1839 - 
61 T) 

Test for Naphthalene Hydrocarbons in Aviation 
Turbine Fuels by Ultraviolet Spectrophotom- 
etry (D 1840 - 61 T) 

Test for Oxygen in Light Hydrocarbon Vapors 
(D 1021 - 55) (Standard reverted to tentative 
without change) 


The committee submitted for publication as 
information the following five methods which 
did not appear in the report as preprinted: 


Proposed Method of Analysis of Natural Gas by 
Gas Chromatography 
Proposed Rapid Method of Test for Oxidation 
Stability of Steam Turbine Oils 
Proposed Method for Accelerated Stability Test 
for Distillate Fuel Oil 
Proposed Method of Test for Particulate Matter 
in Aviation Turbine Fuels 
Three Proposed Methods for Analysis of Rubber 
Extender Oils and Results of Cross-Test Pro- 
gram (Comparison of Methods by Joint 
ASTM Committees D-2 and D-11 Subcom- 
mittee on Rubber Extender and Process Oils): 
Method I. Chromatographic Analysis of 
Petroleum Oils 
Method II. Modified Rostler-Sternberg 
Method for Composition of Petroleum 
Oils 
Method III. Clay-Gel Adsorption Chro- 
matographic Method for Characteristic 
Groups in Rubber Extender Oils 


Accepted as Tentative, Revisions in: 

Test for Existent Gum in Fuels by Jet Evapora- 
tion (D 381 - 58 T) 

Spec. for Fuel Oils (D 396 - 60 T) 

Test for Unsulfonated Residue of Petroleum 
Plant Spray Oils (D 483 - 60 T) 

Test for Ignition Quality of Diesel Fuels by the 
Cetane Method (D 613 - 59 T) 

Test for Hydrocarbon Types in Liquid Petro- 
leum Products by Fluorescent Indicator Ad- 
sorption (D 1319 - 60 T) 

Test for Needle Penetration of Petroleum Waxes 
(D 1321 - 60 T) 

Test for Estimation of Net Heat of Combustion 
of Liquid Petroleum Products (D 1405 - 57 T) 

Spec. for Aviation Turbine Fuels (D 1655- 


59 T) i 
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Test for Knock Characteristics of Motor Fuels 
Above 100 Octane Number by the Research 
Method (D 1656 - 60 T) 

Test for Thermal Stability of Aviation Turbine 
Fuels (D 1660 - 60 T) 

) Method for Analysis of Commercial Butane- 

Butene Mixtures (Gas Chromatography) 


(D 1717 - 60 T) 
; Adopted as Standard: 
1 Test for Flash Point by Pensky-Martens Closed 
. Tester (D 93 — 58 T) 


Test for Bromine Number of Petroleum Dis- 
tillates by Electrometric Titration (D 1159 - 
59 T) 

Test for Distillation at Reduced Pressure of 
Petroleum Products (D 1160-57 T) 

5 Methods for Measurement of Refractive Index 

1 and Refractive Dispersion of Hydrocarbon 
Liquids (D 1218 — 52 T) 

Test for Leakage Tendencies of Automotive 

’ Wheel Bearing Greases (D 1263-53 T) 

Method of Sampling Petroleum and Petroleum 
Products (D 270 - 55 T, as revised 


t Adopted as Standard, Revisions in: 


Test for Flash Point by Tag Closed Tester 
(D 56-56) (Jointly with Committee D-1) 

. Test for Distillation of Petroleum Products 

4 (D 86 - 59) 

t Test for Precipitation Number of Lubricating 

4 Oils (D 91 - 52) 

3 Test for Water in Petroleum Products and Other 

f Bituminous Materials (D 95 - 58) (Approved 

subject to the concurrence of Committee 

D-4, which committee has joint jurisdiction)28 


; Methods of Analysis of Lubricating Grease 
(D 128 - 59) 
" Test for Conradson Carbon Residue of Petro- 
. leum Products (D 189 - 58) 
Def. of Terms Relating to Petroleum (D 288 - 
57) 
Test for Knock Characteristics of Motor Fuels 
- Below 100 Octane Number by the Motor 
Method (D 357 — 60) 
Test for Kinematic Viscosity (D 445 - 60) 
7 Test for Tetraethyllead in Gasoline (D 526 — 56) 
Test for Knock Characteristics of Motor Fuels 
e Below 100 Octane Number by the Research 
Method (D 908 - 60) 
i Test for Alpha Acetylenes in Light Hydrocar- 
. bons (D 1020 - 59) 
S % There has been no opportunity for this 
recommendation to receive consideration in 
2 Committee D-4 and accordingly it does not 
) appear on the Society letter ballot. This pro- 


posed revision, however, will be published as 
information in an Editorial Note at the end of 
Method D 95.—Eb. 
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Test for Mercaptan Sulfur in Aviation Turbine 
Fuels (Color-Indicator Method) (D 1219 - 56) 
Test for Tetraethyllead in Gasoline (Polaro- : 
graphic Method) (D 1269 - 58) ; 
Test for Mercaptan Sulfur in Aviation Turbine 
Fuels (Amperometric Method) (D 1323-56) 


Standard Withdrawn: 


Method of Analysis of 60 Octane Number Jso- 
octane - Normal Heptane ASTM Knock Test 
Reference Fuel Blends by Infrared Spectro- — 
photometry (D 1095 - 54) 
The committee withdrew from the preprinted _ 

report the recommendations for revision of Ten- 

tative Method of Test for Luminometer Num- 
bers of Aviation Turbine Fuels (D 1740-60 T), _ 
and the withdrawal of Standard Method of 

Test for Saponification Number by Potentio- | 

metric Titration (D 939 — 54) 

Accepted as Tentative: 


Test for Recovery of Asphalt from Solution by © 
Abson Method (D 1856 - 61 T) 
Methods of Testing Concrete Joint Sealers, Cold- 
Application Type (D 1851 - 61 T) 
Methods of Testing Jet-Fuel-Resistant Joint — 
Sealer for Concrete, Cold-Application Elastic 
Type (D 1853 - 61 T) 
Methods of Testing Jet-Fuel-Resistant Concrete 
Joint Sealer, Hot-Poured Elastic Type 
(D 1855 - 61 T) 
Specs. for Concrete Joint Sealer, Cold-Applica- 
tion Type (D 1850 - 61 T) 
Specs. for Jet-Fuel-Resistant Concrete Joint 


Committee D-4 on Road and Paving Mate- 
rials: 


Report presented by R. E. Bollen, chairman, 
and the following actions taken: 


Sealer, Cold-Application Elastic Type 
(D 1852 - 61 T) 
Specs. for Jet-Fuel-Resistant Concrete Joint 


Sealer, Hot-Poured Elastic Type (D 1854 - 
61 T) 


Accepted as Tentative, Revisions in: 


Spec. for Crushed Stone, Crushed Slag, and 
Gravel for Single or Multiple Bituminous 
Surface Treatments (D 1139 - 57 T) 

Methods of Testing Emulsified Asphalts 
(D 244 - 60) 

Test for Amount of Material Finer than No. 200 
Sieve in Aggregate (C 117 — 49) (Standard re- 
verted to tentative) (Jointly with Committee 
C-9) 


2 This proposed revision will be published as 
information in an Editorial Note at the end of 
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Test for Sieve Analysis of Fine and Coarse 
Aggregates (C 136-46) (Standard reverted to 
tentative) (Jointly with Committee C-9) 

Spec. for Bituminous Mixing Plant Require- 
ments (D 995 — 55) (Standard reverted to ten- 
tative) 


Adopted as Standard: 


Test for Vacuum Distillation of Liquid and Semi- 
Solid Asphaltic Materials to Obtain a Residue 
of Specified Penetration (D 1189-52 T) 

Test for Engler Specific Viscosity of Tar Prod- 
ucts (D 1665 — 59 T) 

Test for Penetration of Bituminous Materials 
(D 5-59 T) 


Standard Withdrawn: 


Test for Penetration of Bituminous Materials 
(D 5-52) 


Committee D-9 on Electrical Insulating 
Materials: 


Report presented in the absence of the chair- 
man by L. J. Timm, and the following actions 
taken: 


Accepted as Tentative: 


Method for Corona Measurement (D 1868 - 
61 T) 

Specs. for Copper-Clad Thermosetting Lami- 
nates for Printed Wiring (D 1867 - 61 T) with 
the addition to Table I of requirements for 
water absorption for thicknesses of #y in., 
ds in., 3s in. and } in. 


Accepted as Tentative, Revisions in: 


Spec. for Vulcanized Fibre Sheets, Rods, and 
Tubes Used for Electrical Insulation (D 710 - 
54 T) 

Methods of Testing Vitrified Ceramic Materials 
for Electrical Applications (D 116 - 60 T) 

Methods of Testing Sheet and Plate Materials 
Used for Electrical Insulation (D 229 - 58) 
(Standard reverted to tentative) 


Adopted as Standard: 


Spec. for Orange Shellac and Other Indian Lacs 
for Electrical Insulation (D 784 - 59 T) 

Spec. for Absorbent Laminating Paper for Elec- 
trical Insulation (D 1080 - 58 T) 

Test for High-Voltage, Low-Current Arc Resist- 
ance of Solid Electrical Insulating Materials 
(D 495 - 58 T) 

Methods of Testing Nonrigid Vinyl Chloride 
Polymer Tubing (D 876-60 T) 

Methods of Testing Pressure-Sensitive Adhesive 
Coated Tapes Used for Electrical Insulation 


Methods of Testing Hydrocarbon Waxes Used 
for Electrical Insulation (D 1168 - 58 T) 

Test for Dielectric Constant and Dissipation 
Factor of Polyethylene by Liquid Displace- 
ment Procedure (D 1531 - 59 T) 

Test for Dielectric Constant and Dissipation 
Factor of Expanded Cellular Plastics Used for 
Electrical Insulation (D 1673 - 59 T) 

Methods of Testing Polymerizable Embedding 
Compounds Used for Electrical Insulation 
(D 1674 - 59 T) 


Adopted as Standard, Revisions in: 


Methods of Conditioning Plastics and Electrical 
Insulating Materials for Testing (D 618 - 58) 
(Jointly with Committee D-20) covering (1) 
adoption as standard of tentative revisions 
issued in 1959; and (2) immediate adoption of 
revisions of Section 3(d) 

Test for Electrical Resistance of Insulating Ma- 
terials (D 257 — 58) 

Test for Dielectric Breakdown Voltage and Di- 
electric Strength of Electrical Insulating Ma- 
terials at Commercial Power Frequencies 
(D 149 - 59) 

Methods of Testing Varnished Cotton Fabrics 
and Varnished Cotton Fabric Tapes Used for 
Electrical Insulation (D 295 - 58) 

Methods of Testing Varnished Glass Fabrics 
and Varnished Glass Fabric Tapes Used for 
Electrical Insulation (D 902 — 56) 

Spec. for Nonrigid Vinyl] Plastic Tubing (D 922- 
59) 


Committee D-11 on Rubber and Rubber- 
like Materials: 


Report presented by Simon Collier, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Specs. for Rubber Rings for Asbestos-Cement 
Pipe (D 1869 - 61 T) 

Test for Elevated Temperature Aging Using a 
Tubular Oven (D 1870-61 T) (Jointly with 
Committee D-20) (A number of editorial 
changes were made in this method.) 

Test for Adhesion of Vulcanized Rubber to 
Single-Strand Wire (D 1871 - 61 T) 

Test for Free 2-Mercaptobenzothiazole in Benzo- 
thiazyl Disulfide Rubber Vulcanization Ac- 
celerator (D 1872 - 61 T) 

Test for Total 2-Mercaptobenzothiazole in Com- 
mercial Benzothiazyl Disulfide Rubber Vul- 
canization Accelerator (D 1873 - 61 T) 


*® It was recommended that this method be 
referred to Committee E-1 on Methods of Test- 
ing for review, particularly of the oven require- 


(D1000-61T) ments before publication—Ep. _ 
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Accepted as Tentative, Revisions in: 

Methods for Chemical Analysis of Rubber Prod- 
ucts (D 297 - 60 T) 

Spec. for Elastomer Compounds for Automotive 
Applications (D 735 - 60 T) 

Test for Compressibility and Recovery of Gasket 
Materials (D 1147 - 59 T) 

Methods for Chemical Analysis of Synthetic 
Elastomers (Solid Styrene-Butadiene Co- 
polymers) (D 1416 — 60 T) 

Rec. Practice for Nomenclature for Synthetic 
Elastomers and Latices (D 1418 - 58 T) 

Rec. Practice for Description of Types of Sty- 
rene-Butadiene Rubbers (SBR) and Butadiene 
Rubbers (BR) (D 1419 — 60a T) 

Spec. for Carbon Blacks Used in Rubber Prod- 
ucts (D 1765 - 60 T) (Jointly with Committee 
D-24) 


Adopted as Standard: 

Method of Measuring Low-Temperature Stiffen- 
ing of Rubber and Rubber-like Materials by 
Means of a Torsional Wire Apparatus 
(D 1053 - 58 T), as revised 

Test for Viscosity and Curing Characteristics of 
Rubber by the Shearing Disk Viscometer 
(D 1646-59 T), as revised 

Test for Abrasion Resistance of Rubber Soles 
and Heels (D 1630 - 59 T) 

Methods of Testing Adhesives for Brake Linings 
and Other Friction Materials (D 1205 — 59 T) 

Method for Strain Testing of Vulcanized Rubber 
(D 1456 - 57 T) 


Adopted as Standard, Revisions in: 
Test for Compression Set of Vulcanized Rubber 
(D 395 - 55) 

Test for Resistance to Surface Cracking of 
Stretched Rubber Compounds (D 518 — 60) 
Test for Accelerated Aging of Vulcanized Rubber 

by the Oxygen-Pressure Method (D 572 - 53) 
Test for Physical State of Cure of Vulcanized 
Rubber (T-50 Test) (D 599 — 55) 
Test for Weather Resistance Exposure of Auto- 
motive Rubber Compounds (D 1171 - 59) 
Methods of Testing Synthetic Rubber Latices 
(Styrene-Butadiene Copolymers) (D 1417 - 
59) 


The committee withdrew from the preprinted 
report the recommendations for revision of Ten- 
tative Methods for Chemical Analysis of Natural 
Rubber (D 1278-61 T), and the adoption as 
standard without revision of Tentative Methods 
of Test D471-59T, D1390-56T, and 
D 1415 - 56 T. 


Committee D-15 on Engine Antifreezes: 


Report presented by R. E. Vogel, chairman, 
and the following actions taken: 


Method of Glassware Test Tend- 
encies of Engine Antifreezes (D 1881 - 61 T) 

Test for Effect of Antifreeze Solutions on Or- 
ganic Finishes for Automotive Vehicles — 
(D 1882 - 61 T) 

Rec. Practice for Selection of Engine Antifreezes 
for Use in Automotive Cooling Systems, 
Ethylene Glycol and Methanol Types 
(D 1880 - 61 T) 


Accepted as Tentative, Revisions in: 

Method for Glassware Corrosion Test for Engine 
Antifreezes (D 1384 — 55 T) 

Adopted as Standard: 

Spec. for Hydrometer-Thermometer Field 
Tester for Engine Antifreezes (D 1124 - 58 T) 

Committee D-19 on Industrial Water: 


Report presented in the absence of the chair- 
man by P. J. Smith, ASTM Staff, and the fol- 


lowing actions taken ‘subject to a favorable vote a1 


of the committee on the report: 


Accepted as Tentative: 


Test for Acidity and Alkalinity of Industrial a ; 
Water (D 1884 - 61 T) 

Test for Chloride Ion in High-Purity Industrial 
Water (D 1885 — 61 T) 

Test for Nickel in Industrial Water (D 1886-_ 
61 T) 

Test for Suspended and Dissolved Solids in In- 
dustrial Water (D 1888 - 61 T) 

Test for Sodium in High-Purity Industrial Water 
by Flame Photometry (D 1887 - 61 T) 

Test for Turbidity of Industrial Water (D 1889 - 


61 T) 

Test for Hexane-Extractable Matter in - 
trial Waste Water (D 1891 - 61 T) a 

Method for Measurement of Beta Particle Ra- 
dioactivity of Industrial Water and Industrial 
Waste Water (D 1890-61 T) 


Accepted as Tentative, Revisions in: 


Tests for Iron in Industrial Water and Industrial 
Waste Water (D 1068 - 60 T) 

Test for Silica in High-Purity Water (D 1689 - 
59 T) 

Test for Odor in Industrial Water and Industrial 
Waste Water (D 1292 - 59 T) 


Adopted as Standard: 


Scheme for Analysis of Industrial Water and 
Industrial Waste Water (D 1256 - 59 T) 

Tests for Sodium and Potassium Ions in Indus- 

trial Water and Water-Formed Deposits by 
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Flame Photometry (PD 1428-56 T), with the 
deletion of the proposed Sections 13(b) and 
19(). 

Tests for Total Chromium in Industrial Water 
and Industrial Waste Water (D 1687 — 59 T) 

Method for Measurement of Gamma Radio- 
activity of Industrial Water and Industrial 
Waste Water (D 1690 - 59 T) 


Adopted as Standard, Revisions in: 

Def. of Terms Relating to Industrial Water and 
Industrial Waste Water (D 1129 — 60) 

Tests for Fluoride Ion in Industrial Water and 
Industrial Waste Water (D 1179 - 58) 


Tentaive Withdrawn: 

Tests for Acidity and Basicity (Alkalinity) in 
Industrial Water and Industrial Waste Water 
(D 1067 - 57 T) 


Standard Withdrawn: 


Tests for Suspended and Dissolved Matter 
(Suspended and Dissolved Solids) in Indus- 
trial Water and Industrial Waste Water 
(D 1069 — 58) 


Committee D-26 on Halogenated Organic 
Solvents: 
Report presented by W. D. McMaster, chair- 
man, and the following action taken: 
Accepted as Tentative: 
Test for Relative Evaporation Time of Halogen- 


PROCEEDINGS 


ated Hydrocarbons and Their Admixtures 
(D 1901 - 61 T) 


Committee D-27 on Electrical Insulating 
Liquids and Gases: 

Report presented in the absence of the chair- 
man by C, A. Johnson, secretary, and the fol- 
lowing actions taken: 

Accepted as Tentative: 

Test for Approximate Acidity and Polar Con- 
tamination in Used Mineral Transformer Oj] 
by Spot Tests (D 1902 - 61 T) 

Test for Coefficient of Thermal Expansion of 
Electrical Insulating Liquids of Petroleum 
Origin, and Askarels (D 1903 - 61 T) 

Test for Oxidation Characteristics of Mineral 
Transformer Oils (D 1904 - 61 T) 


Accepted as Tentative, Revisions in: 

Test for Approximate Acidity of Used Electrical 
Insulating Oil of Petroleum Origin (D 1534- 
58 T) 

Test for 2,6 Ditertiary-Butyl Para-Cresol in 
New Electrical Insulating Oils (D 1473 - 60) 
(Standard reverted to tentative) 

Adopted as Standard, Revisions in: 

Test for Water in Insulating Liquids (Karl 
Fischer Method) (D 1533 - 60) 


Tentative Withdrawn: 
Test for Free Chlorides in Askarels (D 1811 - 
60 T) 


-af 


Fray, June 30, 12:30 p.m. 


SESSION CHAIRMAN: 


Committee C-1 on Cement: 


Report presented in the absence of the chair- 
man by W. S. Weaver, vice-chairman, and the 


j 

Accepted as Tentative: 

Specs. for Processing Additions for Use in the 
Manufacture of Portland Cement (C 465 - 
61 T) 


Accepted as Tentative, Revisions in: 


Methods of Chemical Analysis of Portland Ce- 
ment (C 114-58 T) 

Methods of Sampling Hydraulic 
(C 183 - 60 T) 


Cement 


am 


ret FORTY-FIRST SESSION—COMMITTEE REPORT SESSION ao 


pew 
E. C. SHumMAN 


Specs. for Portland Blast-Furnace Slag Cement 
(C 205 - 60 T) 

Specs. for Air-Entraining Additions for Use in 
the Manufacture of Air-Entraining Portland 
Cement (C 226 - 58 T) 

Specs. for Flow Table for Use in Tests of Hy- 
draulic Cement (C 230 - 57 T) 

Test for Flexural Strength of Hydraulic Cement 
Mortars (C 348 - 57 T) 

Test for False Set of Portland Cement (Mortar 
Method) (C 359 - 56 T) 

Spec. for Portland Cement (C 150-60) 


Adopted as Standard, Revisions in: 


Specs. for Portland Cement (C 150 - 60): cover- 
ing (1) adoption as standard of tentative revi- 
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sion of Section 4; and (2) immediate adoption 
of revisions of Section 3 and Tables I and II 

Specs. for Air-Entraining Portland Cement 
(C 175 - 60): covering (1) adoption as stand- 
ard of tentative revision of Section 4; and (2) 
immediate adoption of revisions of Tables I 
and II 

Methods of Chemical Analysis of Portland Ce- 
ment (C 114-58) 


Committee C-11 on Gypsum: 
Report presented in the absence of the chair- 


man by H. Omson, secretary, and the following 
actions taken: 


Accepted as Tentative: 


Specs. for Joint Treatment Materials for Gyp- 
sum Wallboard Construction (C 475 - 61 T) 
Methods of Testing Joint Treatment Materials 
for Gypsum Wallboard Construction (C 474 - 

61 T) 


Accepled as Tentative, Revisions in: 
Spec. for Annular Ringed Nails for Gypsum 


Wallboard (C 380 - 60 T) 
Spec. for Gypsum Backing Board (C 442 - 59 T) 


Adopted as Standard: 

Methods of Chemical Analysis of Gypsum and 
Gypsum Products (C 471 - 61 T) 

Methods of Physical Testing of Gypsum Plasters 
and Gypsum Concrete (C 472 - 61 T) 

Methods of Physical Testing of Gypsum Board 
Products and Gypsum Partition Tile or Block 
(C 473 - 61 T) 


Adopted as Standard, Revisions in: 
Spec. for Gypsum Wallboard (C 36 - 60) 


Standard Withdrawn: 


Methods of Testing Gypsum and Gypsum Prod- 
ucts (C 26-60) 


Committee E-2 on Emission Spectroscopy: 
Report presented by R. E. Michaelis, chair- 
man, and the following actions taken: 


Accepted for Publication as Information Only: 

Suggested Method for Spectrochemical Analysis 
of Indium-Gallium Alloys by the Solution- 
Graphite Spark Technique 

Suggested Method for Spectrochemical Analysis 
of Blast Furnace and Steelmaking Slags by 
the Fusion Spark Technique 


Adopted as Standard: 


Method for Spectrochemical Analysis of Nickel 
Alloys by the Powder—D-C Arc Technique 


(E 129 - 57 T) 
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Committee E-5 on Fire Tests of Materials 
and Construction: 
Report presented in the absence of the chair- 
man by I. A. Benjamin, secretary, and the fol- 
lowing actions taken: 


Accepted as Tentative: 


Def. of Terms Relating to Fire Tests of Building 
Construction and Materials (E 176 - 61 T) 


Accepted as Tentative, Revisions in: 
Methods of Fire Tests of Building Construction 
and Materials (E 119 - 58) 


Adopted as Standard: 


Test for Surface Burning Characteristics of — 


Building Materials (E 84 — 60 T) 


Adopted as Standard, Revisions in: _ 

Methods of Fire Tests of Building Construction 
and Materials (E 119 — 58): covering (1) adop- 
tion as standard of tentative revision of Sec- 
tions 9 and 30; and (2) immediate adoption of 
revisions of Sections 4 and 9(c), and the addi- 
tion of Appendix IT. 


Committee E-7 on Nondestructive Testing: 


Report presented by J. H. Bly, chairman, and 
accepted as a report of progress. 


Committee E-13 on Absorption Spectros- 
copy: 
Report presented in the absence of the chair- 
man by R. F. Robey, secretary, and the follow- 
ing actions taken: 


Accepted for Publication as Information Only: 


Proposed Rec. Practices for Identification of 
Materials by Absorption Spectroscopy, Using 
the Wyandotte - ASTM (Kuentzel) Punche 


Card Index — 


Accepted as Tentative, Revisions in: 


Def. of Terms and Symbols Relating to Absorp- 
tion Spectroscopy (E 131 - 59 T) 


Committee E-15 on Analysis and Testing 
of Industrial Chemicals: 


Report presented by W. A. Kirklin, chair- 
man, and the following action taken: 


Accepted as Tentative: 


Rec. Practice for Developing Precision Data on 
ASTM Methods for Analysis and Testing of 
Industrial Chemicals (E 180 - 61 T) 
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Committee E-19 on Gas Chromatography: 

Report presented in the absence of the chair- 
man by L. C. Gilbert, ASTM Staff, and accepted 
as a report of progress subject to letter ballot 
approval by the committee. 


Joint Committee on Leather: 
Report presented in the absence of the chair- 


Epitor’s Note.—-The recommendations affecting standards referred to letter ballot 
were approved when the ballot was canvassed on September 18. 
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man by Bruce L. Lewis, vice-chairman, and the 
following action taken: 


Accepted as Tentative: 


Test for Cold-Crack Resistance of Upholstery 
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Leather (D 1912 - 61 T) 
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CELTS, 


SUMMARY OF PROCEEDINGS OF CINCINNATI, OHIO 


During the 1961 ASTM Committee Week held in Cincinnati, Ohio, a 
Symposium on Fire Test Methods was held on Wednesday, Feb. 1, under 
the sponsorship of Committee E-5 on Fire Tests of Materials and Construc- 
tion, as follows: 


SYMPOSIUM ON FIRE TEST METHODS 


Fire tests of materials used in building construction are of very serious 
concern to those responsible for establishing criteria for qualifying these ma- 
terials for use in buildings, for the protection and safety of human life are 
involved. Therefore fire test methods are scrutinized very carefully as to 
whether they simulate properly the actual behavior of materials when ex- 
posed to fire conditions. 

The following papers and discussion are included in the symposium: 


Early History of Fire Endurance Testing in the United States—Harry Shoub 

A Treatise on Theoretical Fire Testing—T. Z. Harmathy 

The New Beam Furnace at PCA and Some Experience Gained from Its Use— 
C. C. Carlson and Phil J. Tatman 

Surface Flammability of Materials: A Study of Test Methods and Comparison 
of Results—J. A. Wilson 


These papers with discussion were issued as ASTM Special Technical 
Publication No. 301, entitled “Symposium on Fire Test Methods.” 
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ANNUAL ADDRESS BY THE PRESIDENT 
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A. ALLAN Bates! 


Fellow members of ASTM, this 60th 
year of our existence under charter as 
the American Society for Testing Ma- 
terials finds us in mid-passage between 
two historical periods so profoundly 
different one from the other that they 
cannot be thought of only as “‘past” and 
“future.” For those of us concerned with 
materials an “old world” is closing and a 
“new world” is opening. The future is not 
to be simply a projection and enlarge- 
ment of the past. Just as the voyages 
of Columbus, Magellan, da Gama, and 
Cabot all in one generation revealed 
horizons of the earth previously un- 
believable, so have explorations among 
molecules, atoms, and nuclei in our 
present scientific laboratories opened 
realms inconceivable in the earlier 
working years of many present ASTM 
members. 

We all sense the impending great 
change, dimly. None can foresee its 
full portents and probably few will 
quickly appreciate its deeper possibil- 
ities for human enrichment. Ferdinand 
and Isabella bade their voyagers to 
bring back gold, gold, and more gold, 
and thus they lost the new world and 
its earthly wealth a millionfold greater 
than its gold. 


ASTM Has Done WELL IN THE PAST 


Since its formal birth in March of 
1902, the American Society for Testing 


* Presented at the 64th Annual Meeting of 
the Society, Atlantic City, N. J., June 25-30, 
1961. 

1 Vice-President, Portland Cement Assn., 
Chicago, Ill. 


Materials has uniquely and magnifi- 
cently served a purpose without which 
industrial free enterprise in America 
as we know it would have been im- 
possible. The essence of our American 
industrial strength lies in our methods of 
mass production, that is, in the pro- 
duction of precisely similar objects in 
great number. This idea was put into 
practical use as early as the year 1800 
by Eli Whitney. It is a curious fact 
that Whitney is popularly remembered 
for his invention of the cotton gin rather 
than for his infinitely more important 
idea of mass production. No doubt this 
is because the popular mind is much 
more readily captured by a spectacular 
new object than by a profound new 
idea, no matter how vastly more con- 
sequential the latter may be. Many 
years after Whitney demonstrated his 
army rifle made of “standard” repro- 
ducible parts, it became evident that 
standardized materials were a_pre- 
requisite to standardized products. This 
was first realized in Europe and gave 
rise there to the first societies for the 
testing of materials in the 1880’s. From 
these European beginnings there sprang 
the American Society for Testing Mate- 
rials. 


PROFOUND CHANGES ARE COMING 


In the six decades of its existence, 
the task of our Society has grown hugely 
in magnitude but has changed little in 
principle. Our organization, procedures, 
and objectives remain much as they 
were in the beginning. Now we face 
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the necessity of making profound 
changes as a result of deep underlying 
human developments which, at least 
ten years ago, began to loom large in 
our future. That we have only now 
begun to adjust our Society to the new 
circumstances is no reason to feel that 
we have been laggard. The services 
and functions that ASTM performs for 
the nation are so basic and so vital that 
we must do our best to see that they 
are done with utmost care and com- 
petence. In the past, this has always 
required that we act with studious de- 
liberation. Our technical committees 
have always seen to it that no important 
standard was set until all the available 
technical facts were checked and re- 
checked by experiment and by ex- 
perience. 

Here lies, precisely, one of the pro- 
found changes in procedures and ob- 
jectives that must be made in our work. 
Technological progress in materials 
now advances at an immensely greater 
speed than was the case in the first year 
of this century when our Society’s 
committee and administrative structure 
was designed. Nor is this faster prog- 
tess only a matter of accelerated pro- 
liferation of new materials and com- 
binations of materials. That problem 
could conceivably be met by a compa- 
rable proliferation of ASTM committees. 
| But we have now entered the era of 
| molecular and microstructural design 
| in which new materials may originate 
not only in experiment and experience 
but also through mathematical cal- 
culation of macrostructural properties 
from known physical constants of var- 
ious atomic and molecular species. This 
approach may yet be far off and, in- 
deed, may never be used for natively 
heterogeneous mass materials such as 
portland-cement concrete. But these 
rough materials which do not require 
, the utmost refinement in useful per- 
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formance are not those which will most 
demand the future attention of the 
American Society for Testing Materials. 


ScIENCE Must SuPPLANT EMPIRICISM 


During the six decades since its 
birth, the ASTM has based its work 
principally upon the great reservoir of 
practical experience represented in the 
Society’s membership. Only thus could — 
the Society have achieved its ends of a 
providing American industry with neces- 
sary materials standards. But time is_ 
essential to experience, and the ur- 
gent challenges of today and tomorrow 
no longer allow us to treat time asa 
plentiful commodity. It in no way di- — 
minishes the importance of the practical _ 
man of experience to be working in 
a team with the materials scientist. 
Even the mathematician, made fan- 
tastically productive by the electronic — 
computer, may be a fountainhead of 
ASTM standards in our next span of 
six decades. 

Recognition was given to these trends 
in the birth last year of ASTM’s new 
Division of Materials Sciences wherein 
the fundamental characteristics common 
to all materials are explored. From the 
work of this new Division there will 
surely result an orderly generic scientific 
approach to useful materials standards. 
The mounting flood of technical infor- 
mation, which is now the dominant and 
unprecedented aspect of our lives, may 
thus be a source of strength rather than 
of confusion. Great credit for vision and 
persistence are due the Society’s re- 
cent past-presidents Woods, LaQue, 
and Kropf, who, strengthened by the 
deep convictions and able assistance of 


Executive Secretary Robert Painter, 
founded the Division of Materials 
Sciences. 


As a separate Division it can provide, 
within the uniquely broad framework 
of ASTM, the world’s most useful and 
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inspiring continuous forum for the 
scientists of all countries who are con- 
cerned with materials. In this regard, 
it would be difficult to conceive of any 
other agency of equal potential. But if 
this Sciences Division remains largely 
separate from the rest of ASTM it will 
fail to fulfill its greater purpose of 
bringing the new knowledge from the 
research laboratory directly to the major 
task of improving the standards neces- 
sary to our national industrial life. The 
truly revolutionary aspect of modern 
science is its pervasive and dominating 
immediacy to all phases of western 
civilization. This immediacy of science 
to living ASTM standards must be 
consciously and actively insured by ef- 
fective liaison between our Division of 
Materials Sciences and our technical 
committees which are responsible for 
standards. I charge my successors in the 
presidency with the task of developing 
formal organizational means to this end. 

The explosive expansion of science 
and technology is the basic motivat- 
ing and controlling force in the 20th- 
century development of American life. 
All other forces toward change are de- 
rivative and secondary. But some of 
these are so direct that they can be 
considered separately. Foremost among 
these is the vast increase in wealth 
which arises from the broadening mass 
applications of advancing science and 
technology. These mass _ production 
procedures are possible only if the re- 
sulting wealth is widely distributed. 
This is just a way of saying that prac- 
tically everyone in America is now so 
well paid that we can afford to hire no 
one to labor in the old unproductive 
traditional ways. The route from raw 
material to finished product is there- 
fore made as short as possible and all 
intermediate labor is eliminated or 
diminished to the minimum. As part 


BY THE PRESIDENT 


of this trend, the materials producer 
tends to be a manufacturer of semi- 
finished products ready for final as- 
sembly. This may or may not lessen 
the demand for standardization of 
materials, but it certainly increases the 
pressure for standards governing inter- 
mediate or end products. Thus we find 
ASTM developing standards not only 
for plastics but also for zippers, not 
only for cements and concretes but also 
for pavements of standard skid resist- 
ance! Life promises to become complex 
indeed for an ASTM which is already 
the world’s most complicated technical 
society. The industrial diplomacy which 
our successors must exercise in the com- 
mittees, the boards, and the offices of 
ASTM will have to be of at least as high 
quality as that devoted to our nation’s 
international relationships. Let no cynic 
express the hope that it may be even 
higher. 

The onrushing tides of science and 
technology have also made inevitable 
an augmented partnership between in- 
dustry and government which will be- 
come much wider and more intimate. 
Man’s new mastery of nature, both in 
infinite space and in the infinitesimal 
atomic nucleus, gives him technical 
powers too great to be exercised by any 
organization less than the nation as a 
whole. Indeed, it is already evident 
that the world’s entire society of nations 
is the smallest organization that can 
govern many of mankind’s most im- 
portant activities in the next sixty years. 
The more ardent individualists among 
us will, of course, resent and resist this 
development. My own father would 
have been one of these. He was sure 
that his beloved steel industry could 
never survive the eight-hour day when, 
in effect, this was imposed by govern- 
ment. But, fortunately, man’s adapta- 
bility to change knows no limits. 
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THE PROBLEM Is NATIONAL IN SCOPE 


Within ASTM we have always had a 
truly remarkable partnership of in- 
dustry and government. The coopera- 
tion between our member scientists 
and engineers from Federal and state 
agencies and those from private industry 
and from our schools has resulted in the 
world’s greatest and most widely used 
body of technical standards. I am happy 
to note that a number of our govern- 
mental agencies show an_ increasing 
willingness and desire to refer their 
standards needs to ASTM. But I must 
also warn that we make progress much 
too slowly to satisfy the fast-changing 
requirements of some Federal and state 
engineering organizations. They, too, 
are caught up by the winds of techno- 
logical change, and if ASTM cannot 
move fast enought to help them con- 
trol their course they will perforce 
find their own way. Private industry, 
which only a few short years ago was 
the foremost sponsor of scientific re- 
search, has now yielded that place to 
the state. Industry has offered no con- 
certed objection to this transfer of ac- 
tivity and, indeed, has benefited greatly 
by the economic expansion which has 
resulted from government-supported re- 
search. Let ASTM then be an effective 
instrument through which private in- 
dustry and government cooperate in the 
interests of our national progress, well- 
being, and security. 


THE Democratic WAy Must PREVAIL 


Over the past year, as most of you 
know, I have spoken to many audiences 
concerning my experiences during the 
summer of 1960 when, as chairman of 
an American construction delegation, 
I had an opportunity to travel widely 
and with remarkable freedom about the 
Soviet Union. I have outlined the notable 
success of the Soviet government in 
urbanizing and industrializing their huge 


nation. I have emphasized the central 
and indispensable part which standardi- 
zation plays in their fast-mounting in- 
dustrial strength. From their many 
central and regional governmental labo- 
ratories and academies all standards are 
issued and all materials progress is di- 
rected. The transition of research find- 
ings into practical use takes place speed- 
ily and efficiently. 

Can we match the ultimate Soviet 
rate of industrial growth? As of 1961 
no one can say. Neither their steady 
growth potential nor ours has been 
determined, and as of this moment the © 
situations in America and in the Soviet 
Union provide no basis for economic 
comparison. We are struggling against 
a surfeit of technological success which 
has no historic precedent. We are chok- 
ing on a uniquely rich diet of over- 
productivity which we have not found © 
a way to digest. The Soviets, on the 
other hand, are struggling to emerge 
from 800 yr of an almost continuously 
dark and tragic history. Beginning with 
the twelfth-century conquest of all | 
Russia by the Mongol hordes of Ghengis 
Khan, the people of the Soviet lands 
have known little but enforced servitude | 
and medieval bondage. Almost un- 
touched by the enlightenment of the 
Renaissance or the humanism of the 
Reformation, the people of Russia think 
that, through science and technology, — 
they now see their way for the first time 
to salvation. They have an all-absorbing 
goal—a decent standard of living— 
which they are fiercely determined to 
reach. They think they see their way 
to it and—I urge you to realize—they 
are moving fast along that way. 

What does this have to do with — 
ASTM? A great deal, I believe. In a — 
talk which I have given to numerous 
ASTM District Councils I have pointed | 
out that our Society is almost the per-— 
fect example of “Democracy in Action.” 
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I have traced the steps by which democ- 
racy originated in urban life, how this 
urban democracy led to free enter- 
prise and thus on to modern indus- 
trialization which, in America, has 
become synonymous with the mass 
production of wealth. Finally, mass 
production is made possible only through 
standardization. Thus we find America’s 
central society for standards, ASTM, 
at the very source of our industrial 
democracy. 

The American Society for Testing 
Materials is a voluntary association of 
private individuals, private organiza- 
tions, educational institutions, and gov- 
ernmental agencies, come together to 
serve this nation and those of other 
nations who generously work with us. 
We all combine our efforts as equals in 
the vineyard, and the fruit of our labor 
is freely available to any who choose 
to take it. This is the way of free enter- 
prise and democracy. To those who do 
their fair share in the work of ASTM 
I say, “Well done.” To those who go 
beyond the strict call of duty—and there 
are more than a few of these—I say, 
“We are thankful for you and your kind, 
for it is such as you who have made our 
way of life possible.” 

To those who do less than their share 
of the work—or none at all—I say, 
“Don’t sing a song of free enterprise 
when you are taking a free ride, for this 
is the funeral music of democracy.” 

We face a massive demand to prove 
that our way of progress is best. The 
people of the Soviet Union know what 
they want and they believe they know 
how to get it. With utmost vigor and 
speed, they are pressing science into 
the service of their nation. We can- 
not quarrel with them for this. It is for 
us to show that we can do as well, or 
better, in that task. Industrial materials 
standards spring quickly from the re- 
search laboratory into field use by the 


Soviet system. ASTM must match that 
level of effectiveness. If we do not, but 
become, instead, an impediment to 
technological progress, then we shall 
deserve extinction. And when that 
happens, America will be consciously or 
unconsciously on its way to the Russian 
system of governmental industrial con- 
trol. 

ASTM must maintain an alertness 
to progress and a readiness to change 
second to no other organization in 
America. I hope we shall do this not so 
that we may “beat the Russians” in a 
race for industrial super-productivity. 
We have already won that race. The 
best the Russians can now do is to 
catch up to us as we continue to move 
on. I believe we should hope that not 
only they but all other peoples of the 
world may likewise “catch up with us” 
and come to know our absence of hunger 
and poverty. When we can all take 
our minds off the struggle for a plenti- 
ful material existence, we shall then be 
able to look to the nobler ends which 
are within man’s capacity and which 
must be his destiny. 

From a higher hill one should be 
able to see more distant horizons. From 
the eminence of the ASTM presidency 
which it has been my privilege to occupy 
this year, I have tried to discern what 
lies beyond the immediate forest of 
ASTM problems and challenges. We 
have been patiently making our way 
by unhurried winding paths through 
the familiar terrain. But not far off 
there loom some formidable cliffs, and 
beyond these are mounting ridges 
which rise to spectacularly high and 
rugged ranges of new knowledge on the 
horizon. It is evident that we must con- 
quer these if we are to break out of the 
confines of the Present. It is obvious 
that to do this some of us must put on 
the wings of Science and establish ad- 
vanced bases high up on the Atomic 
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Cliffs and on the Molecular Mountains. 
Some must continue to work at ex- 
tending the pedestrian paths of Ex- 
perience. But let us never forget that 
there are other societies and tribes 
which are eager to reach and occupy 
the distant summits ahead of us. They 
will use not only wings but also rockets 
to span Time, Space, and Matter. 

From the president’s chair in 1961, 
I cannot see the routes that ASTM will 
open up and follow in order to com- 
mand the scientific and technological 
heights of 2021. But I see very clearly 
that the old ways which have served 
us so well during our first 60 years will 
be hopelessly inadequate for our next 
60. The exponential expansion of our 
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scientific frontiers through 


only since that day we have learned — 


how to release the fundamental — 


which move the universe external to man. 
Those here who will eventually remem- 


ber the year 2001 will know by then that — 


man can release and use his own internal 
capacities to even greater effect upon his 
own future. We, the present workers 
in ASTM, are given the privilege of 
participating in the freeing of man from 
his own limitations. The future is as 
bright as we choose to make it. 
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research 
and development will continue un-— 
abated. There are a few here assembled — 
who can remember the year 1901, when 7 
ASTM was conceived. They know that 
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1960-61 was a year of considerable 
import for the Society. The changes 
which took place during the year in- 
cluded not only new technical activities, 
but changes in administration which will 
have a long-range effect on the Society. 
These changes give evidence of the dy- 
namic strength of ASTM. 

The symposia conducted by the new 
Division of Materials Sciences at the 
Annual Meeting in 1960 were outstand- 
ingly successful. With this encourage- 
ment the Division is moving ahead with 
plans to add to the store of fundamental 
knowledge of basic engineering materials, 
thus fulfilling one of the Society’s pri- 
mary objectives. 

New areas of technical activity in 
which work was started this year include 
such varied subjects as sensory evalua- 
tion of materials and products, slide fast- 
eners, gas chromatography, and vermicu- 
lite concrete. In addition, the scopes, 
titles, and jurisdictions of a number of 
older technical committees were reviewed 


so that they may maintain a position of 
leadership in their fields. 

In district activities there was a con- 
tinued high level of growth—three new 
districts were established during the year. 

In looking ahead with plans for the 
national meetings of the Society, the 
Board accepted an invitation to hold its 
1968 Annual Meeting in San Francisco. 
This will be the first Annual Meeting of 
the Society to be held west of the Missis- 
sippi River. 

In membership the Society is continu- 
ing to show a steady growth—its present 
membership is 10,505. 

A review of the financial position of the 
Society highlights the soundness of its 
fiscal operations. Of particular interest 
during the past year was the considerable 
improvement in actual operations over 
the budgeted operations—a gain of 
slightly more than $64,000. 

The past year also saw the retirement 
of R. J. Painter from active leadership of 
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the Society as its Executive Secretary 
because of continued ill health. The 
Board is hopeful of his continued sup- 
port, when possible, as Consultant to the 
new Executive Secretary T. A. Marshall, 
Jr. 
But what of the future? In looking 
ahead, the Board is reviewing the rela- 
tionship of Staff services to the technical 


Technical 


No attempt is made here to report in 
detail the technical activities of the Soci- 
ety other than to state that these activ- 
ities have been at a high level in the 
production of both standards and techni- 
cal publications. The standards activ- 
ities are reviewed in the Report of the 
Administrative Committee on Standards 
appended hereto.' The record of actions 
on standards set forth in this report show 
that the actions taken at the 1960 
Annual Meeting resulted in 132 new 
standards making a total of 2765. During 
the year the Standards Committee ap- 
proved 56 additional tentatives. This re- 
port also includes mention of the organi- 
zation of new committees and other 
extensions of the standardization work. 
Recorded below are specific actions of the 
Board with respect to the establishment 
of new committees and on adjustments 
of official statements of scope where ex- 
tensions or clarifications seemed desir- 
able. 

Of especial interest are the new areas 
of coverage, and in such instances the 
Board must satisfy itself that the new 
work is justified. With the organization 
of each new committee, however, the im- 
portance of providing adequate coordina- 
tion assumes ever greater importance, 
and the matter of coordination is one 
that is receiving considerable attention 
and enters into the considerations in es- 


1 See p. 87. 


= 
7 ANNUAL REPORT OF BOARD OF DIRECTORS 53 


committees and is considering plans for 
Headquarters expansion. In addition, the 
first phases of the Long-Range Planning 
Committee’s report to the Board of Di- 
rectors have now been submitted. We 
can look ahead to continued growth in © 
services to members, to the American 
industrial economy, and to the general 
welfare of the Nation. 


Activities 


tablishing or modifying the scopes of 
activities of committees to avoid dupli- 
cation of effort. This is especially true in| 
the relation of the general methods of 
test committees to the work of the prod- 
uct committees. 


Revised Committee Scopes, Titles, and 
Jurisdiction: 
Commitiee B-5—The Board has ap- 

proved a rewording of the scope of Com- 


1935 1940 1945 1950 1955 1960 1965 
Showing Growth in Number of Committees 
and in Official Committee Membership. 


mittee B-5 on Copper and Copper Al- 
loys, Cast and Wrought, to read as 
indicated below. There is no change in 
substance. 


“The formulation and standardization of 
specifications, the development of engineer- 
ing information and methods of test, and 


the stimulation of research relating to 
Te 
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copper and copper-base alloy castings and 
wrought products. 

“The Committee participates in joint 
action with other committees in matters of 
mutual interest. 

“Castings here include ingots for remelt- 
ing, deoxidizers, and hardeners for copper 
and copper-base alloys and cast products. 

“Wrought products include fabricated 
flat products (plate, bar, sheet, strip, foil and 
flat wire), rod, wire, shapes, forgings, pipe 
and tubular products, cartridge case, and 
bullet jacket cups. 

“Products excluded are cathodes, cakes, 
slabs, billets, wire bars, die castings, and 
wire specified for use as electrical conduc- 
tors.” 


Committee C-2—Committee C-2 on 
Magnesium Oxychloride and Magnesium 
Oxysulfate Cements has no active proj- 
ects before it. The committee has accord- 
ingly been given an inactive status, 
continuing a small group to be respon- 
sible for the review of the present 
standards and to d::termine when any 
further activity shouid be undertaken. 

Committee C-3—Committee C-3 on 
Chemical-Resistant Mortars has had 
under consideration for some time an ex- 
pansion of its scope so as to cover 
chemical resistant protective materials 
in forms other than mortars, and after 
discussions with other interested com- 
mittees, Committee C-3 has submitted 
and the Board has approved the follow- 
ing revised title and scope for Committee 
C-3: 


Title: Committee C-3 on Chemical Re- 
sistant Non-Metallic Protective Materials. 

Scope: The formulation of methods of 
testing, specifications, definitions, recom- 
mended practices and the stimulation of 
research relating to chemical resistant non- 
metallic materials used primarily for protec- 
tion against corrosive chemicals. The activi- 
ties will be coordinated with those of other 
related committees of ASTM. 

Chemical-resistant materials here include 
mortars, hot-melt conipounds, and sheet- 
and self-supporting liners. 


Committee D-9——In revising its by- 
laws, Committee D-9 on Electrical In- 
sulating Materials suggested that part 
(1) of its scope be editorially changed to 
read as follows, and the Board has given 
its approval: 


(1) Development of methods of sampling 
and testing, and formulation of specifica- 
tions for solid electrical insulating materials, 
insulating varnishes, and any other insulat- 
ing materials that are solid in normal use 
even though they may be applied as liquids. 
Materials comprise both those designed 
as electrical insulation and those grades of 
other dielectric solids designed with con- 
trolled dielectric, piezoelectric, or magneto- 
strictive properties.” 


Commitiee D-10.—Because its present 
title does not reflect the current or fu- 
ture scope of the committee’s activities, 
the title of Committee D-10 on Shipping 
Containers has been changed by Board 
action to Committee D-10 on Packaging. 
In view of the activities of Committee 
F-2 on Flexible Barrier Materials in the 
packaging field, the Board has also ap- 
proved the addition of the following 
sentence at the conclusion of the present 
scope of Committee D-10: 


“The responsibility for the development of 
standards for the basic materials used in 
packaging shall in general rest with the 
material committees.” 


Committee D-13—To include in its 
statement of scope provision for the 
preparation of recommended practices 
respecting textile materials and prod- 
ucts, the scope of Committee D-13 on 
Textile Materials has been revised to 
read as follows: 


“To formulate (1) specifications, (2) 
methods of test, (3) definitions, and (4) 
recommended practices respecting textile 
materials and products, and to promote the 
knowledge of the properties of textile and 
related materials.” 
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Committee D-20.—The Board has ap- 
proved a revised scope for Committee 
D-20 on Plastics as follows: 


“The development of test methods, speci- 
fications, recommended practices, nomen- 
clature, definitions, and the stimulation of 
research relating to plastics; their raw ma- 
terials, components, and compounding in- 
gredients; and to finished products made 
from plastics, such as sheets, rods, tubes, 
pipe, cellular materials, and molded or 
fabricated articles. 


Committee E-1—The following revised 
scope for Committee E-1 on Methods of 
Testing has been approved: 


(a) To aid and advise the technical com- 
mittees of the Society in the preparation of 
standard methods and development of apparatus 
of testing, in the correlation of similar methods 
prepared by different committees, and in insti- 
tuting cooperation between the technical com- 
mittees on matters of common interest relating 
to methods and apparatus of testing, by the 
establishment of subcommittees of Committee 
E 1 or otherwise. 

“(b) To prepare specifications for apparatus 
for testing materials and methods of testing ma- 
terials either not included in the scope of other 
ASTM technical committees or at the request 
of one or more interested technical committees 
of the Society, and to initiate, conduct, and re- 
port related work upon the determination of 
properties of materials. 

“(c) To encourage, secure and promote, with 
the approval of the Board of Directors, coopera- 
tion between technical committees of this So 
ciety and the committees of other societies and 
associations as regards methods and apparatus of 
testing. 

“(d) To standardize the nomenclature and 
definitions used in or relating to testing methods 
or apparatus in cooperation with Committee 
E-8 on Nomenclature and Definitions. 

“(e) To perform such other functions as may 
advance, improve, standardize, and unify the 
procedures of materials testing.” 


Special Committee on Fracture Testing 
of High-Strength Sheet Materials——The 
committee’s title has been modified by 
the substitution of the word “metallic” 
for the word “sheet” since its work has 
reached a point where it is felt it should 
be broadened to include materials other 
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than sheet. The revised title reads as 
follows: “Special Committee on Fracture 
Testing of High-Strength Metallic Ma- 
terials.” 

It is understood that if the committee 
prepares any test methods they will be 
referred either to an existing ASTM 
technical committee for promulgation, 
such as Committee E-1 on Methods of 
Testing, or the special committee could 
be reconstituted as an ASTM technical 
committee for this purpose. 

Magnet Steels —Certain developments 
in the International Electrotechnical 
Commission (IEC) suggested the desira- 
bility of having more complete ASTM 
specifications for magnet steels. Such 
specifications are under the jurisdiction 
of Committee A-6 on Magnetic Proper- 
ties. They are of general interest to Com- 
mittee A-1 on Steel and that committee is 
appointing several representatives to a 
new Subcommittee on Electrical Steels 
that is being set up under Committee 
A-6. 

Wrought and Cast Alloys for Structural 
Use at High Temperatures—Work on 
wrought and cast alloys for structural 
use at high temperatures has been trans- 
ferred from Committee B-4 on Metallic 
Materials for Thermostats for Electrical 
Resistance, Heating and Contacts, to 
Committee A-10 on Iron-Chromium, 
Iron-Chromium-Nickel and Related Al- 
loys. This includes also the transfer of 
jurisdiction of Specifications for Chro- 
mium-Nickel-Iron Alloy Castings for 
High-Temperature Service, 25-12 class 
(B 190-50) and Specifications for 
Nickel-Chromium-Iron Alloy Castings 
for High-Temperature Service, 35-15 
class (B 207 — 50). 

Commitiee D-11 on Rubber and Rubber- 
Like Materials and Committee D-20 on 
Plastics cover materials where it is diffi- 
cult to define precisely the areas of 
jurisdiction between the two committees. 
Meetings of the officers are held for the 
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purpose of reaching agreement on assign- 
ments and in establishing joint task 
groups where these can function to ad- 
vantage. Such a group on Definitions of 
Terms has an extremely important as- 
signment and serves under the chairman- 
ship of a member of the Staff. 


New Activities: 


Sensory Evaluation of Materials and 
Products—Mention was made in the 
report a year ago of the authorization for 
a new Committee E-18 on Sensory Eval- 
uation of Materials and Products. The 
organization meeting of this committee 
was held on October 12, 1960. 

Slide Fasteners—Committee D-13 on 
Textile Materials has had under develop- 
ment in its Subcommittee on Ultimate 
Consumer Textile Products standards 
covering definitions and test methods for 
slide fasteners. This subject had been 
brought to the Board in view of the 
question as to whether this type of stand- 
ard was within the scope of the Society’s 
activities since it involved to some ex- 
tent engineering design. The Board has 
considered the submittal to the Society of 
these standards to be entirely in order, 
subject, however, to the review of the 
Administrative Committee on Standards. 
It is expected that these standards will 
be submitted to the Society by Com- 
mittee D-13 in the near future. 

Vermiculite Concrete—The Society has 
been approached by the Vermiculite In- 
stitute with respect to undertaking work 
on specifications for vermiculite concrete. 
It developed that the specifications con- 
templated related largely to design and 
installation and in view of this would fall 


outside the general scope of ASTM activ- 
ities. A sectional committee has been 
authorized under the American Stand- 
ards Assn. with the Vermiculite Institute 
as sponsor. It is understood the Society 
will be asked to serve as cosponsor. 

Gas Chromatography—tThe subject of 
Gas Chromatography has been receiving 
consideration in several of the Society’s 
committees, including Committee E-15 
on Analysis and Testing of Industrial 
Chemicals. In considering the establish- 
ment of a new subcommittee under Com- 
mittee E-15 it developed that the sub- 
ject was of such broad significance and 
interest that it warranted the establish- 
ment of a new separate technical com- 
mittee. This recommendation was 
brought to the Board, which authorized 
a new committee on the subject. An 
organization meeting of Committee E-19 
on Gas Chromatography was held on 
February 6, 1961, with the following 
scope: 


“To promote the development and appli- 
cation of Gas Chromatography by: 

(a) Coordinating scientific applications 
and methods of analysis based on gas chro- 
matography in cooperation with other tech- 
nical committees of the Society and other 
organizations. 

(6) Cooperating with national and inter- 
national bodies in standardizing (1) pre- 
sentation of data and (2) nomenclature. 

(c) Developing general methods and 
other appropriate standards. 

(d) Providing a forum for exchange of 
information. 

(e) Stimulating research in this field. 

(f) Collecting and disseminating critical 
data.” 


National and Other Meetings 


1960 Annual Meeting: 

The Sixty-third Meeting of ASTM in 
Atlantic City, N. J., June 26 to July 1, 
1960, again broke all records for attend- 
ance with a total registration of 3339. 
Over 1000 meetings of technical com- 


mittes were held. The program con- 
sisted of 37 technical sessions, the Presi- 
dent’s Luncheon, the Annual Dinner, 
and special functions sponsored by the 
Division of Materials Sciences. These in- 
cluded two symposia, both dealing with 
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fundamentals of materials and a ‘“‘Mate- 
rials Science Luncheon” at which W. O. 
Baker, Vice-President of Bell Telephone 
Laboratories, spoke on “The National 
Role of Materials Research and Develop- 
ment.” The committee reports presented, 
as well as a number of the technical 
papers, are published in the 1960 Pro- 
ceedings. Other papers, particularly those 
comprising symposia, appear in various 
issues of the ASTM BuLtetin and as 
special technical publications (STP’s). A 
review of the meeting appeared in the 
July, 1960, ASTM Buttetin. 

District Support—The Philadelphia 
District again was host for the Annual 
Meeting in Atlantic City. With the 
greater proportion of national meetings 
being held in Atlantic City, the Society 
is repeatedly indebted to the Philadel- 
phia District for its support. The District 
Council’s efforts were outstanding in 
providing the very excellent ladies’ en- 
tertainment. Again, a most welcome 
break in the week of intensive committee 
meetings was provided by the Philadel- 
phia District in the form of a cocktail 
party, entertainment, and dinner on 
Wednesday evening. 


1961 Committee Week: 


The Ohio Valley District Council acted 
as host to Committee Week, and on 
Wednesday sponsored a cocktail party 
and dinner. Following the dinner, Mr. 
Bernard B. Berger, Chief, Water Supply 
and Pollution Control Research, Robert 
A. Taft Sanitary Engineering Center, 
presented a most interesting talk on 
“How Effectively Can We Control Water 
Quality?” 

Some 350 meetings of committees and 
subcommittees were held. A symposium 
on Fire Test Methods, under the auspices 
of ASTM Committee E-5 on Fire Tests 
of Materials and Constructions, was held 
Wednesday afternoon. The symposium 
consisted of four very interesting papers 
which, together with discussion, will be 
published as ASTM STP No. 301. 
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National Technical Meeting—Sympo- 
sium on Materials and Electron Device 
Processing: 

An innovation that may be establish- 
ing a worthwhile precedent is the holding 
of special national meetings, such as that 
held in Philadelphia, April 5-7, 1961. 
The technical program was organized by 
Committee F-1 on Materials for Electron 
Tubes and Semiconductor Devices and 
comprised a three-day Symposium on 
Materials and Electron Device Process- 
ing? with the presentation of some 35 
papers by authors reporting on research 


throughout the world. The attendance of 
over 300 was drawn from all parts of the 
country, with a good representation from 
abroad. A dinner sponsored by the Phila- 
delphia District was helc on April 6 at 
which John W. Campbeli, Editor, Analog 
—Science Fact and Fiction, spoke on 
the subject “Orthodoxy in Modern 
Science.” 
Future Meetings: 
Annual Meetings of the Society have 
been scheduled as follows: iy 
June 24-29, 1962—New York, N. Y. : 
June 23-28, 1963—Atlantic City, N. J. “t 
June 21-26, 1964—Chicago, Ill. , 
June 13-18, 1965—Purdue University, La- 
fayette, Ind. 
June 26-July 1, 1966—Atlantic City, N. J. 
June 25-30, 1967—Boston, Mass. 
June 16-21, 1968—San Francisco, Calif. 
Committee Week and Spring Meet- 
ings are as follows: 
February 5-9, 1962—Dallas, Tex. 
February 4-8, 1963—Montreal, Quebec, 
Canada. 
February 3-7, 1964—Philadelphia, Pa. 
February 8-12, 1965—Cleveland, Ohio. 
January 30-February 4, 1966—Washington, 
Pacific Area National Meetings are 
scheduled as follows: 
September 30-October 5, 1962—Los Angeles, 
Calif. 
October 31-November 5, 

Wash. 

2 To be published as ASTM STP No. 300. 


1965—Seattle, 


a 
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In the report a year ago mention was 
made of the decision of the Board that 
the ASTM BuLLetin beginning in 1960 
be issued monthly instead of eight times 
a year as at present. During the year the 
Board also authorized that in making this 
change the format and title be changed 
as well. The new title is Materials Re- 
search & Standards. Placing it on a 
monthly basis will provide a more fre- 
quent means of bringing news of the 
Society to the attention of its members. 
The other changes will result in placing 
more emphasis on the publication of 
technical material. 

One other matter, also referred to in 
the report a year ago, was the decision 
to issue the 1961 Book of Standards in 
eleven rather than ten parts as in the 


previous edition. However, as the report 
of the Publications Committee indicates, 
studies are now going forward looking 
toward a complete realignment of the 
Book of Standards with a possibility of 
issuing it in a far greater number of parts, 
corresponding to the special compilations 
that are now made available. Such a 
move, while involving quite a number 
of adjustments that would need con- 
sideration, could result in eliminating 
some duplication of printing and thus 
lightening and evening out the editorial 
and printing load. 

The increasing number of meetings 
that are being sponsored naturally re- 
sults in increased publications, either by 
way of articles in Materials Research & 
Standards or in separate publications. 


District and Related Activities 


Through its districts, the members and 
committee members of ASTM are pro- 
vided with the opportunity to partici- 
pate at the local level in the affairs of the 
Society. During this year the district- 
ing of the Society to cover all of the con- 
tinental United States was completed 
with the formation of three new districts. 
These three districts bring the total 
number now to 20. The new districts are 
the Northwest District, composed of 
British Columbia, and the States of 
Washington, Oregon, Idaho and Mon- 
tana; the Central Plains District, com- 
posed of Kansas, Nebraska, Iowa, and 
western Missouri; and the Northern 
Plains District, composed of North Da- 
kota, South Dakota, Minnesota, and 
western Wisconsin. Consideration is also 
being given to the formation of a North 
Central Texas District. 

One of the important activities of the 
districts has been the presentation of 
student membership awards to outstand- 
ing students in the engineering and 


technical colleges. Many of these are 
presented at district meetings, during 
which these students who have demon- 
strated ability and special interest in 
materials are brought into contact with 
the established members of the Society. 
The Washington District sponsored a 
novel program having these students 
particularly in mind. This program con- 
sisted of a special luncheon at which 
speakers described ASTM and its activ- 
ities and the National Bureau of Stand- 
ards. This was followed by a tour of the 
facilities of the NBS. 

President Bates was the principal 
speaker at 19 district meetings; in addi- 
tion he spoke before numerous civic and 
business clubs in conjunction with these 
appearances. Vice-Presidents Clair and 
Seniff and Past-President Woods each 
addressed one district meeting. 

The variety of topics offered at dis- 
trict meetings this year is worthy of note. 
Several full-day conferences were spon- 
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sored, including two held by the New 
England District on “Current Materials 
The 
Rocky Mountain District sponsored an 
all-day session devoted to Concrete 
jointly with the American Concrete Inst. 
In addition, the Philadelphia District co- 
operated in sponsoring the first National 
Technical Meeting of the Society in co- 


Problems” and “Automation.” 


District Meetings: 
District 


Southern California District (jointly 
with AFM) 

Central New York District (jointly with 
AFM) 

New England District 

Mississippi Valley District Sy with 
Engineers Club of St. Loui 

New York District Gointly with the 
Chemists Club) 

Rocky Mountain District (jointly with 


ACI 
Philadelphia District 


Washington District (jointly with Com- 
mittee E-6 

Detroit District 

Philadelphia District (jointly with 
ASQC 

Southern California District (jointly 
with ACI 

Pittsburgh District (jointly with SNT) 

Northern California District (jointly 
with ACT) 

Northwest District 

Ohio Valley District (in conjunction 
with Committee Week) 

Washington District 

Northern California District 

Southwest District (jointly with ASCE) 

Central New York District (jointly with 
ASM) 

Southeast District (jointly with ASM) 

Southwest District (jointly with AIA) 

Southwest District (jointly with ASCE) 

Southwest District (jointly with ACS) 

Cleveland District (jointly with ASCE 
and Cleveland Engineering Society) 

Philadelphia District (jointly with Com- 
mittee F-1) 

Washington District (jointly with 
Raleigh Engineers Club) 

Southwest District (jointly with TSPE, 
ASCE, and CSI) 

Chicago District (jointly with ASTM 
Committee D-10) 

New York District (jointly with ASCE 
and CIB) 

Western New York - Ontario District 


Date Location 2 
September 22, 1960 Los Angeles, Calif. 
October 10, 1960 Corning, N. Y. 
October 27, 1960 Boston, Mass. ae 
October 27, 1960 lows, Me 0 


October 27, 1960 


October 31 to Novem- Tucson, Ariz. ii 7 
ber 2, 1 
November 9, 1960 University of Delaware, 
Newark, Del. 
November 14, 1960 Washington, D.C. 
November 17, 1960 Detroit, Mich. 
January 19, 1961 Germantown, Pa. 


January 19, 1961 


January 19, 1961 
January 23, 1961 


January 25, 1961 
February 1, 1961 


February 3, 1961 
February 23, 1961 
February 24, 1961 
March 6, 1961 
March 7, 1961 
March 8, 1961 
March 9, 1961 
March 11, 1961 
March 30, 1961 
Arpil 6, 1961 
April 10, 1961 
April 10, 1961 
April 11, 1961 
April 19, 1961 


April 20, 1961 


operation with Committee F-1 on Mate- 
rials for Electron Tubes and Semiconduc- 
tor Devices. 

A list of the district meetings during 
the year follows. Most of these meetings 
were held in cooperation with other 
technical groups, and news accounts were 
reported during the year in Materials 
Research & Standards. 


New York City => 


Los Angeles, Calif. 7] 


Pittsburgh, Pa. 
Francisco, Calif. 


Seattle, Wash. 
Cincinnati, Ohio 


Baltimore, Md. 
San Francisco, Calif. 
Austin, Tex. 


4 Ala. 
Orleans, La. 


Pa. 
Raleigh, N. C. 
Dallas, Tex. 
Chicago, Ill. 
New York City 
Niagara Falls, N. Y, 


= 
Bartlesville, Okla. 
Cleveland, Ohio 
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District Meetings (Continued:) arly dd 
Detroit District (jointly with ASCE and April 25,1961 == Mich. 
ACT) 
Pittsburgh District April 26,1961 Pa, 
Washington District April 28,1964 Washington, D.C. { 
New England District (jointly with May 6, 1961 University of Maine, 
Maine Association of Engineers, Pail Orono, Maine 
MSPE, ASCE, and AIEE) 
Northwest District (jointly sponsored June 13,1961 Richland, Wash. 
with several technical societies) ing? 


Membership 


New members continue to join the 
Society at more than a thousand per 
year. In the period May 1, 1960, to May 
1, 1961, more applications were accepted 
than in any previous year—1130—as 
compared with 1100 in 1959, the previous 
high year. However, net growth is always 
substantially less because of losses from 
death, resignation, and nonpayment of 
dues. The losses reported this year are 
higher than for previous years due to a 
decision to adhere to the By-laws by 
dropping members whose dues had not 
been paid in the one-year period allowed. 
During the depression, members with 
dues in arrears were given an additional 
seven months to pay before being 
dropped. This year, delinquent members 
were dropped January 1, 1961, one year 
from the date their dues were due, as the 
By-laws provide. As a result the records 
show a greater loss than usual. The net 
gain in new members was 242 in all 
classes except student, as compared with 


477 a year ago. If adjusted to take into 
account only one year’s loss, the net 
gain would have been 478. 

While the membership growth moves 
steadily upward, the Membership Com- 
mittee and the Board of Directors are 
concerned that the relative growth of 
the Society in members is not keeping 
abreast of the growth of scientific and 
engineering activities in our economy, or 
of its own growth in technical committee 
activity and publications. The Board has 
authorized additional personnel to enable 
the staff to give more attention to the 
promotion of membership in all classes, 
but especially the company grade; and 
to promote the knowledge and use of the 
Society’s standards and publications, 
which in turn are excellent stimuli to 
growth. 

On May 1, 1961, the membership of 
the Society totaled 10,505, compared 
with a total of 10,263 one year ago. Gains 
and losses in various classes of member- 
ship are shown in the following table: 


Membership 


Losses Additions Total 


Class of Membership 


May 1,| May 1,/| Resig- 
1960 1961 L.A Dropped | Death be Loss | Gain 

Honorary.......... 27 27 
Perpetuity and Life. 13 | ee 1 1 1 
Sustaining......... 407 433 6 2 ate 6 38 2 14 40 26 
Company, Firm, etc..| 2 094) 2 040) 71 44 51 8 | 104 | 166} 112] 54 
Individual, etc... ... 7 364) 7 599] 358 286 52 3 63 | 871 | 699 | 934 | 235 
Associate.......... 358) 392) 20 48 1 50 1 152 | 119 | 153 34 
10 263/10 505) 455 380° 53 110 110 {1130 | 998 |1240 | 242 
ee 637| 1 757) 501 372 : 83 ... |1076 | 956 |1076 120 


* Represents two years due to change in date for dropping of delinquent members. 
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It is interesting to compare our pres- 
ent membership of 10,505 with the figures 
for ten and twenty years ago; in 1951 our 
total membership was 7001, and in 1941 
it was 4470. 


Associate and Student Memberships: 


The class of Associate Membership, 
which continues to 30 years of age and 
replaces the former junior membership 
with its 27-year age limit, continues to 
grow as noted in the table. 

Because of the influence of student 
membership prize awards, which recog- 
nize outstanding students in courses re- 
lated to the Society’s work, the very 


12.000 
= 
Society Membership 
Student Membership 
8000/- 
$ 
3 = 
6000 |- 2400 
= 
3 
4000 7 1600 a 
2000 F 800 
= 


19935 1940 1945 1950 1955 1960 


Showing Growth in Membership 


encouraging growth in this class has con- 
tinued. The Society itself and many of 
the districts, in addition to individuals 
and companies, are sponsoring student 
membership awards. 


Sustaining Members: 


Forty new sustaining members, largely 
transfers from company membership 
grade as a result of a special invitation 
from our president, more than offset the 
14 losses in this class. The new sustain- 


ing members are: 
Amoco Chemicals Corp. a 
Atlantic Steel Co. 


The Beryllium Corp. 


Black & Decker Manufacturing Co. 
Calaveras Cement Co. is 
Canada Iron Foundries, Ltd. nef 


Canadian Industries, Ltd. 
Canadian Pacific Railway Co. 
Certain-teed Products Corp. 


The Chemstrand Corp. 
Dominion Foundries and Steel, Ltd. 
Electrical Testing Laboratories, Inc. 

Enjay Chemical Co., Inc. 

The Ensign-Bickford Co. 

Goodrich-Gulf Chemicals, Inc. 

Goodyear Atomic Corp., Library 4 
W. R. Grace and Co., Research Div. oA 
Grumman Aircraft Engineering Corp. : 
Ideal Cement Co. 


The Kaman Aircraft Corp. 

Keasbey & Mattison Co. 
Mallinkrodt Chemical Works infin] 
Mobay Chemical Co. 
Mueller Co. 


Naugatuck Chemical Div., U. S. Rubber Co. 
Otis Elevator Co. 

Roanoke Electric Steel Corp. 

H. H. Robertson Co. 

Sandusky Foundry and Machine Co. 
Spaulding Fibre Co., Inc. 

Stackpole Carbon Co. 
J. P. Stevens and Co., Inc. : 
Stockham Valves & Fittings 
Texas Instruments, Inc. 

The Trubek Laboratories, Inc. 
United Engineering and Foundry Co. us 
United States Testing Co. 

West Point ManufacturingCo. 


Wheeling Steel Corp. ae | 
C. K. Williams and Co. 7 | 
60-Year Members: 


The list of organizations which have 
held membership in the Society for 60 
years or more is growing and is reported 
for the first time in this annual report: 


American Foundrymen’s Society (1898) 

American Steel and Wire Div., United States 
Steel Corp. (1900) 

Bethelehem Steel Co., Inc. (1898) 

Booth, Garrett & Blair Engineers and Chem- 
ists (1896) 

The Colorado Fuel and Iron Corp. (1900) 

Franklin Institute (1898) 

Robert W. Hunt Co., Engineers (1899) 

The Lowe Brothers Co. (1899) 

National Tube Div., United States Steel 
Corp. (1900) 

John A. Roebling’s Sons Div., The Colorado 
Fuel and Iron Corp. (1900) ’ 

United States Steel Corp. (1898) 


i 
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50-Year Members: 


There are three individuals and four- 
teen organizations as noted below who 
this year have been members of the Soci- 


S. H. Graf 
S. H. Ingberg 
=} 


Monroe L. Patzig 
Alco Products, Inc. 
Baldwin-Lima-Hamilton Corp. 
Bridgeport Brass Co. 


General Motors Corp. 

Hercules Cement Co., 
Cement Corp. 

Ledoux and Co. 

Northern Electric Co., Ltd. 

Pratt & Lambert, Inc. 

q The Steel Co. of Canada, Ltd. 
: U. S. Department of the Navy, Bureau of 
Naval Weapons 

U. S. Department of the Navy, Bureau of 
Ships 

United States Gypsum Co. 

U. S. Naval Engineering Experiment Station 


Division of American 


40-Year Members: 


There are 51 members who this year 
have completed 40 years of membership: 


Arthur F. Brown Vincent T. Malcolm 


J. F. Calef John W. McBurney 
Carl M. Duff Alvord P. Meng 
F. Malcolm Farmer Andre Millot 
Raymond E. Hess Mortimer F. Sayre 
J. J. Laudig W. A. Selvig 
Albert W. Luhrs Sam Tour 
J. C. Witt 
American Ceramic Society, Inc. oe 


Atlas Powder Co. 

Bareco Wax Co., A Division of Petrolite Corp. 
Boston Edison Co. 

Bridgeport Public Library and Reading Room 


Research Assn. 
The Budd Co. 
California Institute of Technology 


Surveys, Mines Branch 
Esso Research and Engineering Co. 


Division of The B. F. Goodrich Co. 
Hercules Powder Co., Research Center 
Houdaille Construction Materials, Inc. 
Houston Public Library ‘ 
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ety continuously for 50 years: 


Carnegie Institute of Technology ate pa Pittsburgh Steel Co. 


The British Electrical and Allied Industries 


Canada Department of Mines and Technical 


F. Goodrich Footwear and Flooring Co., 


Kansas City Public Library 

Kansas State University, Road Materials 
Laboratory 

Koppers Co., Inc., Tar Products Div. 

Manitoba, University of, Engineering Library 

Marquette University, College of Engineering 

Missouri Pacific Railroad Co. 

Missouri, University of 

New York State Library 

Northwestern States Portlanc Cement Co. 

H. C. Nutting Co. 


Philadelphia, The Free Library of, Serials 
Section 


Precision Thermometer and Instrument Co. 

Sheffield Div., Armco Steel Corp. 

Solvay Process Div., Allied Chemical Corp. 

South Dakota School of Mines and Tech- 
nology 

Arthur H. Thomas Co. 

Washington, State of, Department of High- 
ways 

Western Australia, University of, School of 
Engineering 

J. H. Williams and Co. 

Youngstown and Mahoning County, Public 
Library of 


Deaths: 


The Society has lost the following 
members through death (figures in pa- 
rentheses are dates of membership): 


Alfonso Abbate (1959) a. | 
Robert W. Anderson (1956) 


Max Bachrach (1958) 
Jayson C. Balsbaugh (1958) eget 
Alfred C. Barbour (1944) oe 

Carl Bussow (1935) ; 
Harold F. Clemmer (1915) 
Clyde C. Connor (1931) 
Charles V. Cooper (1960) 
Clyde A. Crowley (1941) 

Sigfrid Dahlberg (1957) —_ 
Herbert A. Davis (1920) Whee—seis 
Ward A. Detwiler, IT (1959) 

John R. Dwyer (1920) 


Marion Eppley (1936) ae | 
Charles T. Evans, Jr. (1945) Pataca 
H. J. Eyman (1948) ; 
E. F. Fernes (1957) 
Dozier Finley (1911) 
Perry J. Freeman (1923) 
Dudley K. French (1913) 
Marc S. Goldsmith (1955) 
A. N. Goodbrand (1949) 
John J. Gould (1950) 
Albert Haertlein (1921) 


WJ 
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C. E. Harness (1959) 
W. Hertner (1959) 


Harry Hey (1949) 
Willard Wellington Hodge (1947) 
Roger L. Johnson (1954) vd 
Earl F. Kelley (1926) mati 
Harold R. King (1943) 
A. L. Kuehn (1914) 
Serge Leoni (1957) 


John M. Lessells (1924) 
Frances A. McAdam (1940) 


Edgar K. Mull (1941) 
Leopold J. Nedorostek (1958) 

Charles E. Paul (1908) roel 
E. S. Petruniak (1959) 
W. P. Putnam (1911) ; 
Sidney Rolle (1941) 
John E. Rutzler (1952) 
George Sachs (1954) ae 


Lyle R. Sheppard (1960) 
John C. Smack (1949) 
Ralph Smillie (1929) 
Earle C. Smith (1926) af 
Edwin K. Smith (1924) 
_F. W. Smither (1912) 
Rudolph M. Snyder (1940) 


Honors and Awards 


The Board’s Committee on Lectures 
and Awards has been active in reviewing 
present Society and Committee Awards 
and, on its recommendation, the Board 
has adopted a Policy on New Awards 
which appears for the first time in the 
1960 Year Book. As mentioned in last 
year’s report, a procedure for recognizing | 
outstanding achievements in technical 
committees has been approved and will 
be followed as soon as appropriate. The 
Society’s Manual on Special Lectures, 
Honors, and Awards is in process of 
revision and these new policies and pro- 
cedures will be incorporated in the new 
edition. 

Descriptions of the various existing 
awards as well as the personnel of the 
lecture and award committees are given 
in the ASTM Year Book. 

Recipients of honors and awards to be 
given at the 1961 Annual Meeting are 
indicated here: in 
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D. B. Steinman (1927) _ 
D. W. Sudell (1954) 


Ernest E. Thum (1924) 
James F. Tompkins (1960) 
Henri P. C. Vanderapelle (1954) 
Vito A. Villani (1960) 


Walter C. Voss (1932) 
Anthony D. Wagner (1944) 
John H. Wickersham (1932) 


T. F. Wieczorek (1958) JE 
J. Alexander Woodward (1929) 


In addition to the above, the following 
representatives of company members of 
the Society passed away: 


Campion, E. W., The Bonney-Floyd Co. 

Theodore Irving Coe, American Institute of 
Architects 

Robert J. Peters, Warner Gear Div., Borg- 
Warner Corp. 

W. W. Roff, Whittaker, Clark & Daniels, 
Inc. 

A. G. Sturrock, Wyckoff Steel Co. 

H. C. Swett, Bethlehem Steel Co., Inc., 
Pacific Coast Div. 


Honorary Membership: 


Edward J. Albert 
Simon Collier ine ont 
Theo. P. Dresser, Jr. 
a 


Stanton Walker 


Award of Merit: 
John J. Allen Robert R. Litehiser 
Frank E. Clarke Percy L. Rogers 
Thomas E. Eagan Anthony M. Schwartz 
Davis F. Gould Arthur G. Scroggie 
Russell B. Gunia Hubert R. Snoke 
Francis M. Howell John W. Whittemore 
Richard S. Hunter Lyman W. Wood 
James H. Lansing John S. Worth 


William Lerch 


Recognition of Technical Papers: 


Charles B. Dudley Medal (research).— 
G. B. Espey, M. H. Jones, and W. F. 
Brown, Jr. for their paper “The Sharp- 
Edge-Notch Tensile Strength of Several 
High-Strength Steel Sheet Alloys.” 

Richard L. Templin Award (testing). — 


| 
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E. A. Neppiras for his paper “Techniques 
and Equipment for Fatigue Testing at 
Very High Frequencies.” 

Sam Tour Award (corrosion).—A. K. 
Graham and H. L. Pinkerton for their 
paper “Standardizing the Preparation of 
Electrodeposits on Test Panels for Cor- 
rosion Testing.” 

Sanford E. Thompson Award (concrete, 
sponsored by Committee C-9).—Leonard 
Pepper and Bryant Mather for their 
paper “Effectiveness of Mineral Admix- 
tures in Preventing Excessive Expansion 
of Concrete Due to Alkali-Aggregate Re- 
action.” 

C. A. Hogentogler Award (soils, spon- 
sored by Committee D-18).—C. B. 
Crawford for his paper “The Influence of 
Rate of Strain on Effective Stresses in 
Sensitive Clay.” 


Recognition of Outstanding Contribu- 
tions: 


Max Hecht Award (industrial water, 


Fellowships and Grants-in-Aid 


The second ASTM free grant doctoral 
fellowship was awarded to the Massa- 
husetts Institute of Technology for the 
1961-62 academic year. This award, 
which provides for $1500 for the Univer- 
sity and $5000 for the student during the 
final year of full-time graduate work on 
his doctor’s degree, was given by MIT 
to Richard H. Krock. 


Al We. 
Report for 1960: el 


Full details of the fiscal operation of 
the Society for 1960 are included in the 
report of the auditors appearing in Ap- 
pendix I.* 

Operating Receipts: 
The figure of $1,343,675 budgeted for 


3 See p. 73. 
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sponsored by Committee D-19) —Claude 
K. Rice, Venezuela Gulf Refining Co., 
Venezuela, S. A. 

Harold deWitt Smith Memorial Award 
(textiles) Lyman E. Fourt, Assistant 
Director of Research, Harris Research 
Laboratories, Inc., Washington, D. C. 


ASTM Lectures: 


The Edgar Marburg Lecture on ‘The 
Nucleation and Growth of Ice Crystals” 
will be presented on Monday after- 
noon, June 26, at Haddon Hall, Atlantic 
City, N. J., by Dr. Bruce Chalmers, 
Gordon McKay Professor of Metallurgy, 
Harvard University. 

The H. W. Gillett Memorial Lecture 
on “Specifications?!.” will be presented 
on Tuesday afternoon, June 27, at Had- 
don Hall, Atlantic City, N. J., by Dr. A. 
B. Kinzel, Vice-President - Research, 
Union Carbide Corp. 


M 


Five $1000 grants-in-aid were made 
to the University of Illinois, The Penn- 
sylvania State University, Queen’s Uni- 
versity (Kingston, Ontario), Rutgers 
University, and Union College. Descrip- 
tions of the projects for which the grants- 
in-aid were made and the names of the 
recipients were published in the March 
issue of Materials Research & Science. 


Finances 


1960 was exceeded by $69,200. The total 
for the year was $1,412,898. Receipts for 
dues and entrance fees were $385,058 or 
27.3 per cent; the sale of publications 
amounted to $873,102 or 61.8 per cent; 
miscellaneous sources, namely, advertis- 
ing, income from investments, exhibits 
and registration fees, totaled $154,738 or 
10.9 per cent. The income from publi- 
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cations for 1960 was less than for 1959 be- 
cause this is the second year for the sale 


of the 1958 Book of Standards. 


Operating Expenses: 

Total expenses were $1,420,115, which 
included $214,500 placed in reserve to 
complete payment for the 1960 Supple- 
ments to the Book of Standards, the 
1960 Proceedings (the final bills for which 
will not be available until 1961), and 
$100,000 added to the reserve for the 
1961 Book of Standards. 

Operating Gains: 

Gross operating income over expense 
was $207,282, less funds placed in re- 
serve of $214,500. This shows a net loss 
for the year of $7218. The estimated 
loss budgeted at the beginning of the 
year was $68,325. 


Balance Sheet: 


On November 30, 1960 the total assets 
in the General Funds were $1,128,6234 
compared with the $1,102,822 a year ago. 
The balance sheet takes no account of 
the inventory of publications in stock. 
This is consistent with many years’ 
practice. An inventory of the principal 
technical publications is made regularly 
for the guidance of the staff in adminis- 
tering the publications operation. 
Building Fund: 

Assets in the Building Fund at the end 
of the fiscal year were $450,915. The total 
loan advance to the Building Fund now 
stands at $120,325. We are continuing 
to amortize at the rate of $17,000 per 
year as a part of headquarters occupancy 


4 Attention should be called to the fact that 
whereas the Balance Shects for both General 
Funds and Building Fund as shown in the Audi- 
tors’ Report are correct in themselves, adding 
the two together in the consolidated statement 
brings about a duplication of assets with respect 
to the Cherry Street and Arch Street proper- 
ties, inasmuch as the money for purchase of 
the properties was loaned (not given) to the 
Building Fund and hence still appears as an as- 
set in General Funds in the form of a note, 
whereas the property purchased with that money 
also appears as an asset in the Building Fund. 


costs and this item appears as such in the 
annual operating budget. 


Investments: 


The operation of the Investment Fund 
has continued with no changes. The firm 
of Loomis, Sayles & Co. is still retained 
as investment counsel. The income from 
investments is paid semiannually to the 
General, Building, Research, and other 
funds in accordance with their pro rata 
equity. As of November 30, 1960, the 
book value or cost of the securities in the 
fund totaled $945,749. Market value was 
$1,093,440. Total income was $40,973. 
1961 Budget: 


The accompanying summary of the 
1961 budget shows a modest net favor- 
able balance of $1325. If the receipts 
continue in the favorable percentage as 
shown in the first three months, there 
should be a much larger net gain at the 
end of the fiscal year. 

BupGcet SumMaryY—1961. 


Per 
Cent 

Estimated Receipts: 
Dues and Entrance Fees.| $393 675 | 26.4 
Publications. .......... 943 500 | 63.3 
Miscellaneous.......... 153 300 | 10.3 
Toray Current Recerpts.| 1 490 475 |100.0 


Estimated Expenses: 


Publications........... 581 500 | 39.0° 
Ea 543 700 | 36.5 
General Office Expense. . 151 500 | 10.2 
Technical Committee Ex- 
13 000 | 0.9 
26 750 1.8 
Headquarters Occupancy 
61 900 4.2 
Retirement, Insurance 
Miscellaneous.......... 38 500 | 2.6 
TotTat OPERATING 
GAIN......... 1 325 
$1 490 475 


* This figure does not include the usual carry- 
over into the following year to provide for the 
completion of the 1961 Book of Standards which 
is estimated to be on the order of $200,000. In 
previous budgets this has been included in the 
Book of Standards year. 
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The Board recognized the difficulties in 
Society administration resulting from the 
long-continued illness of the Executive 
Secretary, R. J. Painter. At the Annual 
Meeting in 1960, R. E. Hess was desig- 
nated Acting Executive Secretary and a 
special committee of the Board under- 
took the task of finding a successor to Mr. 
Painter. 

At the meeting of the Board of Direc- 
tors in September, 1960, Thomas A. 
Marshall, Jr., formerly Senior Assistant 
Secretary of The American Society of 
Mechanical Engineers, was elected to the 
position of Executive Secretary of 
ASTM, effective October 15, 1960. Mr. 
Painter was retained as Consultant to 
the Executive Secretary and since that 
time has devoted his major efforts to 
working with the Long-Range Planning 
Committee under the chairmanship of 
Past-President N. L. Mochel. Mr. Hess 
continues as Associate Executive Secre- 
tary, as Technical Secretary, and Editor- 
in-Chief, positions he has most ably filled. 
F. F. Van Atta, formerly Assistant 
Secretary, was appointed Treasurer with 
responsibility for the business activities 
of the Society. A. Q. Mowbray has been 
designated Editor of Materials Research 
& Standards. 


Headquarters: 


The matter of providing an adequate 
headquarters to meet the expanding 
needs of the Society has been under con- 
sideration by the Board for the past two 
years. A study of the Staff needs in the 
light of projected activities through the 
year 1980 has been prepared and it is ex- 
pected that an early decision will be 
reached by the Board with respect to 
selection of site and expansion of head- 
quarters facilities. 


Amendments to By-laws: 


During the past year the Board has 
given considerable study to the matter 


of membership services and the dues 


structure of the Society. As a result, 
amendments to the By-laws which mod- 
ify the services to which a newly elected 
member is entitled, as well as amend- 
ments providing for the conferral of life 
membership will be submitted to the 
membership at the Business Meeting to 
be held in Atlantic City during the 1961 
Annual Meeting. 


Regulations Governing the Board of 

Directors: 

The Regulations Governing the Board 
of Directors, including the necessary 
financial resolutions for the administra- 
tion of Society affairs, were reviewed by 
the Board after the appointment of the 
new Executive Secretary. Minor modi- 
fications were made in the Regulations 
and new resolutions adopted to provide 
for dual signatures to safeguard the So- 
ciety’s funds. In addition, the custody of 
the Society’s securities was transferred 
to the Girard Trust Corn Exchange 
Bank. This latter action should result in 
a reduction in Staff operating detail at 
no increased cost to the Society. 


Group Insurance for Members: 


The charter enrollment period for the 
new Group Insurance Program for 
ASTM Members closed on December 1, 
1960. As of that date more than 250 
applications had been received. The 
initial program included a loss-of-time 
plan and a major hospital plan. Provi- 
sions were also included for senior mem- 
bers to obtain protection. The Board has 
approved the adding of a high limit 
accidental death and dismemberment 
insurance plan to the existing program. 
This will provide the members with an 
opportunity to obtain such protection at 
group rates which are considerably less 
than the cost of providing such coverage 
on an individual basis. The contract for 
this additional plan has been signed, and 
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announcements were mailed to the mem- 
bers of the Society shortly before the 
1961 Annual Meeting. 


Name of Society: 


The Board reviewed the status of the 
proposals for changing the name of the 
Society which have been under study for 
the past two years. The Society’s present 
name, American Society for Testing Ma- 
terials, was chosen when the Society was 
chartered in 1902. The name chosen then 
reflected the Society’s beginning as the 
American Section of the International As- 
sociation for Testing Materials. Discus- 
sions were held by the President and the 


Organization: 


The Division continues to perfect its 
organization in line with its objectives 
as set forth in its scope: 


The promotion of knowledge of the funda- 
mental nature of materials. To this end, the 
division shall encourage and provide for the 
exchange and dissemination of knowledge 
through articles, papers, symposia, con- 
ferences, and by any other means that may 
be considered appropriate and effective. 

The division will be concerned broadly 
with the nature and origin of basic proper- 
ties of materials, that is, the relation of 
these properties to their structure, and will 
give special attention to matters common to 
more than one material or class of materials. 
Generally, the division will be concerned 
with specific materials only to the extent 
that their properties illustrate fundamental 
principles. 


The above scope and a general plan 
for organization of the the Division were 
accepted in principle by the Division 
Council—the  Division’s governing 
body—at its meeting during the Society’s 
1960 Annual Meeting. The by-laws pro- 
vide for a Division Executive Committee 
of from seven to twelve members with 
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Executive Secretary with district councils 
throughout the country during their visits 
in the fall of 1960 and the early months of 
1961. These discussions served to reem- 
phasize the importance of ASTM as a ma- 
terials society. The membership in these 
districts were almost unanimous in urging 
that the initials ASTM and the Society’s 
emblem be retained intact. A recom- 
mendation of the Board to change the 
Society’s name, with an appropriate 
change in the Charter, to “American 
Society for Testing and Materials” will 
be presented to the membership at the 
Business Meeting in Atlantic City on 
June 27,1964. 


Division of Materials Sciences 


staff secretary and a Division Council of 
up to 100 members representing the 
technical and administrative committees. 
A number of members-at-large are also 
included on the council. 

The Division Council elected the 
following officers and members of the 
Division Executive Committee: 

K. B. Woods, Chairman 

Richard T. Kropf, Vice-Chairman 

A. Allan Bates 

Jon Sullivan 

A. C. Webber 

I. V. Williams 
Frank Y. Speight was appointed staff 
secretary on recommendation of the 
Executive Secretary of the Society. 

According to the by-laws, the officers 
may serve for two successive terms of 
two years each, with elections held in 
even-numbered years. 

Proposed revisions of the by-laws also 
enlarge the Division Council by remov- 
ing the limitation of number of members 
but with the stipulation that the number 
of members-at-large may not exceed the 
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number of authorized committee repre- 
sentatives. 

The by-laws also provide for a mem- 
bership roster for the Division so as to 
allow those members of the Society who 
are interested in materials sciences to 
indicate their desire to participate in the 
Division’s activities. 

The results of the ballot on the by-laws 
will be reported to the Division Council 
at its meeting on June 27, 1961, at the 
Annual Meeting and further modifica- 
tions made to resolve any negative votes. 


Technical Program: 


At the Sixty-third Annual Meeting 
the Division sponsored two symposia— 
on Recent Progress in Materials Sciences, 
and on Nature and Origin of Strength of 


Materials. Papers from ares two sym- 
: tex 


American Standards Association: 

In addition to the matters reported in 
the Annual Report of the Administrative 
Committee on Standards, a change in the 
Constitution of the American Standards 
Assn. was submitted to the Member 
Bodies. This change enlarged the Board 
of Directors of ASA and revised the 
system for the nomination of the addi- 
tional directors. ASTM voted to approve 
the changed constitution of ASA. 


Government Contacts: 


A delegation from ASTM headed by 
the President and including Past-Presi- 
dent LaQue and the Executive Secretary 
met with representatives of the National 
Bureau of Standards and the Interna- 
tional Cooperative Administration in the 
offices of the Assistant Secretary of 
Commerce. This meeting was arranged 
as a result of correspondence between 
Mr. LaQue and Secretary of Com- 
merce Luther H. Hodges, and was de- 
voted to the desirability of having 


Cooperative Activities 


posia have been published under the 
title “Properties of Crystalline Solids” 
(ASTM STP 283). The two symposia 
were enthusiastically received by a ca- 
pacity audience. At the Sixty-fourth 
Annual Meeting, the Division is sponsor- 
ing a two-session symposium on Major 
Effects of Minor Constituents on Prop- 
erties of Materials.® The five papers will 
deal with metals, ceramics, polymers, 
organic liquids and plasmas. The empha- 
sis will be on review and education; broad 
participation by technical people work- 
ing in diverse fields is anticipated. 

The Division Executive Committee is 
planning for the future and will sponsor 
symposia or other events at the three 
national meetings in 1962—Committee 
Week in Dallas, the Annual Meeting in 
New York, and the Pacific Area Meeting 
in Los Angeles. 


selected ASTM standards made avail- 
able in Spanish and Portuguese for use 
in Latin-American countries. The current 
administration appeared receptive and is 
preparing a specific plan of action to 
implement such a program. 

A new ASTM-ASA Advisory Commit- 
tee to the National Bureau of Standards 
on Engineering and Related Standards 
has now been organized, replacing two 
former advisory committees to the Bu- 
reau. The ASTM representatives in- 
clude Messrs. A. A. Bates, F. L. LaQue, 
and N. L. Mochel, with M. N. Clair and 
the Executive Secretary as alternates. 
The ASA representatives are J. R. 
Townsend, G. F. Hussey, Jr., and J. W. 
McNair, with Cyril Ainsworth as alter- 
nate. W. A. Wildhack, General Secretary 
to the Director of the Bureau, is chair- 
man of the committee. 

The present ASTM Committee on 
Government Contacts under the chair- 


5 To be published as ASTM STP No. 304. 
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manship of N. L. Mochel continues. This 
committee has the responsibility for the 
supervision of all Government contacts. 


Engineers Joint Council: 


In January, 1961, the Society became 
an affiliate of Engineers Joint Council 
and commenced active participation on 
a number of EJC committees of impor- 
tance to ASTM. These include coopera- 
tion in technical planning, international 
relations, and national water policy. 

Engineers Joint Council is the federa- 
tion of major engineering societies which 
acts as an advisory and coordinating 
agency to seek out and study matters 
of mutual interest to its member bodies 
and recommend parallel action by them, 
and to foster cooperation among the 
various branches of engineering for the 
general welfare. In addition, EJC devel- 
ops recommendations regarding public 
policies in those areas where applica- 
tion of engineering will make a substan- 
tial contribution. The Council currently 
has eleven constituent societies, two 
affiliates, and a number of associates. The 
Board believes that by becoming affili- 
ated with EJC, ASTM will gain in 
recognition and stature as a scientific 
and educational society. 


National Research Council: Aina!" 


The Society was represented at the 
annual meeting of the Division of Engi- 
neering and Industrial Research of the 
National Research Council by W. H. 
Lutz and Past-President K. B. Woods. 
At this meeting the Division discussed 
the impact of patents on research and 
development, new area planning, and 
problems created by the rapid growth 
of science. Under this latter category the 
Division considered the problems of 
scientific meetings and the presentation 
and publication of scientific papers. 
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International Critical Tables: 

Critical tables—tables of carefully 
evaluated values of properties of mate- 
rials and physical and chemical con- 
stants—were published in the 1920's 
by McGraw-Hill under National Re- 
search Council auspices, with interna- 
tional cooperation as International 
Critical Tables. These tables have not 
been brought up to date, but the con- 
tinuing responsibility for critical tables 
still resides with the National Research 
Council and is effected through the 
Office of Critical Tables. A. V. Astin is 
chairman of the small executive com- 
mittee of the OCT and the director is 
Guy Waddington. 

The Society is represented on the OCT 
advisory committee by M. V. Otis of 
Tennessee Eastman Co. 

Present efforts of the OCT are toward 
the assembly of a comprehensive index 
to critical data wherever it may be pub- 
lished. It has already published a Di- 
rectory of Numerical Data Projects which 
includes several ASTM projects—on 
absorption spectral data, and X-ray 
powder diffraction data. Until recently 
the OCT had established no position on 
engineering data on properties of mate- 
rials. Now, however, it has been defi- 
nitely stated that the OCT will be 
concerned with engineering data such as 
that published under the auspices of the 
Joint ASTM-ASME Committee on 
Effect of Temperature on the Proper- 
ties of Metals. This stated change in 
policy of OCT places its objectives 
closer to those of ASTM and raises the 
question of communication and coordi- 
nation of critical tables projects within 
ASTM. 

The establishment of an ASTM com- 
mittee on Critical Tables is under con- 
sideration to focus the Society’s interest 
in this subject and to exchange infor- 
mation between the various numerical 


data projects. = 
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International Contacts: 


Pan American Standards Committee.— 
A round-table discussion on standards 
in Latin America was held in Buenos 
Aires in connection with a meeting of 
Union Panamericana de Asociaciones de 
Ingenieros (UPADI) in the fall of 1960. 
Out of this discussion arose renewed 
interest in the development of the Pan 
American Standards Committee to ful- 
fill its responsibilities in promoting 
standards in the South American coun- 
tries and assisting various countries in 
establishing their own standards. An 
organization meeting to adopt a con- 
stitution and to propose a program for 
PASC for the next three years and a 
plan for financing this operation was held 
in Montevideo April 24-27, 1961, and 
attended by 33 delegates representing 
Argentina, Brazil, Chile, Colombia, 
Peru, the United States, Uruguay, and 
Venezuela. 

The U. S. delegation was headed by 
J. R. Townsend, President of the Ameri- 
can Standards Assn. and Past-President 
of ASTM, and included Vice Admiral 
G. F. Hussey, Jr., U.S.N. retired, Manag- 
ing Director and Secretary of ASA, T. A. 
Marshall, Jr., Executive Secretary of 
ASTM, and Messrs. H. A. Hunnicutt, 
R. L. Kessler, B. J. Smith, and A. T. 
McPherson. 

Dr. A. Sinay Neves of General Elec- 
tric, South America, and a Past-Presi- 
dent of the Brazilian Standards Assn. 
(ABNT) was elected president of the 
reconstituted PASC, and Dr. Paulo Sa, 
Director of ABNT, was made its perma- 
nent Honorary President. Senora Ing. 


TRS, 
The Long-Range Planning Committee 
was established to determine whether, for 
the next decade, the Society organization 
and procedures are such that it can meet 


Long-Range Planning Activities 
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Beatriz Ghirelli de Ciaburri, Executive 
Director of the Argentine National 
Standards Organization (IRAM), will 
serve as provisional Executive Secretary. 
The headquarters will remain temporar- 
ily in Rio de Janeiro. 

Argentine Institute for Standardization 
of Materials.—In response to an invita- 
tion for the Society to participate in the 
25th anniversary of the Argentine Insti- 
tute for Standardization of Materials 
(IRAM) a scroll was transmitted by the 
Society and R. J. Painter prepared a 
paper on “‘Research and Standardization 
for Materials in the USA” which was in- 
cluded in the program and subsequently 
published in the regular journal of 
IRAM. 

Other Activities.—Highlighting a num- 
ber of activities in other areas are: the 
participation of a delegation from the 
USA, sponsored by Committee A-1, in 
the activities of ISO/TC 17 on Steel; 
development of plans for the participa- 
tion of the ASTM-ASME Joint Com- 
mittee on Effect of Temperature on 
Metals in cooperation with the Metals 
Engineering Division of ASME and the 
Institution of Mechanical Engineers 
(Great Britain) in a joint International 
Conference on Creep and Fatigue to be 
held in New York in 1963; and the 
discussions between ASTM and the 
International Union of Testing and 
Research Laboratories for Materials and 
Construction (RILEM) in the develop- 
ment of an International Symposium on 
the Use of Atomic Physics for Testing 
Materials. This symposium may be held 
in conjunction with the 1962 Nuclear 
Congress in New York. 


the challenges posed by industry and 
Government in the fields of research and 
standards for materials. LRP in its 
recommendations hopes to draw elements 
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in the Society closer together and to have 
ASTM organized so that there will be 2 
minimum of delays in handling problems 
that are developing so rapidly in the new 
technology. 

In undertaking its studies, LRP 
drafted some 60 broad questions, answers 
to which should indicate what changes 
and additions need to be made so that 
ASTM can best meet the challenges 
ahead. Among the major problems and 
subjects being covered by LRP are: 


. ASTM Name, Scope, Purposes, and Services, 

. Technical Committees, 

. Membership Promotion and Aspects, 

. Meetings: National, District, Committee; 

and Meeting Programs, 

. Standardization Procedures, 

. Research Activities, 

. Publications, 

. Inter-Society Relations, 

. Government Relations: Federal, 

Municipal, 

10. Promotional and Development, Publicity, 

11. University and Technical Schools, 

12. American Standards Assn.; International 
Standardization, 

13. Membership Appraisal, 

14. Board of Directors: Terms; Membership; 
Operations, 

15. Headquarters Staff Organization, 

16. Branch Offices, 

17. Location of Headquarters 
Facilities, and 

18. Finances. 
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To get a broad consensus of member- 
ship opinion, several subcommittees and 
special task groups were organized. Since 
its first meeting there have been some 30 
meetings of the main LRP and the sub- 
divisions. A complete list of meetings and 
subgroups will appear in the final report. 
Meanwhile, many members with long 
service and widespread experience, not 
only in ASTM, but also in the work of 
other societies, have been devoting many 
hours in evaluating questions and prob- 
lems. 

Based on recommendations from LRP, 
a number of actions have already been 
taken: Membership of the Board of 


Directors was increased; an annual 
doctoral fellowship award of $6500 was 
established; five annual grants-in-aid of 
$1000 each for work in materials are 
being made; the Materials Sciences 
Division, which is expected to become a 
very important part of ASTM opera- 
tions, stemmed from LRP recommenda- 
tions. 

While widespread publicity has not 
been given to the LRP work in some 
areas, the membership has been asked 
to comment, for example, on the desira- 
bility of a change in ASTM’s name to 
indicate better its broad scope with 
respect to materials. 

All of the suggestions are by no means 
affirmative. For example, a special task 
group of experts in the field of informa- 
tion retrieval functioning under the 
LRP Study Group on Publications has 
recommended that ASTM not sponsor a 
special symposium or sessions dealing 
with methods of information storage, 
evaluation, and retrieval. It is their 
belief that solutions to this problem are 
stili in the formative stages and such a 
symposium would only be repetitive of 
material already discussed and published 
under other auspices. Meanwhile, how- 
ever, a review paper for the information 
of ASTM members is being prepared for 
publication in Materials Research & 
Standards. 

At its May meeting the Board re- 
ceived final reports from LRP dealing 
with Membership and Membership Pro- 
motion, Inter-Society Relations, and 
Developmental Activities, and in addi- 
tion a partial recommendation in the 
publications area. The membership re- 
port proposes a more aggressive stimula- 
tion of the Society’s membership because 
of the very sound and worthwhile ser- 
vices the Society has to offer its members, 
both individual and company. In the 
field of inter-society relations, the nature 


of ASTM activity, embracing as it does — 
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the whole field of materials, justifies the 
development of more cooperative and 
helpful relations with other organiza- 
tions, particularly professional, scientific, 
and trade organizations. 

The Board has been apprised of prog- 
ress in several other important areas 
under study by LRP. Two subcommit- 
tees, one on Standardization Activities 
and Procedures under the chairmanship 
of Albert T. Goldbeck, and the other on 
Technical Committee Activities under 
the chairmanship of ASTM Vice-Presi- 
dent R. Wade Seniff, have been strug- 
gling with the important problem of im- 
proving our standardization procedures 
and our technical committee operations. 
In addition, the main committee itself 
has been studying the very important 
problem of the publication program of 
the Book of Standards which because of 
its growth has created problems in sev- 
eral areas, including printing, editing, 
and sales. 

The wisdom and knowledge of the 
many members and friends of the So- 
ciety participating in the LRP studies 
insures that there will be a thorough 


appraisal of almost every facet of ASTM 
operations. The main committee guiding 
these numerous studies and responsible 
for the recommendations being prepared 
for the Board of Directors is composed of 
the following current or former national 
officers of the Society: 


Norman L. Mochel, Chairman  F. L. LaQue 

A. A. Bates R. A. Schatzel 
M. N. Clair R. W. Seniff 
H.M. Hancock K. B. Woods 


Richard T. Kropf 


Robert J. Painter, formerly Executive 
Secretary and Treasurer, now Consult- 
ant to the Executive Secretary, is 
devoting a major portion of his time to 
assisting Mr. Mochel and LRP in their 
work. 


Respectfully submitted on behalf of 
the Board of Directors, 
A. ALLAN BATEs, 


President. 
T. A. MARSHALL, 
Executive Secretary. 
fetes, 
June, 1961. Saat 
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REPORT OF THE AUDITORS FOR THE FISCAL YEAR 
DECEMBER 1, 1959 TO NOVEMBER 30, 1960 


Philadelphia, December 23, 1960 
AMERICAN SOCIETY FOR TESTING MATERIALS 
Philadelphia, Pa. 


We have examined the accompanying balance sheet of the American Society for 
Testing Materials as of November 30, 1960 and the related statements of cash receipts 
and disbursements of general fund and building fund, statement of operations and 
surplus of the general fund, and statements of changes in special and designated 
funds for the period December 1, 1959 to November 30, 1960. Our examination was 
made in accordance with generally accepted auditing standards, and accordingly 
included such tests of the accounting records and such other auditing procedures 
as we considered necessary in the circumstances. 

It has been the practice of the Society to maintain its accounting records on the 
general basis of cash receipts and disbursements with the exception that accounts 
receivable for publication sales and dues receivable from members are recorded, and 
certain provisions for estimated publication costs and other reserves are also recorded. 
In addition, the accounts receivable include total billings of orders in those instances in 
which only partial shipments had been made. 

This method of keeping the accounts has its limitations in that financial statements 
prepared from the books do not reflect the Society’s financial position at any given 
date, nor the results of its operations for any definite period as they would be deter- 
mined from the application of generally accepted accounting principles. Accordingly 
we are unable to express an over-all opinion on the financial position of the Society at 
November 30, 1960, or the results of its operations for the period then ended. However, 
it is our opinion that cash, investments, fixed assets, building fund assets, and special 
and designated fund assets are presented fairly in the balance sheet, and that the 
statements of cash receipts and disbursements of, and changes in, the various funds 
are presented fairly and on a basis consistent with that of the preceding fiscal period. 


Respectfully submitted, 
ArtHur Younc & Company 
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4 BALANCE SHEET AS OF NOVEMBER 30, 1960 


‘ 
(Including Special and Designated Funds) . 


Investment Fund Participation (at cost) (market value $792 
Loans Receivable (Building 120 325.00 
Total Current Assets—General Fund.................... 1 088 185.83 
Furniture and Fixtures (at Cost Less Accumulated Depreciation) . 40 437.08 7 
Building Fund: 

Temporary Advance to General 45 000.00 

Investment Fund Participation (at cost) (market value $37 896.84) 32 822.90 4 v ‘ 

Building and Construction Costs.................. $342 659.22 
Less, Accumulated Depreciation................ 113 800.00 228 859.22 

Special and Designated Funds: 

Cash: tts 
Dudley Medal and Marburg Lecture 

Richard L. Templin Award Fund...... 336.05 
Sam Tour Award Fund............... 441.69 

Total Medal and Lecture Funds, Cash....... 1027.38 91933.64 

Investment Fund Participation (at cost) (market value $272 967 .60): say oie yd 

Dudley Medal and Marburg Lecture Fund........ 8 010.48 

Richard L. Templin Award Fund................. 2 563.36 

Sam Tour Award Fund....................00000. 1 995.04 

F. E. Richart Award Fund.................... bie 1 209.11 236 424.62 

Other Investments (at cost): 
Committee Funds (market value $117 015.63)..... 116 317.19 
ASTM Research Fund (market value $30 854.25).. 10 074.63 126 391.82 
Total Assets—Special and Designated Funds.........................- 454 750.08 


$2 034 287.69 


Ge 


po 
| 


General Fund: 
Current : 
Temporary Advance from Building Fund.................... $45 000.00 
Due Committees: 
Joint Committee on X-ray Diffraction..................... 196 027.34 
Joint Symposium Nuclear Meeting......................0: 1 476.77 
111.41 
International Organization for Standardization............. 1 133.55 
Provision for: 
ot Total Current Liabilities—General Fund................. 378 782.96 
Reserves: 
Life Membership Fund... $4 549.94 
Book of Stamdards 200 000.00 
Depreciation of Investments................... 20000.00 
Additional Cost of Replacement of Headquarters tout) oa 
Special Meeting Entertainment Account. . 
Grants—Educational 11 500.00 
339 389.74 
Total Liabilities and Surplus—General 
Building Fund: 
120 325.00 
Contributions from Members..................... 203 998.89 
Contributions from ASTM General Fund.......... 124 764.57 
Accumulated Income, Net. . tye PAR 1 826.24 330 589.70 
Special and Designated Funds: 
Committee Funds, Unexpended Balance.....................05 326 231.23 
ASTM Research Fund: 
Dudley Medal and Marburg Lecture Fund: 
Richard L. Templin Award Fund: 
Sam Tour Award Fund: 
F. E. Richart Award Fund 
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454 750.08 
$2 034 287.69 


1 
) | 
128 622.91 
450 914.70 
» 
x 
mass 
apd 


ANNUAL REpoRT OF BoARD OF Directors (APPENDIX 


SPECIAL AND DESIGNATED FUNDS 
As or NoveMBER 30, 1960 


100 Committee Funps 

Committee A-5 On corrosion of iron and steel......................-cceeeees 
Committee B-3 On corrosion of non-ferrous metals and alloys................. 
Committee B-4 On metallic materials for electrical heating, electrical resistance, 

Committee B-5 On copper and copper alloys, cast and wrought............... 
Committee B-6 On die-cast metals and alloys...........................005. 
Committee B-8 On electrodeposited metallic coatings........................ 


Committee C-1 


On cementitious, ceramic, concrete, and masonry materials: 


Cement reference laboratory—inspection................... 
Committee C-1-C-9 Cement and concrete reference laboratory............... 
Committee C-9 On concrete and concrete 
Sanford E. Thompson Medal 
Committee C-14 On glass and glass products. 
Committee C-15 On manufactured masonry 
Committee C-16 On thermal insulating materials. ........................ 
Committee C-18 On natural building stones. 
Committee D-1 On paint, varnish, lacquer, and related products.............. 
Committee D-2 On petroleum products and lubricants.....................-. 
DCC I Reference fuel 
Committee D-3 DCC II National exchange group........................... 
Committee D-4 On road and paving 
Committee D-9 On electrical insulating materials............. 
Committee D-11 On rubber and rubber-like materials......................... 
Committee D-12 On soaps and other 
Committee D-18 On soils for engineering 00 
Committee D-27 On electrical insulating liquids and gases..................... 
Committee E-2 On emission spectroscopy. 
Committee E-3 On chemical analysis of metals........................000005 
Committee E-7 On nondestructive 
Committee E-14 On mass spectrometry. . ‘cis 
Committee F-1 On materials for electron tubes and semiconductor devices... . . 


ASA sectional committee on a for cast iron Pipe and fittings—general 


funds. . 
Chicago district . 
Cleveland district 
Detroit district. 


Mississippi Valley 


Gistrict 


New England 


New York district 


Pacific Northwest district. ..... 


) indicate 


red figures, 


6 
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Sou 
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$970.30 We 
431.43 Ady 
: 2 404.45 Adr 
Joir 
51.74 
1.21 
3 651.84 Joir 
16.28 Res 
2 125.67 
(483.31) Act 
3 401.86 C 
6 111.28 I 
8.67 
176.77 
22.68 = 
613.74 
220.61 
18.68 
160.04 
1 385.09 
511.72 
1 179.77 
45 186.63 
(3 170.35) | 
1 118.84 Ba 
2 439.16 
58.57 
1 515.34 
233.12 Ba 
2 670.59 
19 79 In’ 
Ot 
j 0.99 
4°37 
119.61 
226.50 
6 222.55 
1 048.41 Be 
777.12 | 
340.63 
199.74 
43.86 
52 
291.00 
2 389.83 
717 O1 
B: 
518.56 
1 021.12 
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Philadelphia district special (annual meeting account) 


Western New York — Ontario district 
Advisory committee on corrosion 
Administrative committee on end-use products 
Joint committee on X-ray diffraction: 
Chemical analysis 
Research fellowship 


Accounted for as follows: 
Investments (at cost) (market value $117 015.63): 

$20 000 US Treasury 23s due 8/15/63...................... 
20 000 US Treasury 24s due 11/15/61..................... 
75 000 US Treasury 43 per cent due 5/15/65 
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7 117.51 


Reserve—future West Coast meetings... 


aut ASTM REsearcH Funp 
Principal Account 
-4 

Total Invested  Uninvested 
Cash 
frome Gomera 3 000.00 3 000.00 

Transfer from Income—Gain on Investments.......... 2 180.28 2 180.28 
Balance, November 30, 1960... 105 854.23 99 854.23 6 000.00 
Investment Fund 89 779.60 


Other Investments: 
618 shares General Motors Co. (Common) (Note A) 
48 shares American Telephone & Telegraph (Note A) 


Income Account 
Receipts: 
Interest, Dividends and Gain on Investments................... 


Contributions—ASTM General Fund 
Disbursements: 
Grants: 
American Electroplaters 
Research—University of 


Note A.—The income from these securities is paid to annuitants. 


99 854.23 
prone 


} 


2 000.00 11 811.74 


| 77 
$720.60 
4908.95 
226.85 
326 231.23 
047.01 
925.00 
| 
500.00 
500.00 
169.32 
602.89 3 952.49 | 
7 859.25 
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‘ve 
Descar AND MARBURG LECTURE FUND 
Transfer from Income—Gain on Investments. 
Balance, November 30, 1960, 


$7 815.94 
194.54 


Balances, 2, THD, $140.09 
Receipts: 
Interest, Dividends and Gain on Investments................... 511.62 
Transfers from General Fund...............0.0eeceeeeeeeeeeees 250.00 901.71 
Disbursements: 
RicHArD L. TEMPLIN AWARD FuND 
Principal Account 
Balance, December 1, 1959, Invested . $2 501.11 
Transfer from Income—Gain on Investments.....................2cececeeeees 62.25 
Income Account 
Receipts: 
Interest, Dividends and Gain on Investments................... 163.72 450.90 


Disbursements: 
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Sam Tour Awarp Funp Loe 
Transfer from Income—Gain on 48.45 
Income Account 
Receipts: 
Interest, Dividends and Gain on Investments................... 127.42 526.44 
Disbursements: 


F. E. Ricwart Awarp Funp 


Principal Account 


Total Invested Uninvested 
Cash 
$1 179.75 $1 179.75 
Transfer from Income—Gain on Investments......... 29.36 29.36 
Balance, November 30, 1960............ .. $1 309.11 1 209.11 100.00 
Income Account 
Balance, December 1, 1959, 134.64 
Receipts: 
Interest, Dividends and Gain on Investments....... 77.22 2 1.86 
Balance, November 30, 1960, Cash. $66.90 


i 
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GENERAL FUNDS: CASH RECEIPTS AND DISBURSEMENTS Op 
For THE Periop DEecEMBER 1, 1959 to NovemBER 30, 1960 
$136 569.41 
RECEIPTS 
Operating Receipts (Budgeted): 
Dues and Entrance Fees: : 
Income, Life Membership..................... 175.00 $385 058.30 
Sales of Publications: 
Book of Standards (Members, Additional Parts)... 100 
Book of Standards, 996.40 Sa 
Book of Standards, Ge 
Supplement to Book of Standards, 1959.......... 114 028.42 Ey 
Supplement to Book of Standards, 1960.......... 2 979.60 E3 
Methods of Chemical Analysis of Metals.......... 4 422.15 He 
Compilations of Standards...................... 140 854.55 ative we 
Selected Standards for Students................. 4 942.4 Ti 
Bulletin Subscriptions (Nonmembers)............ 7 182.15 Fi 
Special and Miscellaneous Publications. .......... 249 610.58 873 101.58 9 
Miscellaneous: 
50 253.11 G 
Interest and M 
Registration and Other Fees—Meetings........... 35 315.00 die 
ASTM Exhibit at Annual Meeting............... 17 526.00 
Furniture and 15.00 N 
Excess Remittances. $4 472.85 
Committee C-1 for Technical Assistant........... 3 324.98 7 
Sale of X-Ray Diffraction Cards................. 139 551.80 
From Building Fund on Account of Loan......... 17 000.00 oO 
Gain on Sales of 16 667.08 
Loan from Investment Fund.................... 20 000.00 
Loan from Building 75 000.000 
San Francisco—Buffet Supper................... 185.00 
International Organization for Standardization - 
Technical Committee 17—Meeting............ 2 685.59 
Annual Meeting—Luncheons.................... 1 994.50 
Annual 446.85 
Total Receipts for Period December 1, 1959 to November 30, 1960 and 


be, oi - 


rex) 


seal 
413 728.67 
mer 


vil 


A 


791 887.05 vad | 


456 510.24 


DISBURSEMENTS 
Operating Disbursements (Budgeted): 

Publications: 

Book of 
Supplement to Book of Standards—1959........ . 
Supplement to Book of Standards—1960....... 18 192.91 
Compilations of Standards.................... 47 521.23 
Methods of Chemical Analyses of Metals....... : 
3 821.02 
Special and Miscellaneous and West Coast Publi- 

Expenses—Technical and District Committees... . . . 14 429.01 
Headquarters Occupancy Expense (Includes $15 000 

Depreciation on Buildings)...................... 61 501.76 
American Standards Association. .................. 2 250. 
Traveling Expense, Administrative and Special Com- 

Dues, Contributions, Miscellaneous................ 3 944.71 
ASTM Educational Fund: Grants.......... aeons 11 500.00 
Employees’ Retirement Fund..................... 46 595.73 
Nonoperating Disbursements (Not Budgeted): 

Refund of Excess Remittances................... 4 472.85 

Technical Assistant Committee C-1.............. 3 270.98 

Transfer to Joint Committee on X-Ray Diffraction. 160 000.00 

Costs and Refunds X-Ray Diffraction Cards. ..... 42 286.99 

Executive Retirement Reserve................... 1 200.00 

Employee Retirement Reserve................... 290.64 

Book of Standards—1959 Supplement............ 81 000.00 

Repayment of Load from Investment Fund....... 20 900.00 

Repayment of Loan from Building Fund.......... 30 000.00 

Annual Meeting—Luncheons.................... 2 319.58 

Annual 521.20 

Special Annual Meeting Account................ 1 000.00 

International Organization for Standardization 

Technical Committee 17—Meeting............ 552.04 
Cash Balance, November 30, 1960.................2s0000: 


1 662 125.96 
$169 325.77 


831 451573 
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BUILDING FUND: ASSETS AND LIABILITIES 
As OF NOvEMBER 30, 1960 
a ssets 1 
Cash—Girard Trust Corn Exchange Bank, 

Pund Particivation Gat Geet)... 32 822.90 

Properties (at cost): 
1916-18 Race Street, Philadelphia, Pa.: 
Construction (Net of Salvage)........... 138 690.83 <<t 
Reinstallation of Cast Iron Railing. . . . 100.00 Sei war 4 
165 294.18 iz 
_ Less, Accumulated Depreciation............. 77 783.05 87 511.13 $117 511.13 
1921-1927 Cherry Street, Philadelphia, Pa. ge 
and 1922-1928 Quarry ‘Street, Philadelphia, aoind 
Pa.: ‘ua 

116 508.82 

Less, Accumulated Depreciation............. 26 416.95 90 091.87 120 891.87 | 

1921-23 Arch Street, Philadel hia, Pa. and 1920 utiad pia 
Cherry Street, Philadelp ia, Pa.: ee 

Less, Accumulated Depreciation............. 9 600.00 50 365. 75 120 365.75 
1919 Street, Philadelphia, Pa.: =). 
Liabilities and Funds 
Loan Payable to ASTM General 120 325.00 
Contributions from 203 me 
Contributions from ASTM General Fund................ 124 764 
Accumulated Income (Net).......................2.5.. 1 826. H 330 589.70 $450 914.70 
iv 
le 
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BUILDING FUND: CASH RECEIPTS AND DISBURSEMENTS» 


| For THE PERIOD DECEMBER 1, 1959 To NovEMBER 30, 1960 


Cash Balance, December 1, 1959 


Interest and Dividends on Investments.................000ceeeeeees 1 299.24 


From ASTM General Fund: 
On Account of Depreciation on Buildings, Elevator and Air Condition- 


On Account of Amortization of Note.................cceeeeeeeees 17 000.00 
On Account of Temporary Advance. ............ccccccccccecccees 30 000.00 70 855.74 
103 434.51 
Disbursements 
Cherry Street property: 
Arch Street property: 
135.00 
Race Street Property: 
Reduction of Loan from ASTM General Fund....................... 17 000.00 
Temporary Advance to ASTM General Fund........................ 75 000.00 Sjuy'l 
Reimbursement of Contribution from Member....................... 100. r 
Transferred to Investment Fund............. 797.10 97 661.35 
| ” ASTM INVESTMENT FUND 
As OF NOvEMBER 15, 1960 andl he? 
Investments (at cost) (Market value $1 093 440.71)............ 945 748.54 Fuma ¢r . 
Particrpation By Funps 
Net Profit, 
Sale of Participation 
Participation Securities November 15, 
November 16, Reinvested 1960 
1959 
$669 649.23 $16 667.08 $686 316.31 
dade 129 640.38 3 226.65 132 867.03 
Medal and Lecture Fund....................000 7 815.94 194,54 8 010.48 
Richart 1 179.75 29.36 1 209.11 
$932 358.12 $23 205.71 $955 563.83 
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ASTM INVESTMENT FUND: CASH RECEIPTS AND DISBURSEMENTS So 
For THE Periop Novemser 17, 1959 ro NovemBeEr 15, 1960 Par | 
Receipts | 8 
Interest and Dividends on Investment............... $40 972.83 20 
Interest on Savings 101.42 15 
Total Interest and $41 074.25 
Proceeds from Sales of Investments................. 217 713.15 f 
Reinvestment of Capital Gain by Participants...... 23 205.71 | 15 
Repayment of Loan to General Fund................ 20 000.00 260 918.86 
at 
Purchase of 232992.67 = | 45 
Distribution of Interest and Dividends and Gain to Participants: uh 50 
Interest and 
Dividends Gain | 3 
eee $27 166.58 16 667.08 15 
Committee Funds.................. 5 259.29 3 226.65 20 
3 553.76 2 180.28 45 
Medal and Lecture Fund........... 317.08 194.54 15 
Templin Award Fund.............. 101.47 62.25 
Sam Tour Fund................... 78.97 48.45 
47.86 29.36 
$37 824.25 $23 205.71 61 029.96 
Total Disbursements............ 317 272.63 si 
Cash Balance, November 15, 1960... 9 815.29 
Balance Composed of: 


wine ce te 
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wi t INVESTMENT FUND: LIST OF SECURITIES hi. RE; 
_ As oF NOvEMBER 15, 1960 uth. 
Shares or Cost or Market 
Par Value Bonds Book Value Value 
$10 000 Commercial Credit Co. 43 per cent 3/1/77............. 806. $9 300.00 
20 000 Consolidated Natural Gas Co. Deb. 5s 2/1/85......... 20 383.50 20 100.00 ‘ 
8 000 Consumers Power Co. ist 4} per cent 10/1/87.......... 8 100.00 8 100.00 s 
20 000 General Motors Acceptance Corp. 34 per cent Deb. 
15 000 General Motors Corp. 3} per cent Deb. 1/1/79......... 14 925.00 13 500.00 4 
20 000 Scott Paper Co. 3 per cent Conv. Deb. 3/1/71......... 20 377.80 22 350.00 
15 000 Southern Natural Gas Co. 1st Mtg Pipe Line S F 3} per : 
15 000 Southwestern Bell Telephone Co. 4} per cent Debs. q 
15 000 Superior Oil Co. 3} per cent Deb. 7/1/81.............. 15 000.00 13 668.75 
10 000 Tennessee Gas Transmission Co. Ist Mtg Pipe Line 43s 
10 000 U. S. Federal Land Banks 4 per cent 9/20/61.......... 10 027.00 10 062.50 
10 000 Federal Land Banks 3j per cent 9/15/72.............. 806.25 9 650.00 d s 
15 000 Twelve Federal Land Banks 44 per cent 2/15/72-67.... 15 000.00 14 850.00 
15 000 Federal National Mortgage Association 4} per cent 
15 000 U. S. Treasury 24s 6/15/67-72.... ee 14 694.08 13 059.38 
14 934.38 14 976.56 4 
15 000 U. S. Treasury 3} per cent 5/15/64................... 15 000.00 15 051.56 ; 
20 056.25 20 143.75 
45 000.00 46 532.81 
Preferred Stocks 
Shares 
30 Endicott Johnson Corp. 4 per cent Cum Pfd........... $2 937.50 $2 400.00 
i 30 General Motors Corp. $5 Cum Pfd.................... 3 755.80 3 142.50 
30 Long Island Lighting Co. 4.35 per cent Series E Cum Pfd 3 015.00 2 610.00 
30. P. Lorillard Co. 7 per cent Cum Pfd.................. 4 380.00 4 080.00 
| 30 Mississippi Power & Light Co. 4.36 per cent Cum Pfd... 3 075.00 2 580.00 
100 Philadelphia Electric Co. 4.4 per cent Cum Pfd......... 10 670.00 9 850.00 
30 Westinghouse Electric Corp. 3.80 per cent Cum Pfd Ser- 
Total Preferred Stocks 
* Market value not available. 
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Shares Common Stocks 
150 Abbott $8 884.37 $8 400.00 
202 Allegheny Ludlum Steel Corp... ................205. 8 111.87 7 272.00 
100 Aluminum Co. of America... ................ceeeee. 2 061.45 6 825.00 
> ere 6 922.26 6 025.00 
100 Amerada Petroleum Corp............-.-.2eeeseeeeee 10 399.35 6 850.00 
7 769.21 12 731.25 
300 American Telephone & Telegraph Co................. 17 465.36 28 200.00 
2 095.99 6 440.00 
: 200 Cleveland Electric Illuminating Co................... 8 271.00 9 900.00 
300 Consolidation Coal Co.............. 12 071.32 9 150.00 
SO E. I. duPont de Nemours & Co...........2......005: 6 544.18 9 700.00 
7 200 Emhart Manufacturing Co.......................005 10 938.85 11 000.00 
re 400 Federated Department Stores, Inc................... 14 007.82 14 800.00 
General Mills, Inc... ......... 10 630.89 13 162.50 
675 General Telephone & Electronics Corp............... 3 312.82 18 393.75 
¥ 400 Goodyear Tire & Rubber Co...................00005 14 020.38 15 600.00 
Grant Mocthorm Paper 12 688.34 6 450.00 
of 238 Houston Lighting & Power Co.—Texas.............. 8 061.31 19 992.00 
9 686.01 9 400.00 
8 063.78 10 875.00 
Jones Isaughlin Steel 2 670.72 5 898.38 
3 887.50 8 125.00 
Northern Illinois Gas 8 467.44 7 900.00 
100 Northern Indiana Public Service Co.................. 6 295.25 6 300.00 
300 J. C. Penny Co....... 12 644.63 12 750.00 
2 250 Peoples’ Gas, Light & Coke........................ 13 632.36 15 687.50 
337 Philadelphia Electric Co.................-.ceeeeeees 9 327.20 17 187.00 
105 Philips’ Gloeilampenfabrieken...................... 8 847.80 16 800.00 
+a 500 Potomac Electric Power Co....................0000: 13 122.32 14 875.00 
203 Radio Corporation of America. ..................4.. 11 025.30 11 088.88 
— 8 523.26 11 050.00 
10 515.69 23 100.00 
100 Southern California Edison Co...................... 6 558.01 6 100.00 
200 Standard Oil Co. of Indiana........................ 11 969.64 8 850.00 
288 Standard Oil Co. of New Jersey..... 8 971.97 11 664.00 
_ Tennessee Gas 10 483.88 10 350.00 
10 538.45 9 975.00 
200 Western Union Telegraph Co....................0065 9 359.38 7 950.00 
Westinghouse Electric 15 644.26 24 480.00 
242 Wisconsin Electric Power Co......................-. 8 078.13 9 740.50 
Total Common Stocks... 476 514.43 628 507.89 
Summary 

476 514.43 628 507.89 


$945 748.54 $1 093 440.71 
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REPORT OF ADMINISTRATIVE COMMITTEE ON STANDARDS 


. The Administrative Committee on 
Standards is responsible to the Board of 
Directors for the supervision of the 
standardization activities of the Society. 
In carrying out this responsibility during 
the past year, the administrative com- 
mittee has actively concerned itself in 
the following areas of standardization: 

1. Promotion and expansion of stand- 
ardization work in new fields, 

2. Formulation of: a general policy 
concerning standardization activities, 

3. Review of the Society’s stand- 
ardization work, and 

4. Action on recommendations from 
technical committees on proposed new 
standards and proposed amendments of 
existing tentatives or of existing stand- 
ards offered between Annual Meetings of 
the Society. 

These activities of the Administrative 
Committee on Standards are described in 
more detail later in this report, but the 
more important actions taken in the sev- 
eral categories are referred to briefly here. 
In the area of promotion and expansion 
of standardization work, the administra- 
tive committee took action on the 
following: (1) Ceramics for Electronics, 
(2) Sensory Evaluation of Materials and 
Products, (3) Methods for Analysis of 
Radioisotopes, (4) Skid Resistance, (5) 
Gas Chromatography, and (6) Slide 
Fasteners. 

The administrative committee has 
given serious consideration to several 
matters having to do with general policy 
concerning standardization activities: 
1. Multiple sponsorship of sectional 


| 


committees 
Procedure, 

2. A new procedure in lieu of. the 
present annual meeting procedure in 
acting upon recommendations from the 
technical committees, and 

3. The establishment of a policy with 
respect to detailed descriptions of ap- 
paratus used in ASTM methods of 
testing. 


functioning under ASA 


Actions by the Sociely at 1960 Annual 

Meeting: 

In the area of review of the Society’s 
standardization work, the administra- 
tive committee took cognizance of the 
recommendations affecting standards 
accepted by the Society at the 1960 
Annual Meeting. The various actions 
reported are: 


New Standards and Existing Tentatives 


Adopted as Standard.....:........... 151 
Standards in Which Revisions Were : 

Standards Revised and Reverted to Tenta- 

Tentative Revisions of Standards......... 12 
Standards and Tentatives Withdrawn. .... 12 


Actions by the Administrative Committee 
on Standards During the Year: 


It is encouraging to note that an in- 
creasing number of the technical com- — 
mittees are taking advantage of the | 
procedure of the Administrative Com- 
mittee on Standards for action on re- 
commendations between annual meetings. 
During the past year, no less than 28 


| 

: 
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technical committees submitted a total 
of 130 proposals for review and action as 
follows: 


56 
Revisions of Tentatives................. 46 
Standards Revised and Reverted to Tenta- 
Tentative Revisions of Standards......... 5 
Tentative Withdrawn..............2.... 1 


In addition, reports from seven 
sectional committees, for which ASTM 
serves as sponsor, were reviewed as 
referred to in a later section of this 
report. 


The Administrative Committee on 
Standards carries on the bulk of its 
activities through correspondence. Since 
the last Annual Meeting of the Society, 
the committee held one meeting on 
Sept. 29, 1960, at Society Headquarters. 

An election of officers was held at the 
September meeting at which time G. H. 
Harnden was elected chairman. The 
retiring chairman, J. H. Foote, had 
served for a period of seven years and the 
committee wishes to record its sincere 
appreciation of his interest and devoted 
service during these years. 


EXPANSION OF STANDARDIZATION 
ACTIVITIES 


A number of new standardization 
projects are discussed below: 

Skid Resistance—Mention was made 
in the report a year ago of considerations 
that had developed as a result of a 
request from the Highway Research 
Board that the Society undertake work 
in the field of methods of testing that 
would be helpful in connection with the 
problem of skid resistance. In the light of 
these discussions, the Board authorized 
a new Committee E-17 on Skid Resist- 
ance which held its organization meeting 
during the Annual Meeting in 1960. 
While the original inquiry had in mind 
primarily skid resistance of highways, 


the scope of the new committee jis 
sufficiently broad to encompass all types 
of traffic surfaces. 

Ceramics for Electronics—The 1960 
report referred to a new Committee C-25 
on Ceramics for Electronics that had 
been authorized as a result of a request to 
establish a committee to work with the 
newly formed Electronics Division that 
had been organized by the American 
Ceramic Society. The organization meet- 
ing of this committee was held on April 
28, 1960. 

Sensory Evaluation of Materials and 
Products—Under the heading ‘“Psycho- 
physical Testing” the report a year ago 
gave some of the history leading up to the 
organization of a new Committee E-18 on 
Sensory Evaluation of Materials and 
Products. The organization meeting of 
the committee was held on Oct. 12, 1960. 
This committee will serve as the focal 
point for discussions in which a number 
of ASTM technical committees are 
concerned since many of these com- 
mittees are faced with this type of 
evaluation in connection with such 
properties as odor and taste that may be 
transmitted to products in which the 
materials under the jurisdiction of these 
committees come in contact. 

Gas Chromatography—Seldom 
such enthusiasm been shown in connec- 
tion with the organization of any work by 
the Society as that which developed with 
respect to the organization of the new 
Committee E-19 on Gas Chromatog- 
raphy. Several of the Society’s com- 
mittees had already started work on 
specific methods in this field, but when 
Committee E-15 on Analysis and Testing 
of Industrial Chemicals took steps to 
organize a new subcommittee to deal 
with the general aspects of such methods 
of testing, it developed that the interest 
was so widespread that a new technical 
committee should be established, which 
was promptly authorized by the Board. 
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Over 100 potential members attended 
the organization meeting held on Feb. 6, 
1961, and the subcommittee organization 
is already functioning. 

Methods for Analysis of Radioisotopes. 
—Upon looking into the question of 
undertaking work on methods of analysis 
of radioisotopes, it developed that this 
would be an appropriate subject for 
Committee E-10 on Radioisotopes and 
Radiation Effects, and this committee 
has accepted jurisdiction for this work. 
In this the committee will have the 
cooperation of Committee E-3 on 
Chemical Analysis of Metals and of 
Committee E-15 on Analysis and Testing 
of Industrial Chemicals which had been 
making inquiry concerning the subject. 

Slide Fasteners—One of the projects 
requiring early attention in the estima- 
tion of the Subcommittee on Ultimate 
Consumer Textile Products of Com- 
mittee D-13 on Textile Materials was 
that of evaluating slide fasteners. 
Complete methods were developed in the 
committee, but since engineering design 
is involved to some degree the subject 
was brought to the attention of the 
Board of Directors. The Board author- 
ized this work to proceed subject to 
review by the Standards Committee. 
The committee has approved the sub- 
mission of these standards to the Society 
for publication as tentative. 

Gall and Wear Testing—Although 
considerable interest had been expressed 
in having the Society undertake work in 
the field of gall and wear testing, no 
progress can be reported up to this time 
with respect to any further develop- 
ments. 

End Products—More and more the 
Society is being approached for specifica- 
tions covering end products. One of these 
requests dealt with plastic products for 
use in the building industry and was 
brought to the Society’s attention by the 
Building Research Advisory Board. 
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Similarly, requests have been received in 


connection with aluminum guard rails for — 


highways, and more recently specifica- 


tions in the glass field such as glass 


piping. The Society’s Committee C-14 on 
Glass and Glass Products is being looked 
to to explore the possibilities in this field. 


RELATIONS WITH AMERICAN 
STANDARDS ASSN. 


Two methods under the procedure of — 
the American Standards Association are — 
used by ASTM in submitting recom- 


mendations to the ASA. One is a com- 
bination of the so-called existing stand- 


ards procedure and the proprietary — 


sponsorship procedure. On the initial 
reference of an existing ASTM standard 
to the ASA, it is submitted under the 


existing standards procedure with a 


supporting statement giving a history of 


the development of the standard and 
indicating the degree of its acceptance. 
If the standard is approved as American — 
Standard, the ASTM is granted pro-- 


prietary sponsorship insofar as any 
future revisions are concerned, and such 


revisions are brought to the attention of _ 
the ASA currently for approval under 


the proprietary sponsorship procedure. 
The second method consists of having 
standards reviewed in a sectional com- 
mittee made up of representatives of a 
number of interested organizations, 
usually with the ASTM as sponsor or co- 
sponsor of the sectional committee. 


Standards Submitted Under the Existing 


Standards Procedure: 


No standards were submitted to the | 
ASA during the year under the existing _ 


In view of the Society having been _ 


standards procedure. 


Revised Standards Submitted Under the 
Proprietary Procedure: 


designated as proprietary sponsor for the 
revision of ASTM standards that had 


| 
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been approved as American Standard 
under the existing standards procedure, 
it has submitted to the American Stand- 
ards Association during the year re- 
visions of 3 standards relating to steel, 1 
relating to corrosion of iron and steel, 1 
relating to copper and copper alloys, 1 
relating to electrodeposited metallic 
coatings, 1 relating to refractories, 3 to 
gypsum, 3 to manufactured masonry 
units, 1 to wood, 3 to bituminous ma- 
terials for waterproofing, 1 to soap, 1 to 
plastics, and 1 to thermometers. 


Standards Submitted Under the Sectional 
Committee Procedure: 


During the year, the following sec- 
tional committees, for which the Society 
is sponsor, took action to present recom- 
mendations to the ASA as follows: 

Sectional Committee Al on Hydraulic 
Cements—This committee has recom- 
mended the approval as American Stand- 
ard of 8 standards, the approval of 
revisions of 9 American Standards, and 
the reaffirmation of 1 American Stand- 
ard. 

Sectional Committee B36 on Wrought- 
Iron and Wrought-Steel Pipe and Tubing. 
—This committee has recommended the 
approval of revisions of 14 American 
Standards. 

Sectional Commiitee C7 on Bare 
Electrical Conductors—This committee 
has recommended the approval as 
American Standard of 3 ASTM stand- 
ards, the approval of revisions of 11 
American Standards, and the reaffirma- 
tion of 2 American Standards. 

Sectional Committee C59 on Electrical 
Insulating Materials—This committee 
has recommended the approval of 
revisions of 2 American Standards and 
the withdrawal of 1 American Standard. 

Sectional Committee L14 on Textile 
Test Methods—This committee has 
recommended the approval of revisions 
of 6 American Standards and the with- 
drawal of 3 American Standards. 


Sectional Committee Z11 on Petroleum 
Products and Lubricanis—This com- 
mittee has recommended the approval 
as American Standard of 3 ASTM stand- 
ards, the approval of revisions of 9 
American Standards, and the reaffirma- 
tion of 35 American Standards. 

Sectional Committee Z23 on Sphecifica- 
tions for Sieves for Testing Purposes — 
This committee has recommended the 
approval of revisions of 1 American 
Standard. 


INTERNATIONAL RELATIONS 


The international discussions, par- 
ticularly under the International Organi- 
zation for Standardization (ISO) and the 
International Electrotechnical Commis- 
sion (IEC), are assuming ever greater 
significance. A number of the European 
countries apparently wish to have the 
standardization discussions handled in- 
ternationally and much of the work is 
supported here rather than in the de- 
velopment of individual national stand- 
ards. In certain areas these international 
discussions are having a definite impact 
on the standardization in this country, 
and a number of ASTM committees are 
following these international discussions 
quite closely with the thought that the 
ASTM standards and the international 
recommendations should be in harmony. 
A list of the various ISO and IEC pro- 
jects in which ASTM is interested and 
which continues to grow year by year is 
given below. Reports appear currently in 
Materials Research & Standards in 
connection with meetings of these ISO 
committees, which refer to the actions 
taken and to the delegations that attend 
these meetings. 


ISO Committees: 


Aromatic Hydrocarbons —ASTM Com- 
mittee D-16. on Industrial Aromatic 
Hydrocarbons and Related Material is 
handling participation by the United 
States in the work of ISO/TC 78 on 
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Aromatic Hydrocarbons for which Great 
Britain holds the secretariat. 

Asbestos - Cement Products-—ASTM 
Committee C-17 on Asbestos-Cement 
Products is handling participation by the 
United States in the work of ISO/TC 77 
on Asbestos-Cement Products for which 
Switzerland holds the secretariat. 

Cast Iron—Great Britain holds the 
secretariat for ISO/TC 25 on Cast Iron. 
The Advisory Committee of ASTM 
Committee A-3 on Cast Iron has been 
designated to handle participation by the 
United States. 

Chemistry.—Italy holds the secretariat 
for ISO/TC 47 on Chemistry. The 
United States recently has become a 
participating member of this committee 
so far as test methods are concerned, and 
ASTM Committee E-15 on Analysis and 
Testing of Industrial Chemicals will 
handle United States participation. 

Copper and Copper Alloys.— The 
United States found it necessary to 
relinquish the secretariat for ISO/TC 26 
on Copper and Copper Alloys but it will 
continue to participate in the work 
through the Advisory Committee of 
ASTM Committee B-5 on Copper and 
Copper Alloys, which has _ been 
designated as the American Group for 
this ISO work. 

Fibre Building Board—ASTM Com- 
mittee D-7 on Wood has recommended 
that United States participation in the 
work of ISO/TC 89 on Fibre Building 
Board be limited to that of observer. 
Germany holds the secretariat for ISO/ 
TC 89. 

Fire Tests for Building Materials and 
Structures Committee E-5 on 
Fire Tests of Materials and Construc- 
tion has recommended against United 
States participation in the work of 
ISO/TC 92 on Fire Tests for Building 
Materials and Structures on the basis 
that such participation could not be 
justified in view of the expense involved. 

Hydraulic Binders—ASTM Com- 


mittee C-1 on Cement is being looked to 
to be responsible for the technical 
participation on the part of the United 
States in the work of ISO/TC 74 on 
Hydraulic Binders for which Belgium — 
holds the secretariat. 

Iron and Steel.—The United States is 
now participating in the work of ISO/TC 
17 on Steel and the group to handle this 
participation has been set up under 
Committee A-1 on steel. Great Britain 
holds the secretariat for ISO/TC 17. 

Laboratory Glassware—Great Britain 
holds the secretariat for ISO/TC 48 
on Laboratory Glassware. The United 
States is participating in this work 
through a special group on which ASTM 
is represented through Committee E-1 
on Methods of Testing. 

Light Metals and Alloys—The Ad- 


visory Committee of ASTM Committee © 
B-7 on Light Metals and Alloys has 


been designated to handle American 
participation in the work of ISO/TC 79 
on Light Metals and Alloys. France holds 
the secretariat for this ISO committee. 

Mica.—Subcommittee IX on Mica of 
ASTM Committee D-9 on Electrical 
Insulating Materials has been set up to 
handle the contacts by the United States 
with ISO/TC 56 on Mica for which 
India holds the secretariat. 

Paper—Participation by the United 
States in the work of ISO/TC 6 on Paper 
is being handled by a special committee 
composed of representatives of ASTM, 
the Technical Association of the Pulp 
and Paper Industry, and other interested 
groups. France holds the secretariat for 
this ISO committee. 

Petroleum—tThe United States 
the secretariat for ISO/TC 28 on Pe- 
troleum Products, the technical work 4 


the secretariat being under the purview 
of Sectional Committee Z11 on Pe- 
troleum Products and Lubricants, for 
which ASTM is sponsor. 

Plastics —The United States holds the 
secretariat for ISO/TC 61 on Plastics. 
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ASTM Committee D-20 on Plastics is 
handling the work of the secretariat and 
has organized for the purpose a special 
committee consisting of representatives 
of the various groups interested. 

Raw Materials for Paints, Varnishes, 
and Similar Products—ASTM Commit- 
tee D-1 on Paint, Varnish, Lacquer and 
Related Products is handling United 
States contacts with ISO/TC 35 on Raw 
Materials for Paints, Varnishes, and 
Similar Products, for which The Nether- 
lands holds the secretariat. 

Refractories Committee C-8 
on Refractories is handling United States 
contacts with ISO/TC 33 on Refrac- 
tories for which Great Britain holds the 
secretariat. 

Rubber —The secretariat for ISO/TC 
45 on Rubber is held by Great Britain. 
The American Group for participation in 
this ISO committee has been set up under 
ASTM Committee D-11 on Rubber and 
Rubber-like Materials. 

Shellac—Subcommittee XIII on 
Shellac of ASTM Committee D-1 on 
Paint, Varnish, Lacquer and Related 
Products has been set up as the American 
committee in charge of contacts with 
ISO/TC 50 on Lac for which India holds 
the secretariat. 

Shipbuilding Details Consideration 
is being given to the matter of participa- 
tion by the United States in the work of 
ISO/TC 8 on Shipbuilding Details. 

Sieves—Sectional Committee Z23, 
for which the Society is co-sponsor with 
the National Bureau of Standards, 
handles the contacts for the United 
States in the work of ISO/TC 24 on 
Sieves. 

Solid Mineral Fuels—ASTM Com- 
mittee D-5 on Coal and Coke is handling 
the contacts of the United States with 
ISO/TC 27 on Solid Mineral Fuels for 
which Great Britain holds the secretariat. 

Surface Active Agents—ASTM Com- 
mittee D-12 on Soaps and Other Deter- 


gents has recommended participation by 
the United States in the work of ISO/TC 
91 on Surface Active Agents. This has, 
however, not yet been cleared in the 
American Standards Assn., particularly 
as to organization of the United States 
group to handle this participation. 
Statistical Treatment of Series of 
Observations——The Netherlands holds 
the secretariat for ISO/TC 69 on Statis- 
tical Treatment of Series of Observa- 
tions. The United States is participating 
in this work through a special group on 
which ASTM is represented. 
Textiles—Great Britain holds the 
general secretariat for ISO/TC 38 on 
Textiles, but the United States holds 
the secretariat for several subcommit- 
tees. Participation by the United States 
in this work is being handled by a special 
committee organized under the sponsor- 
ship of ASTM and the American As- 
sociation of Textile Chemists and 
Colorists with representation from the 
groups interested. This special committee 
has been given the designation L23. 
Viscosity—The United States holds 
the secretariat for ISO/TC 66 on Vis- 
cosity. The Subcommittee on Rheo- 
logical Properties of ASTM Committee 
E-1 on Methods of Testing has been set 
up to handle the work of the secretariat. 
Zinc——The United States has ob- 
server status in the work of ISO/TC 18 
on Zinc for which Belgium holds the 
secretariat. 


IEC Committees: 


Insulating Oils —E. R. Thomas, chair- 
man of ASTM Committee D-27 on 
Electrical Insulating Liquids and Gases, 
is the technical advisor to the U. S. 
National Committee of the International 
Electrotechnical Commission in connec- 
tion with the work of IEC/TC 10 on 
Insulating Oils. 

Insulating Materials——Arnold H. Scott, 
chairman of ASTM Committee D-9 
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on Electrical Insulating Materials, is 
technical advisor to the U. S. National 
Committee of the IEC for Committee 15 
on Insulating Materials. 

Magnetic Steel—The technical ad- 
visor to the U. S. National Committee of 
the IEC for the work of Committee 14A 
on Magnetic Steel is A. C. Beiler, chair- 
man of ASTM Committee A-6 on 
Magnetic Properties. 

Aluminum—E. J. Holcomb of the 
Aluminum Company of America is 
technical advisor to the U. S. National 
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Committee of the IEC for Committee 7 
on Aluminum. Mr. Holcomb looks to 
Sectional Committee C7, for which 
ASTM is sponsor, for assistance in 
processing recommendations from this 
IEC committee. 


Respectfully submitted on behalf of — 
the committee, 
_G. H. Harnben, 
Chairman. 
R. E. Hess, 
Secretary, 
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APPENDIX III 


REPORT OF ADMINISTRATIVE COMMITTEE ON RESEARCH 


The Administrative Committee on 
Research met twice during 1960—on 
June 26 in Atlantic City, N. J., and on 
December 15 at ASTM Headquarters. 

There are now eight committee mem- 
bers. F. T. Sisco and A. T. McPherson 
retired from the committee and W. F. 
Roeser and J. C. Harris have become 
new members. 

Mr. B. W. Gonser, who has served so 
ably as chairman for six years, is planning 
to retire from the committee this year. 
Mr. W. J. Smith was elected the new 
chairman and E. I. Shobert was elected 
vice-chairman. 

The research fund has continued its 
growth and now has a balance of ap- 
proximately $106,000. Disbursements 
for research projects during the year have 
totaled about $8000. Of this amount, 
$6000 was in support of a Committee 
D-19 project on vaporous carryover of 
boiler water salts. Work on the project is 
now completed and a final report is 
planned for presentation at the 1961 
Annual Meeting. Allocation of $1000 has 
been made to continue, through com- 
mittee D-9 on Electrical Insulating 
Materials, ASTM participation in a 
research project on printed wiring at the 
University of Delaware during 1961. 

The committee has continued its 
regular review of the various research 
projects in which ASTM has interest and 
participation. 

Committee members were responsible 


for writing or providing short papers for 
publication in Materials Research & 
Standards. These appear as a feature 
under ACR Notes. Comments relative to 
them have been favorable and we believe 
that these informative and thought- 
provoking articles represent a very 
worthwhile contribution of the com- 
mittee. 

An important part of the committee 
effort is in seeking new ways to en- 
courage and improve research attitudes 
in ASTM activities and to promote the 
knowledge of materials resulting from 
research. Recognizing that future prog- 
ress will be guided importantly by those 
who are now the younger people, ways 
are being sought to stimulate greater 
participation of talented young scientists 
and engineers in the activities of profes- 
sional societies. Under current con- 
sideration, also, is the possibility of 
promoting informal forums where re- 
search in progress can be reported and 
discussed without the need to prepare or 
publish the material involved. 

It was voted by the committee that 
the chairman would act as its representa- 
tive on the Council, Division of Materials 
Sciences. 


Respectfully submitted on behalf of 
the committee, 
WALTER J. SMITH, 
Chairman. 
FRANK Y. SPEIGHT, 
Secretary. 
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The Administrative Committee on Pa- 
pers and Publications held two meetings 
during the year, one on November 17, 
1960, and the other on February 10, 1961. 

Messrs. Robert Burns, National Re- 
search Council, and F. M. Howell, Alu- 
minum Co. of America, have retired after 
serving two 3-year terms. Messrs. R. W. 
Fenn, Jr., The Dow Metal Products Co., 
and W. F. Simmons, Battelle Memorial 
Inst., were appointed for a 3-year term. 

The publication program of the So- 
ciety continues to expand. Apart from 
the Annual Meeting, which each year re- 
sults in more special technical publica- 
tions, and the triennial Pacific Area Na- 
tional Meetings, special symposia are 
being sponsored by technical committees 
which merit publication. For example, 
Committee D-2 on Petroleum Products 
and Lubricants sponsored a Symposium 
on Non-Newtonian Viscometry at its 
October meeting comprising two sessions, 
and the Society is being asked to publish 
this material. At its February meeting, 
Committee D-2 sponsored a very timely 
discussion on Current Research on Motor 
Gasoline Which May Affect Future 
Specifications, and the papers will be 
available at a very early date as ASTM 
STP No. 298. An innovation that may be 
establishing a worthwhile precedent is 
the holding of special national meetings, 
such as that held in Philadelphia, April 
5 to 7, 1961. The technical program was 
organized by Committee F-1 on Ma- 
terials for Electron Tubes and Semicon- 
ductor Devices and comprised a three- 
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day Symposium on Materials and 
Electron Device Processing. The sympos- 
ium dealt with the so-called ultra-clean 
rooms for processing of electronic 
terials and components as well as means 
for attaining and evaluating surface 
cleanliness of materials being processed. 
The Society is being asked to make these 
papers available promptly as ASTM 
STP No. 300, and these should result in a 
very valuable publication of some con- 
siderable size. 

The review of the papers alone from 
these various meetings has resulted in a 
very busy year for the Committee on 
Papers and Publications, but in addition 
consideration was given to a number of 
important developments in connection 
with the Society’s publications, as indi- 
cated below. 


ASTM Bulletin: 


Mention was made in the report a year 
ago of the committee’s recommendation 
that the ASTM BULLETIN appear 
monthly rather than eight times a year 
as heretofore. During the year, considera- 
tion was also given to changing the cover 
and format with a change in name. With 
the approval of the Board of Directors, 
these changes became effective as of 
January 1 so that the BULLETIN will now 
appear monthly as Materials Research & 
Standards. This will provide an oppor- 
tunity for more timely communication of 
news to the members and also lend em- 
phasis to the technical nature of the pa- 
pers published. The reception accorded 


these changes has been quite favorable. 
It is expected that the modifications will 
be attractive to advertisers so that, with 
the increased support, more material can 
be made available to the members. 


Third Pacific Area National Meeting: 


The Third Pacific Area National Meet- 
ing held in 1959, the largest ever spon- 
sored by the Society, with 52 sessions and 
over 230 papers, has resulted in eighteen 
special technical publications. In addi- 
tion some of the papers have appeared in 
the ASTM BuLLetIn, now Malerials Re- 
search & Standards. 


Book of Standards: 


Certain discussion now taking place in 
the Long-Range Planning Committee 
may result in some rather far-reaching 
changes in the method of publishing the 
Book of Standards (and possibly other 
publications). Staff studies are now going 
forward with respect to the advisability 
of having the Book of Standards issued 
in a greater number of parts correspond- 
ing in general to the special compilations 
that are now published in addition to the 
Book of Standards. With certain changes 
in concept concerning the propriety of 
including certain material which is now 
published in these compilations in addi- 
tion to the standards, it is quite possible 
that by augmenting the special compila- 
tions now issued and with other adjust- 
ments they could constitute the Book of 
Standards. 

The incompleteness of the present 
book was indicated in the analysis on 
adjuncts to the Book of Standards re- 
ferred to in the report of the committee a 
year ago. 


1961 Annual Meeting: 


A full program is planned for the 1961 


Annual Meeting consisting of 41 tech- 
— 
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nical sessions; of these 16 will be devoted 
to special symposiums. The 9 sym- 
posiums making up these 16 sessions are 
listed below: 


Symposium on Evaluation of Metallic Materials 
in Design for Low-Temperature Service, 

Symposium on Elevated-Temperature Compres- 
sion Testing of Sheet Materials, 

Symposium on Major Effects of Minor Constitu- 
ents on the Properties of Materials, 

Symposium on Soil Dynamics, 

Symposium on Radiation Effects in Refractory 
Fuel Compounds, 

Symposium on Erosion and Cavitation, 

Symposium on Impurities in Steam, 

Symposium on Extension of Sensitivity for De- 
termining Various Constituents in Metals, and 

Symposium on Microviscometry. 


RECORD OF PUBLICATIONS ISSUED 
April 15, 1960 to April 15, 1961 


The extent of the Society’s publica- 
tions during the year is presented in the 
accompanying Record of Publications. 


Regular Publications: 


1960 Proceedings, 1272 pp., 7650 copies. 


1960 Gillett Lecture, 20 pp., 2500 copies. 
1960 Marburg Lecture, 20 pp., 2500 copies. 
1960 Supplements to Book of Standards: 
Part 1, 462 pp., 13,750 copies. 
Part 2, 364 pp., 12,000 copies. 
Part 3, 192 pp., 9200 copies. A am: 
Part 4, 256 pp., 9400 copies. 
Part 5, 252 pp., 8000 copies. 
Part 6, 224 pp., 7500 copies. 
Part 7, 336 pp., 7000 copies. 
Part 8,224 pp., 7500 copies. 
Part 9, 512 pp., 10,000 copies. 
Part 10, 350 pp., 7000 copies. 
Methods of Chemical Analysis of Metals, 
776 pp., 6000 copies. 
1960 Year Book, 792 pp., 8500 copies. 
1960 Index to Standards, 232 pp., 24,000 copies. 
ASTM Buttetm, 9 issues (May 1960 to April 
1961) total number of pages 856, average num- 
ber of copies 18,072 (265 pages of technical 
papers). 
_ Astatement of the volume of the prin- 
cipal publications for the past four years 
is given below: 
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* Not included under this listing are a num- 
ber of publications which are partly of the na- 
ture of compilations of standards such as: 

Building Code Compilation, 

Manual of ASTM Standards on Refractory 

Materials, 

Procedures for Testing Soils, 

Manual on Industrial Water (STP 148), 

Selected ASTM Engineering Materials 

Standards for Use in College Curricula, 
Manual on Measurements and Sampling of 
Petroleum and Petroleum Products, and 

Knock Test Manuals. 


Special Compilations of Standards Published from 
April 15, 1960, to April 15, 1961: 


Specifications for Steel Piping Materials (A-1), 
536 pp., 2600 copies. 

ASTM Standards on Cement (C-1), 296 pp., 
2800 copies. 

ASTM Standards on Mineral Aggregates, Con- 
crete, and Nonbituminous Highway Materials 
(C-9, D-4), 408 pp., 3000 copies. 

ASTM Standards on Gypsum (C-11), 160 pp., 
2000 copies. 

ASTM Standards on Petroleum Products and 
Lubricants (D-2): 

Vol. I, 1152 pp., 7000 copies. 
Vol. II, 712 pp., 2500 copies. 

ASTM Standards on Bituminous Materials for 
Highway Constructions, Waterproofing and 
Roofing (D-4, D-8), 488 pp., 2400 copies. 

ASTM Standards on Soaps and Other Deter- 
gents (D-12), 280 pp., 1200 copies. 
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roe ASTM Standards on Textile Materials (D-13) 
1957- : : 
1958, 968 pp., 2100 copies. 
Pages| pages |pages| pages Manual on Industrial Water and Industrial 
Waste Water (D-19) (STP 148-E), 670 pp., 
Proceedings.......... 1440} 1430/1423) 1252 2000 copies. 
Marburg Lecture... .. 40 24) 32 20 Selected ASTM Engineering Materials Stand- 
Gillett Lecture....... 36 22) 26 20 ards for Use in College Curricula, 452 pp. 
Book of ASTM Stand- 15,000 copies. ; 
SAAS a Nl 14 390). . ASTM Manual for Rating Motor Fuels by Motor 
pp and Research Methods, 224 pp., 2600 copies. 
of Standards....... 2644 3172 
ASTM Methods of Building Code Supplement, 270 pp., 1800 copies. 
Of Metals. Compilations in Prospect: 
Index to ASTM Stand- ASTM Standards on Copper and Copper Alloys — 
Seer 251; 240) 224) 232 (B-5), 750 pp., 1600 copies. : 
Book... 784) 672/792 ASTM Standards on Plastics (D-20), 1240 pp. 
Special Technical. 2500 copi 
* Other Special Pub- Method for Emission Spectrochemical Analysis 
Menbioms........... 88 40) 12 34 (E-2), 704 pp., 3000 copies. 
ials Re h & 
Special Publications Issued from April 15, 1960, 
ASTM 840} 844) 836] 856 April 15, 1961: 
Punch Card Tabulation of Elevated Tempera-_ 
9652/21 467/9000/12 214 ture Strength Data of Metals and Alloys, 72 y 


cards (Keysort), 200 sets. 

Seventh Supplement to Numerical Index of Ab- | 
stracted Infrared Spectra Indexed on Wyan- 
dotte ASTM Punched Cards, 34 pp., 200 
copies. 

X-Ray Powder Data: 

Cards revised—Sets 1 to 5, 4000 cards, 700. 
sets of 3 by 5 index cards, 500 sets of Key- 
sort cards. 


Book (STP 48-J)—Organic, 384 pp., 2000 


copies. 


Inorganic, 696 pp., 2000 


copies. 


Bibliography of Fatigue References (STP 9-K), i 


88 pp., 500 copies. 

Bibliography and Abstracts on Electrical Con 
tacts (STP 56-N), 67 pp., 1000 copies. 

Report on Standard Samples and Related Ma- 
terials for Spectrochemical Analysis (STP 
58-D), 128 pp., 2500 copies. 

1960 Supplement to the Metal Cleaning Bibi 
ographical Abstracts (STP 90-E), 48 pp., 2000 
copies. 

Bibliographical Abstracts of Methods for hag 
sis of Synthetic Detergents (STP 150-C), 47 
pp-., 1500 copies. 

Compilation of Chemical Composition and Rup- 
ture Strengths of Super Strength Alloys (STP 
170-B), 8 pp., 1000 copies. : 

Symposium on High Voltage Cable Insulation — 
(STP 253), 46 pp., 2000 copies. : 

Soils—1959 Annual Meeting (STP 254), 383 pp., 
2000 copies. 

Marine Atmosphere Exposure of Galvanic Cou- 
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ples Involving Magnesium, by A. Gallaccio 
and I. Cornet (STP 255), 28 pp., 1500 copies. 

Symposium on Spectroscopic Excitation (STP 
259), 68 pp., 2000 copies. 

Report on Stress Corrosion Cracking of Austeni- 
tic Chromium-Nickel Stainless Steels (STP 
264), 100 pp., 2500 copies. 

Symposium on Effect of Water-Reducing and 
Set-Retarding Admixtures on Properties of 
Concrete (STP 266), 252 pp., 2000 copies. 

Symposium on Applied Radiation and Radioiso- 
tope Test Methods (STP 268), 118 pp., 2500 
copies. 

Symposium on Spectroscopy (STP 269), 249 pp., 
1500 copies. 

Symposium on Durability and Weathering of 
Structural Sandwich Construction (STP 270), 
77 pp., 2000 copies. 

Symposium on Adhesion and Adhesives (STP 
271), 71 pp., 2000 copies. 

Symposium on Newer Metals (STP 272), 224 
2000 copies. 

Symposium on Technical Developments in the 
Handling and Utilization of Water and Indus- 
trial Waste Water (STP 273), 96 pp., 2000 
copies. 

Symposium on Fatigue of Aircraft Structures 
(STP 274), 144 pp., 2000 copies. 

Symposium on Treated Wood for Marine Use 
(STP 275), 75 pp., 1500 copies. 

Materials in Nuclear Application (STP 276) (in- 
cludes papers from Ceramics in Nuclear En- 
ergy, Postirradiation Effects in Polymers, and 
Radiation Effects and Dosimetry), 352 pp., 
3000 copies. 

Symposium on Road and Paving Materials 
(STP 277), 132 pp., 2000 copies. 

Symposium on Nondestructive Testing in the 
Missile Industry (STP 278), 77 pp., 2000 cop- 
ies. 

Symposium on Bituminous Waterproofing and 
Roofing Materials (STP 280), 87 pp., 2000 
copies. 

Symposium on Air Pollution Control (STP 281), 
48 pp., 3000 copies. 

Building Construction Materials (STP 282) (in- 
cludes Symposium on Wood in Building Con- 
struction, and Symposium on Methods for 
Testing Building Construction), 123 pp., 2000 
copies. 

Properties of Crystalline Solids (STP 283) (in- 
cludes Symposium on Recent Progress in Ma- 
terials Sciences and Symposium on Nature and 
Origin of Strength of Materials), 150 pp., 3000 
copies. 

Symposium on Radiation Effects and Radiation 
Dosimetry (STP 286), 162 pp., 2500 copies. 
Elevated Temperature Properties of Aluminum 
and Magnesium Alloys (STP 291), 312 pp., 

1500 copies. 


Index to the Literature on X-Ray Spectrographic 
Analysis, Part I (STP 292), 46 pp., 2000 cop- 
ies. 

Final Report—Strength and Related Properties 
of Wood Poles, by L. W. Wood, E. C. Erick- 
son, and A. W. Dohr (STP 295), 182 pp., 2000 


copies. 
Special Publications in Prospect: 


X-Ray Powder Data Cards, Set 11, 1080 cards, 
800 sets of 3 by 5 index cards, 600 sets of Key. 
sort cards. 

Index to X-Ray Powder Data File (STP 48-K), 
800 pp., 1500 copies. 

Reinforced Plastics for High-Speed Flight Vehi- 
cles (STP 279) (includes Symposium on Ther- 
mal Ablation and Symposium on Reinforced 
Plastics), 144 pp., 2000 copies. 

Symposium on Acoustical Fatigue (STP 284), 72 
pp., 2000 copies. 

Symposium on Methods of Metallographic Speci- 
men Preparation (STP 285), 144 pp., 2000 
copies. 

Symposium on Low-Temperature Properties of 
High-Strength Aircraft and Missile Materials 
(STP 287), 232 pp., 2500 copies. 

Symposium on Shear and Torsion Testing (STP 
289), 128 pp., 2000 copies, 

Twenty Year Atmospheric Corrosion of Zinc 
Coated Wire and Wire Products (STP 290), 
200 pp., 2500 copies. 

Symposium on Nuclear Methods for Measuring 
Soil Density and Moisture (STP 293), 112 pp., 
1500 copies. 

Road and Paving Materials (Bituminous—1960) 
(STP 294), 98 pp., 1500 copies. 

Physical Properties of Metals and Alloys at 
Cryogenic and Elevated Temperatures (STP 
296), 212 pp., 1500 copies. 

A Five-Attribute System of Describing Visual 
Appearance, by.Deane B. Judd (STP 297), 2¢ 
pp., 2500 copies. 

Symposium on Current Research on Motor 
Gasoline Which May Affect Future Specifica- 
tions (STP 298), 128 pp., 3000 copies. 

Symposium on Non-Newtonian Viscometry 
(STP 299), 128 pp., 2000 copies. 

Symposium on Materials and Electron Device 
Processing (STP 300), 400 pp., 2000 copies. 
Papers on Fire Test Methods (STP 301), 48 pp., 

2000 copies. 

Symposium on Methods of Testing Building 
Construction (STP—not assigned), 64 pp., 
2000 copies. 


Respectfully submitted on behalf of 
the committee, 
R. E. Hess, 
Chairman. 
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The Administrative Committee on 
District Activities held four meetings 
during the year. In addition, two special 
meetings with representatives of the 
Chicago and Ohio Valley Districts were 
held to discuss specific problems in these 
districts. 

At the meeting in June, 1960, Messrs. 
J. H. Calbeck, W. H. Lutz, and W. C. 
Magruder retired and were replaced by 
Messrs. G. H. Harnden, C. E. Proudley, 
and A. M. Siegel. Mr. M. N. Clair was 
reappointed for a three-year term. 

The committee sponsored its annual 
breakfast on June 29, 1960, for District 
Council Officers. While the meeting 
proved a valuable opportunity to ex- 
change ideas, the committee has decided 
to hold an open session at the 1961 An- 
nual Meeting to allow for discussion in 
depth of district problems. 

In an effort to bring as many members 
of ASTM as possible into districts, sev- 
eral major steps were taken by the com- 
mittee. The Northwest District, com- 
posed of Idaho, Oregon, Washington, and 
British Columbia, has been organized 
and has held its inaugural meeting in 
Seattle, Wash., July, 1961. The state of 
Montana is being added to this district. 

The state of Nevada was incorporated 
into the Northern and Southern Califor- 
nia Districts. The committee has also 
recommended to the Board of Directors 
two new Districts: the Central Plains Dis- 
trict composed of Kansas, Nebraska, 
Iowa, and western Missouri, and the 
Northern Plains District composed of 
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North and South Dakota, Minnesota, 


and western Wisconsin. Thus all of the 
continental United States except Alaska 
will be served by the district structure. 
The possibility of the formation of a 
Mexican District is also under considera- 
tion. 

Another accomplishment of the com- 
mittee was the complete revision of the 
District Charter and Manual for District 
Operation. This was the first over-all re- 
vision since 1947. The revised Charter 


and Manual will be presented at an open _ 


session of all District Officers and Coun- 
cilors to be held at the Annual Meeting. 
It is expected that the Charter and 
Manual will be presented for approval 


to the Board of Directors at its Septem- — 


ber meeting. 

During the year, the committee 
brought to the attention of the districts 
new ideas to stimulate district activities, 
and also asked for suggestions from the 
various councils. As a result, a portable 
exhibit designed expressly for use at dis- 
trict meetings has been recommended to 
the Board. 

The Student Award Program is now 
functioning in 12 districts with over 600 
awards presented. In addition, the 
Northwest District is investigating a pro- 
gram and the Washington District held a 
special Student Program as a regular 
meeting of the district. 

In connection with the National Meet- 
ings, the Ohio Valley District was host to 
Committee Week held February, 1961, in 
Cincinnati, Ohio. Mr. Bernard Berger, of 


if 
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the Taft Sanitatior Laboratories, was 
the featured speaker at a Dinner Meet- 
ing held in connection with Committee 
Week. 

The Philadelphia District, in addition 
to being the host to the Annual Meeting 
to be held June 25-30, 1961, at Atlantic 
City, N. J., was co-sponsor with Com- 
mittee F-1 on Materials for Electron 
Tubes and Semiconductor Devices of the 
first National Technical Meeting. This 
meeting featured a three-day sym- 
posium on Materials and Electron Device 
Processing (to be published as ASTM 
STP No. 300) as well as an address by 
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John W. Campbell, Editor of Astounding 
Science Fiction at a dinner held in con- 
junction with the symposium. The Phila- 
delphia District made arrangements for 
the Ladies Program and entertainment 
for the Annual Dinner held in conjunc- 
tion with the Annual Meeting. 


Respectfully submitted on behalf of 
the committee, 
MILEs N. CLarr, 
Chairman. 
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The main topics under discussion dur- 

ing the past year by the Administrative 

Committee on Simulated Service Testing 

have been symposia on (1) erosion and 

cavitation tests of material, (2) relation 
between service, simulated tests, and con- 
ventional tests, and (3) evaluation of 
packaging. It was decided to concentrate 
on item (1) for 1961 and return to items 

(2) and (3) in 1962. 

A Symposium on Erosion and Cavita- 
tion Tests of Materials has been sched- 
uled for the 1961 Annual Meeting. The 
following papers are planned:' 

Accelerated Cavitation Erosion and Sand Ero- 
sion, by W. C. Leith and W. S. McIiquham, 
Dominion Iron Works, Montreal, Canada. 

The Deformation of Solids by the Impact of Li- 
quids at High Speeds, by J. Brunton, Cam- 
bridge University, Cambridge, England 


Cavitation in Hydraulic Turbines, by W. J. 
Rheingans, Allis Chalmers Mfg. Co., York, Pa. 


Published as ASTM STP No. 307, 
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Liquid Drop Collisions, by Olive Engel, National 
Bureau of Standards, Washington, D.C. 

Erosion by Liquid Impact, by S. M. DeCorso 
and R. E. Kothmann, Westinghouse Research 
Laboratory, Pittsburgh, Pa. 

Erosion by Solid Particles in a Fluid Stream, by 
Iain Finnie, Shell Development Co., Emery- 
ville, Calif. 


The problem of erosion and cavitation 
damage is of great concern to manufac- 
turers of power equipment and to the 
military, and consequently the sympo- 
sium should prove to be timely and of 
value in clarifying the directions in which 
ASTM can contribute most effectively in 
this area in the future. 


Respectfully submitted on behalf of 
the committee, 
R. E. PETERSON, 
Chairman. 
J. W. Cavum, 
Secretary. 
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The Administrative Committee on 
Education in Materials held no regular 
meetings during the past year owing to 
scheduling difficulties. Various methods 
for developing liaison between the ASTM 
committees and the membership have 
been considered and discussed with a few 
committees, but no specific action has 
resulted. 

One suggestion that has been made is 
to provide a service to interested ASTM 
members and potential ASTM members 
by mailing them a one-sheet monthly is- 
sue of “News Briefs” covering significant 
developments in materials and materials 
science. This could consist of one-sen- 
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tence or one-paragraph items of current 
interest directed at educators and re- 
search workers. Such a publication would 
be helpful in bringing timely items to the 
attention of those who would profit most 
by them. It would also serve as good ad- 
vertising to prospective ASTM members. 
A similar sheet on nuclear engineering 
education is well received. 


Respectfully submitted on behalf of 
the committee, 
GLENN Murpuy, 


Chairman. 
Frep F. Van ATTA, 
Secretary. heel 
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REPORT OF COMMITTEE A-i 
ON 
STEEL* 


Publication by the Society during 
the past year of the Tentative Specifica- 
tion for Structural Steel (A 36-60 T) 
is of wide significance to the structural 
steel industry. This is a structural 
carbon steel with a minimum yield 
point of 36,000 psi as compared to A7 
steel, the standard structural steel with 
a minimum yield point of 33,000 psi. 
After discussions with many consumer 
organizations, it was decided to issue a 
separate specification for this steel rather 
than change the requirements of the 
A7 steel. 

Open-ended agreements in specifica- 
tions under the jurisdiction of Com- 
mittee A-1 have been the subject of a 
series of meetings of a task group under 
the chairmanship of J. S. Worth, Bethle- 
hem Steel Co. At the January 25, 1961 
meeting of the Advisory Committee, 
all the A-1 subcommittees were asked 
to review their specifications and elimi- 
nate all open-ended agreements based 
upon the following principles set forth 
by Mr. Worth’s group: 


1. The phrases “when specified” and “un- 
less otherwise specified” are not considered 
to constitute the basis of an open-ended 
agreement except when applied to chemical 
or mechanical property requirements and/or 
are used in such a manner to downgrade 
the material. 

2. Whenever possible, “supplementary re- 
quirements” none of which lowers the base 
quality of the specification should be listed 


* Sixty-fourth Annual Meeting of the So- 
ciety, June 25-30, 1961. 
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at the end of a specification, numbered S1, 
S2, S3, etc., with appropriate reference to 
these in the main text of the specifications. 


Because of the many new steelmaking 
processes established or being introduced 
into the U.S.A., Committee A-1 and 
its subcommittees are being continually 
asked to include reference to these in 
existing specifications. A task group 
under the chairmanship of C. L. Clark, 
Timken Roller Bearing Co., has been 
appointed to review this matter so that 
a fixed procedure can be used to qualify 
the new processes and appropriate 
references to them. 

Another task group under the chair- 
manship of W. F. Hodges, General 
Electric Co., is drafting an extensive 
revision of the Committee A-1 Bylaws. 
The revised Bylaws will reflect the 
present structure of the committee and 
expand those sections dealing with the 
procedure for the promulgation of 
standards. 

At the June, 1960, meeting announce- 
ment was made that the U.S.A. has 
become a participating member of 
Technical Committee 17 on Steel of 
the International Organization for Stand- 
ardization. The A-1 Advisory Committee 
had approved, previous to the meeting, 
the formation of a nine man group to 
advise the American Standards As- 
sociation (U.S.A. member of ISO) in 
this activity. The nine man group con- 
sists of representatives of four steel 
producers and four steel consumers 


[ 


with a wide range of interest and a 
secretary who is a member of the ASTM 
staff. C. L. Kent, Jones & Laughlin 
Steel Corp., has been appointed as 
chairman. Reports of the activity of 
this group will be given at meetings of 
the A-1 Advisory Committee and the 
appropriate A-1 subcommittees will 
be consulted on subjects within their 
scope of activity. During the past year, 
appropriate personnel of Subcommittees 
XIII and XV have been engaged in 
such work. Also personnel of Division 
S of ASTM Committee E-3 on Chemical 
Analysis of Metals and personnel of 
Committee E-9 on Fatigue have been 
consulted. 

A proposed Tentative Specification 
for General Requirements for Carbon, 
Ferritic Alloy, and Austenitic Alloy 
Steel Tubes has been approved by 
Subcommittee IX and Committee A-1. 
This is a document which covers in 
one place all of the requirements com- 
mon to 21 specifications for steel tubular 
products. The 21 individual specifica- 
tions are being revised in line with the 
general requirement document and it 
is expected that the 22 separate pro- 
posals will be submitted shortly as a 
group for action by the Society’s Ad- 
ministrative Committee on Standards. 

The Tentative Methods and Defini- 
tions for the Mechanical Testing of 
Steel Products (A 370 - 54 T) have been 
extensively revised by Subcommittee 
XIII after several years of activity on 
this project. 

In an effort to standardize the testing 
of wire strand intended for prestressed 
concrete, Subcommittee XIII has drafted 
a document which Committee A-1 has 
asked the Society to make generally 
available. This Suggested Method of 
Testing Uncoated Seven-Wire Stress- 
Relieved Strand for Prestressed Con- 
crete appears as Appendix IT to this re- 
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port.' The testing procedures outlined are 
not sufficiently standardized at this time 
so that they should be published under 
an ASTM designation. However they 
are available to serve as a guide for 
setting up testing procedures for this 
product. 

For many years the Classification of 
Austenite Grain Size in Steels (ASTM 
Designation: E 19) has been referenced 
in specifications for steel products as 
the acceptable standard on grain size. 
Over the years the metallographers 
have noted that some of the actual grain 
sizes depicted in the chart accompanying 
E19 are not in accord with the sizes 
identifying them. Committee E-4 on 
Metallography has developed the Tenta- 
tive Methods for Estimating the Average 
Grain Size of Metals (E112) with its 
accompanying Plate IV as a replacement 
for E 19. Action is being taken this year 
to refer to Methods E 112 in the specifi- 
cations promulgated by Committee A-1 
in lieu of the reference to E 19. This will 
clear the way for Committee E-4 to 
recommend to the Society the with- 
drawal of E 19. 

There were numerous actions on 
standards taken during the year and 
referred to the Administrative Com- 
mittee on Standards. The standards 
affected are listed in Appendix I’ to 
this report. 

At the June 29, 1960, meeting of the 
Advisory Committee, the Special Sub- 
committee on Bearing Steels became 
Subcommittee XXVIII on Bearing 
Steels. This action was taken because 
of continuing activity in the special 
group over the past five years. 

Meetings—Committee A-1 met on 
June 29, 1960, in Atlantic City, N. J., 
in conjunction with the 1960 Annual 
Meeting. On June 27 and 28, 25 sub- 


1 See p. 126. 
2 See p. 109. 
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committees, sections, and task groups 
met to prepare actions for the next 
year’s activity and to review results of 
recent letter ballots. 

On January 25, 1961, Committee A-1 
met in Pittsburgh, Pa. Twenty-five 
subcommittee, section, and task group 
meetings were held on January 23 and 24. 

Personnel.—The committee consists 
of 350 voting members, including 153 
producers, 145 consumers, and 52 general 
interest members. 

In Subcommittee XXII, L. H. Carr, 
Edward Valves, Inc., resigned from the 
chairmanship of the Low-Temperature 
Advisory Section. T. D. Parker, Climax 
Molybdenum Co., has been appointed 
as the new chairman. 

E. S. Bower, Republic Steel Corp., 
has been appointed as secretary of 
Subcommittee XV on Bar Steels. Sub- 
committee II on Structural Steel now 
has a secretary in the person of R. C. 
Reber, Bethlehem Steel Co. R. C. 
Griffin, The Babcock and Wilcox Co., 
has resigned as secretary of Subcom- 
mittee XI on Steel for Boilers and 
Pressure Vessels and C. Floyd, Graver 
Tank and Manufacturing Co., has 
been appointed as his replacement. 

It is with regret that Committee A-1 
records the death of O. U. Cook, one 
of its honorary members, during the 
past year. Mr. Cook first became as- 
sociated with Committee A-1 in 1921 
and was a former Director of the Society. 

Two former subcommittee officers, 
Jonathan Jones and H. R. Redington, 
also died during the year. Jonathan 
Jones was vice-chairman of Subcom- 
mittee II on Structural Steel and for 
25 years contributed outstanding work 
toward the development of ASTM 
specifications for structural steel. H. R. 
Redington, former vice-chairman and 
secretary of Subcommittee IX on Steel 
Tubing and Pipe, actively participated 
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in the committee’s work for about 20 
years. 

Other well-known members whose 
death the committee records are H. F. 
Clemmer (District of Columbia High- 
way Dept.), H. W. Ladd (Pan American 
Petroleum Co.), E. C. Smith (Republic 
Steel Corp.), A. G. Sturrock (Wyckoff 
Steel Co.), H. C. Swett (Bethlehem 
Steel Co., Pacific Coast Div.), W. F. 
Zerbe (Phoenix Steel Corp.), and F. P. 
Zimmerli (Barnes-Gibson-Raymond 
Div., Assoc. Spring Corp.). 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 

On July 28, 1960, the Administrative 
Committee on Standards, acting for 
the Society, accepted the new Tentative 
Specification for Structural Steel 
(A 36-60T) on the recommendation 
of Committee A-1. 

On September 29, 1960, the Ad- 
ministrative Committee on Standards 
accepted the following recommendations 
of Committee A-1: 


Revision of Tentative Specifications for: 
Carbon-Steel Castings Suitable for Fusion 
Welding for High-Temperature Service 


(A 216-59 T), 

Alloy-Steel Castings for Pressure Containing 
Parts Suitable for High-Temperature Service 
(A 217-60 T), 

Welded Austenitic Stainless Steel Boiler, 
Superheater, Heat Exchanger, and Condenser 
Tubes (A 249-60 T), 

Carbon and Alloy Steel Forgings for Magnetic 
Retaining Rings for Turbine Generators 
(A 288-57 T), 

Carbon and Alloy Steel Forgings for Turbine 
Generator Rotors and Shafts (A 292-59 T), 
Carbon and Alloy Steel Forgings for Turbine 

Rotors and Shafts (A 293-59 T), 

Carbon and Alloy Steel Forgings for Turbine 
Bucket Wheels (A 294-57 T), 

Ferritic and Austenitic Steel Castings for 
High-Temperature Service (A 351-60 T), 

Ferritic Steel Castings for Pressure Containing 
Parts Suitable for Low-Temperature Service 
(A 352-59 T), and 
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Alloy-Steel Castings Specially Heat Treated for 
Pressure Containing Parts Suitable for 
High-Temperature Service (A 389-59 T). 

Revision and Reversion to Tentatives of Standard 
Specifications for: 

Alloy Steel Forgings for Nonmagnetic Coil 
Retaining Rings for Turbine Generators 
(A 289-55). 


On March 1, 1961, the Administra- 
tive Committee on Standards accepted 
the following recommendations sub- 
mitted by Committee A-1. 

Revision of Tentative Specifications for: 
Low Carbon Steel Externally and Internally 

Threaded Standard Fasteners (A 307-58 T), 

and 


Galvanized Steel Transmission Tower Bolts and 
Nuts (A 394-55 T). 


The new and revised specifications, 
except for Specification A 307-61 T 
and A 394-61 appear in the 1960 
Supplement to Book of ASTM Stand- 
ards, Part 1. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The committee is presenting for 
publication 6 new tentatives and is 
recommending the revision of 59 tenta- 
tives and 13 standards. One tentative is 
being revised and adopted as standard 
and six tentatives are being adopted as 
standard without change. Two standards 
are being reapproved, having stood for 
six or more years without change. One 
standard is being withdrawn. 

The recommendations concerning the 
standards and tentatives are given in 
detail in Appendix I.? 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which 
will be reported at the Annual Meeting.‘ 

3 Specifications A 307 and A 394 will appear 
in the 1961 Book of ASTM Standards, Part 1. 

* The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are on 
record at ASTM Headquarters. 


ACTIVITIES OF SUBCOMMITTEES 


In view of the many activities in the 
17 subcommittees, only the most signifi- 
cant will be covered in the following 
paragraphs: 

Subcommittee VI on Forgings and 
Billets has developed a new format for 
its specifications and expects to use this 
when each specification is next revised. 
The subcommittee believes that the 
new format more clearly defines the 
various requirements appearing in its 
specifications. The subcommittee last 
year completed action on a proposed 
tentative specification for drop forgings 
but submittal to Committee A-1 has 
been delayed pending development of a 
table of dimensional tolerances. Such a 
table is now in circulation, and the 
complete specification may be ready 
for Committee A-1 action in 1961. A 
proposed specification for eye bolts may 
also be referred to Committee A-1 this 
year. 

A proposal has been made that Com- 
mittee A-1 should investigate a specifica- 
tion for castings intended for high- 
pressure applications at or near ambient 
temperature by the petroleum industry. 
Subcommittee VIII has been assigned 
this task. 

In Subcommittee IX on Steel Tubing 
and Pipe, consideration is being given 
to the addition of tensile requirements 
to Specifications A 83, A178, A179, 
A 192, A 214, and A 226 covering boiler, 
heat exchanger, and condenser tubes. 
Another task group has been working 
on uniform requirements for ladle and 
check analyses, number of tests, and 
certification and rejection. 

In Subcommittee XV on Bar Steels, 
a task group is considering revisions of 
the Tentative Method of End Quench 
Test for Hardenability of Steel (A 255 - 
48 T). It is felt that this method should 
be modernized since it will be used as 


th 
dr 
th 
le 
pi 
n¢ 
to 
; ti 
a 
j b 
Cc 
T 
| 
9 


the basis for U.S.A. participation in the 
drafting of an ISO recommendation for 
this type of test. 

A proposed tentative specification for 
leaded carbon steel forged flanges and 
parts for pressure and general service 
now appears to be generally satisfactory 
to Subcommittee XXII. This specifica- 
tion has been under development for 
several years. 

In Subcommittee XXVI on Bolting, 
a revision of Specification A325 is 
being drafted so that the material 
covered will be structural bolts only. 
The non-structural bolts currently 
covered by Specification A 325 will be 
included under a new specification. 

Two new specifications for various 
types of steel chain are being drafted in 


EpIToRIAL Note 


Subsequent to the Annual Meeting, Committee A-1 presented to the Society through 
the Administrative Committee on Standards the following recommendations: 


New Tentative Specification for: 


General Requirements for Carbon, Ferritic Alloy and Austenitic Alloy Steel Tubes (A 450 - 


61 T). 
Revision of Tentative Specifications for: 
Seamless Steel Boiler Tubes (A 83 - 60 T), 


Seamless Low-Carbon and Carbon-Molybdenum Steel Still Tubes for Refinery Service 


(A 161 - 60), 


Electric-Resistance-Welded Steel and Open-Hearth Iron Boiler Tubes (A 178 - 60 T), 
Seamless Cold-Drawn Low-Carbon Steel Heat Exchanger and Condenser Tubes (A 179 - 


60T), 


Seamless Steel Boiler Tubes for High-Pressure Service (A 192 - 60 T), 


Subcommittee XX VII. These include a 
proposed tentative specification for 
machine chain and coil chain and a 
proposed tentative specification for 
weldless chain. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 350 members; 213 members 
returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


J. J. Kanter, 


Chairman. 
W. S. Scott, 
Secretary. 
> 


Seamless Cold-Drawn Intermediate Alloy-Steel Heat-Exchanger and Condenser Tubes 


(A 199 - 60), 


Seamless Intermediate Alloy-Steel Still Tubes for Refinery Service (A 200 - 60 T), 


Seamless Carbon-Molybdenum Alloy Steel Boiler and Superheater Tubes (A 209 - 60 T), 
Seamless Medium-Carbon Steel Boiler and Superheater Tubes (A 210 - 60 T), 


J 


Seamless Alloy Steel Boiler Superheater, Heat Exchanger and Condenser Tubes (A 213 - 


60T), 


Electric-Resistance-Welded Carbon Steel Heat Exchanger and Condenser Tubes (A 214 - 


60T), 


Electric-Resistance-Welded Carbon Steel Boiler and Superheater Tubes for High Pressure 


Service (A 226-60 T), 


Welded Austenitic Steel Boiler, Superheater, Heat Exchanger, and Condenser Tubes 


(A 249 - 607), 


Electric-Resistance-Welded Carbon-Molybdenum Alloy Steel Boiler and Superheater 


Tubes (A 250-60 T), 


Quenched and Tempered Steel Bolts and Studs with Suitable Nuts and Plain Hardened ) 


_ Washers (A 325 - 58 T), 
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REporT OF COMMITTEE A- 


Seamless and Welded Steel Tubes for Low-Temperature Service (A 334-60T), and 
_ Seamless and Electric Welded Low Alloy Steel Tubes for Economizers (A 423 - 60 T). Treths 
Revision and Reversion to Tentative of Standard Specification for: sl 
_ Copper Brazed Steel Tubing (A 254 - 58). 
These recommendations were accepted by the Standards Committee on July 6, 1961, 
with the exception of the revision of Specification A 325 which was accepted on August 3, 
1961, The new and revised tentative specifications appear in the 1961 Book of ASTM 
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In this Appendix, recommendations 
are given affecting certain specifications, 
both standard and tentative, covering 
various steel products. The specifications 
under revision appear in their present 
form in either the 1958 Book of ASTM 
Standards, Part 1, or the 1959 or 1960 
Supplements thereto. 


New TENTATIVES 


The committee recommends for pub- 
lication as tentative the following method 
and specifications as appended hereto:' 


Tentative Method and Specifications for: 


Magnetic Particle Inspection of Large Crank- 
shaft Forgings. 


Tentative Specifications for: 

Centrifugally Cast Austenitic Steel Pipe for 
High Temperature Service (Jointly with Com- 
mittee A-10), 

Austenitic Centrifugally Cast Cold-Wrought 
Pipe for High Temperature Service (Jointly 
with Committee A-10), 

High Tensile Strength Carbon-Manganese 
Steel Plates for Unfired Pressure Vessels, 

High-Strength, High-Temperature Bolting Ma- 
terials with Expansion Coefficients Com- 
parable to Austenitic Steels (Jointly with Com- 
mittee A-10), and 

Steel Conveyor Chain. 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Tentative Specification for General Re- 
quirements for Delivery of Rolled 
1 The new tentatives appear in the 1961 Book 

of ASTM Standards, Part 1. 
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APPENDIX I 


Steel Plates, Shapes, Sheet Piling, 
and Bars for Structural Use (A6- 
60 T): 


Section 6(h)—Change to read ‘‘Ten- 
sion and bend test specimens for pins 
and rollers may be taken so that the axis 
is midway, if practicable, between the 
center and surface. Tension and bend 
test specimens for pins and rollers 3 in. 
and over in diameter shall be taken so 
that the axis is 1 in. from the surface.” 


Tentative Specification for Steel for 
Bridges and Buildings (A 7 — 58 T): 


Section 6(c)—Change to read “Check 
analysis is not required for bar size 
shapes, for flat bars 4 in. and under in 
thickness, or for any bars ordered as 
merchant quality.” 


Tentative Specification for General Re- 
quirements for Hot-Rolled and Cold- 
Finished Carbon and Alloy Steel Bars 
(A 29 - 60 T): 


Tables I and II—Add requirements 
for lead as follows: 


Permissible Varia- 
tions Over Maximum 
Limit or Under 
Minimum Limit, 
per cent 


0.03 


Limit, or Maximum of Specified 
ange, per cent 
0.15 to 0.35, incl 


Reference a footnote to the word 
“Lead” to read “Check analysis toler- 
ance for lead applies both over and under 
to a specified range of 0.15 to 0.35 per 
cent.” 

Table V.—Change to read as shown in 
the accompanying Table I. 
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Table X —Change to read as shown in 
the accompanying Table II. 

Table X VII.—Change the title to read 
“Length Ranges for Random Length 
Cuttings for Cold-Finished Bars of Car- 
bon Steel and Alloy Steel.” 

Insert the following tabular material, 
and make the present paragraph a foot- 
note: 


Length Range, 
Lengths, ft in. 
Over 20 to 30, incl.............. 36 
Over 30 to 40, incl.............. 48 


more clearly the several types of prod- 
ucts covered. They are appended hereto 
in their proposed revised form. 


Tentative Specifications for Cold-Drawn 
Steel Wire for Concrete Reinforce- 
ment (A 82 — 58 T): 

Section 4.—In the table of Paragraph 
(a) change the requirement for the mini- 
mum yield point to read “0.8 of the 
specified minimum tensile strength.” 

Delete the present Paragraph (d) and 
add new Paragraphs (d) and (e) to read 
as follows: 


TABLE I.—PERMISSIBLE VARIATIONS IN THICKNESS AND WIDTH FOR HOT- 
ROLLED SQUARE EDGE AND ROUND EDGE FLAT BARS OF CARBON STEEL AND 


ALLOY STEEL. 


(Revision of Table V in Specifications A 29 — 60 T) 


mm Permissible Variations in Thickness, for Thickness Permissible Varia- 
fe Given, Over and Under, in. tions in Width, in. 
Specified Width, in. pre 
‘te 0.230 | 1/4to | Over | Over1 | Over 2 
0.230, | t01/4,| 1/2, | 1/2to | to2, | to3, | Over3| Over Under 
excl | inc’ 1, incl | incl incl 
0.007| 0.007| 0.008} 0.010} ... | ... | ... Ma 
Over 1 to 2, incl........... 0.007) 0.007; 0.012) 0.015) 
Over 2 to 4, incl........... 0.008] 0.008] 0.015) 0.020; 142 | | 3%4 | Me 
Over 4 to 6, incl........... 0.009] 0.009} 0.015| 0.020 14 | | | 362 
Over 6 to 8, incl........... * | 0.015) 0.016) 0.025, 142 | Me 1° 


* Flats over 6 to 8 in. incl, in width, are not available as hot-rolled carbon or alloy steel bars 


in thickness under 0.230 in. 


* On flats over 6 to 8 in. incl, in width and over 3 in. in thickness, tolerances shall be negotiated 


with the manufacturer. 


Tentative Specification for Structural 
Steel (A 36 - 60 T): 


Section 1—Change to read as follows: 


1. This specification covers carbon steel 
shapes, plates, and bars of structural quality 
not over 4 in. in thickness for use in riveted, 
bolted, or welded construction of bridges and 
buildings, and for general structural purposes. 
When the steel is used for welded construction, 
it is important that suitable welding procedures 
be used. 


Tentative Specifications for Welded and 
Seamless Steel Pipe (A 53 - 60 T): 


These specifications have been ex- 
tensively revised in an attempt to define 


(d) The yield strength shall be determined 
at an extension of 0.005 in. per in. of gage 
length. The manufacturer is not required to 
test for yield strength, but is responsible for 
supplying a product that will meet the stipulated 
limit when tested in accordance with the pro- 
visions of Section 10(c). 

(e) The material shall not exhibit a definite 
yield point as evidenced by a distinct drop of 
the beam or halt in the gage of the testing 
machine prior to reaching ultimate tensile 
load. The purchaser may, at his option, accept 
this feature as sufficient evidence of compliance 
with the specified minimum yield strength to 
forego conducting the yield strength tests 
covered by Section 10(c). 


? The revised specifications appear in the 1961 
Book of ASTM Standards, Part 1. 
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Section 10—Change to read as follows: 


10. (a) The inspector representing the pur- 
chaser shall have free entry, at all times while 
work on the contract of the purchaser is being 
performed, to all parts of the manufacturer’s 
works that concern the manufacture of the 
material ordered. The manufacturer shall 
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Tentative Specifications for Seamless 
Steel Boiler Tubes (A 83 - 60 T): 


Section 5(a).—In the second sentence 
after the words “chemical analysis” add 
the phrase “except for spectrochemical 
analysis.” 


TABLE II.—PERMISSIBLE VARIATIONS IN LENGTH FOR HOT-ROLLED ROUNDS, 
SQUARES, HEXAGONS, FLATS, AND BAR SIZE SECTIONS OF CARBON STEEL. 


(Revision of Table X in Specifications A 29 - 60 T) 


Specified Size of Flats, in. Permissible by Specified 
Specified Size of Rounds, 
end Sto | 10to | 20to | 30to | 40to 
Thickness Width 10 ft, | 20ft, | 30ft, | 40 ft, | 60 ft, 
excl excl excl excl excl 
Mitt SHEARING 
To 1, incl To 3, inel 3% | «114 | 1% 234 
Over 1 To 3, incl 5) 1 11g 2 214 
Over 1 to'2, inel,......51... To 1, inel Over 3 to 6, 5g) 1 11g | 2 21 
incl 
Over 2 to 5, inel............ Over 1 Over 3 to 6,/ 1 146 | 1% | 24% | 2% 
incl 
Over 5 to 10, incl........... 2 | 2% | 2%/|3 | 3% 
0.230 to 1, | Over 6 to 8, 3% | 1% 13% 3! 4 
incl incl 
Over 1 to 3, | Over 6 to 8,| 1144 | 13% | 2 31g | 4 
incl incl 
Bar Size Sections.......... | | | 1 6 | 2 | 2% 
Hor 
1 and over 3 and over 14g | 1% | 24% 2% 
Over 5 to 10, inel........... wake b 216 | 2% | 3 314 


“ No permissible variations under. 


+ Smaller sizes and shorter lengths are not hot sawed. 


afford the inspector, without charge, all rea- 
sonable facilities to satisfy him that the ma- 
terial is being furnished in accordance with 
these specifications. 

(b) Except for yield strength, all tests and 
inspection shall be made at the place of manu- 
facture prior to shipment, unless otherwise 
specified. Such tests shall be so conducted as 
not to interfere unnecessarily with the operation 
of the works. 

(c) If the purchaser considers it desirable to 
determine compliance with the yield strength 
requirements in Section 4(a), he may have 
yield strength tests made in a recognized labora- 
tory, or his representative may make the test 
at the mill if such tests do not interfere un- 
necessarily with the mill operations. teronilt 


Tentative Specifications for Forged or 
Rolled Steel Pipe Flanges, Forged 
Fittings, and Valves and Parts for 
High-Temperature Service (A 105 - 
59 T): 


Section 4—Add a new Paragraph (e) 
to read: 


(e) Forgings intended for application to pres- 
sure vessels may be repair-welded provided the 
welding is performed in accordance with all the 
requirements of Part UF of Section VIII of the 
ASME Boiler and Pressure Vessel Code and the 
repair welding is approved by the purchasers. 


\ 
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Tentative Specifications for Seamless 
Carbon-Steel Pipe for High-Tem- 
perature Service (A 106 — 60 T): 


Section 5(a)—Change the second sen- 
tence to read “Samples for chemical 
analysis, except for spectrochemical 
analysis, shall be taken in accordance 
with the Method of Sampling Steel, Cast 
Iron, Open-Hearth Iron, and Wrought 
Iron for Determination of Chemi- 
cal Composition (ASTM Designation: 
E 59).” 


Tentative Specification for Hot-Rolled 
Carbon Steel Bars (A 107 — 59 T): 


Table I—Under the portion titled 
“Open Hearth and Electric Furnace 
Free-Cutting Grades” add a steel of 
grade designation 12L14 with the follow- 
ing requirements: 


Carbon, per cent............. 0.15 max 

Manganese, per cent.......... 0.80 to 1.20 
Phosphorus, per cent.......... 0.04 to 0.09 
Lead, per cent................ 0.15 to 0.35 


Add a footnote referenced to the table 
title to read “When required, lead is 
specified as an added element to a stand- 
ard steel. A range of 0.15 to 0.35 per cent, 
incl, is commonly specified. Ladle analy- 
sis for lead is not determinable since lead 
is added to the ladle stream while each 
ingot is poured.” 


Section 3—Add to the end of this sec- 
tion, “Leaded steel, when required (see 
footnote to Table I).” 


Tentative Specification for Cold-Finished 
Carbon Steel Bars and Shafting 
(A 108 — 58 T): 

Table I—Revise as indicated above 

for Table I of Specification A 107. 
Section 3(b)—Revise as_ indicated 

above for Section 3 of Specification A 107. 


Tentative Specifications for Black and 


es Zinc-Coated (Galvanized) 


Welded and Seamless Steel Pipe for 
Ordinary Uses (A 120-57 T): 


Section 2(a).—Change the first sen- 
tence to read “The steel for both welded 
and seamless pipe shall be made by one 
or more of the following processes: open- 
hearth, electric-furnace, basic oxygen, 
acid oxygen, acid oxygen steam, or 
acid-bessemer.” 

Table I—Change the required test 
pressure for butt-welded pipe in the 13, 
1}, 2, 23, and 3 in. sizes from the present 
“800 psi” to ‘1000 psi.” 

Table II I.—Change the required test 
pressure for butt-welded pipe in the 1}, 
1}, 2, 23, and 3 in. sizes from the present 
“1100 psi” to “1300 psi.” 

Table IV—Change the required test 
pressure for butt-welded pipe in the 1}, 
13, 2, 23, and 3 in. sizes from the present 
‘1200 psi” to “1400 psi.” 

Table VII—For 2-in. nominal size 
pipe change the present coupling length 
of “3} in.” to “23 in.” 


Tentative Specifications for Electric- 
Resistance - Welded Steel Pipe 
(A 135 — 60 T): 


Section 5(a)—In the second sentence 
after the words “chemical analysis” in- 
sert the phrase “except for spectrochemi- 
cal analysis.” 

Section 8(b)—Change to read “The 
hydrostatic pressure shall be maintained 
for not less than 5 sec and, for pipe with 
wall thicknesses greater than 0.154 in., 
the pipe shall be jarred near both ends 
with a 2-lb steel hammer or its equiva- 
lent.” 

New Section—Add a new Section 9 
entitled “Nondestructive Electric Test” 
to read as follows, renumbering the sub- 
sequent sections accordingly: 


9. As an alternate to the hydrostatic test 
as applied to Schedule 10 in ? to 4-in. nominal 
pipe size, and when accepted by the purchaser, 
each pipe shall be tested at the mill by passing it 
through a nondestructive tester capable of de- 
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tecting any defect that completely penetrates the 
pipe wall or any defect equal to or greater than 
those shown in Table IT. Such tests shall be made 
on the welded seam and the adjacent metal 
affected thereby, or on the entire cross-section 
of the pipe, at the option of the manufacturer. 


New Table—Add a new Table II to 
read as shown in the accompanying 
Table III, renumbering subsequent 
tables accordingly. 

Section 12—Renumber as Section 13 
and add to Paragraph (a) a new sentence 
to read “The weight of pipe furnished to 
schedule 10 shall not vary more than 
plus or minus 10 per cent from that pre- 
scribed in Appendix ITI.” 


New Appendix.—Add a new Appendix 
II consisting of a new Table IV to read 
as shown in the accompanying Table IV. 


Tentative Specifications for Seamless 
Low-Carbon and Carbon-Molybde- 
num Steel Still Tubes for Refinery 
Service (A 161 — 60 T): 


Section 6(a).—In the second sentence 
after the words “chemical analysis” in- 
sert the phrase “except for spectrochemi- 
cal analysis.” 


Tentative Specifications for Electric- 
Resistance-Welded Steel and Open- 


TABLE III.—DIMENSIONS OF MAXIMUM ALLOWABLE DEFECTS IN PIPE WALLS. 
(New Table II for Specification A 135). 


Wall Thickness* Defective Area 
Minor Dimension (Least Dimension of (Length X 
the Defect), Length or Depth Radial 
Inches BWG Depth), sq in. 
chacdww ass 0.006 in. 0.0025 
12}4 per cent of wall 0.0030 
0.109 and over........ 12 and heavier...... 12}¢ per cent of wall 0.0050 


@ For intermediate wall thicknesses, the next lower wall thickness shown in the table shall apply 


Section 13—Renumber as Section 14 
and add a new sentence to read “Pipe 
furnished to schedule 10 shall be in a 
specified length between 16 and 22 ft 
with shorts down to 8 ft. Short lengths 
shall not exceed 10 per cent of the 
footage.” 

Section 14—Renumber as Section 15 
and add a new Paragraph (a) to read: 

(a) Schedule 10 Pipe.—Pipe furnished to 
schedule 10 shall be plain end only. All inside 
and outside cutting burrs shall be removed. 
This generally involves breaking the corners. 

Section 17—Renumber as Section 18 
and add “Pipe furnished to schedule 10 
shall be normally shipped with a light 
coating of processing oil. If so specified, 
the pipe can be given a mill coating or a 


= 


Hearth Iron Boiler Tubes (A 178- 

60 T): 

Section 5(a)——In the second sentence 
after the words “chemical analysis” in- 
sert the phrase “except for spectrochemi- 
cal analysis.” 

Section 11(b).—Change to read “Tube 
with wall thicknesses over 0.154 in. shall 
be struck near both ends while under the 
test pressure with a 2-lb steel hammer 
or its equivalent.” 

Section 18(b)—Change to read as 
follows: 


(b) Permissible variations in height of flash 
shall be as follows: 

(1) For tubes over 2 in. in outside diameter, 
or over 0.135 in. in wall thickness, the flash on 
the inside of the tubes shall be cut to a maximum 
height of 0.010 in. at any point on the tube. 
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(2) For tubes 2 in and under in outside 
diameter and with wall thicknesses 0,135 in. 
and under, the flash on the inside of the tube 
shall be cut to a maximum height of 0.006 in. 
at any point on the tube. 


Tentative Specifications for Seamless 
Cold-Drawn Low-Carbon Steel Heat- 
Exchanger and Condenser Tubes 
(A 179 - 60 T): 


Section 1(a).—Change the phrase “to 
but not including 2 in. in outside diam- 
eter” to read “up to 3 in. in outside 
diameter.” 

Section 5(a)—In the second sentence 
after the words “chemical analysis” in- 
sert the phrase “except for spectrochemi- 
cal analysis.” 


Tentative Specifications for Forged or 
Rolled Steel Pipe Flanges, Forged 
Fittings, and Valves and Parts for 
General Service (A 181 — 59 T): 


Section 4—Add a new Paragraph (/) 
to read as indicated above for new Para- 
graph (e) in Section 4 of Specifications 
A 105. 


Tentative Specifications for Forged or 
Parts for High-Temperature Service 
(A 182-59 T): 


Rolled Alloy-Steel Pipe Flanges, 
ez Fittings, and Valves and 

Section 5(b)—Change to read as 
follows: 


(b) All austenitic material shall be furnished 
in the heat treated condition. The heat treat- 
ment, except for the H grades, shall consist 
of heating the material to a minimum tempera- 
ture of 1900 F and quenching in water or rapidly 
cooling by other means. 


Table I—For grade F1 change the re- 
quired carbon content from the present 
“0.20 to 0.30” to “0.30 max” per cent, 
the manganese content from “0.60 to 
0.90” to “0.50 to 0.85,” the phosphorus 
and sulfur contents from “0.040 max” to 
“0.045 max,” the silicon content from 


“0.20 to 0.35” to “0.15 to 0.35,” and the 
molybdenum content from “0.40 to 0.60” 
to ‘0.44 to 0.65” per cent. 

For grades F5, F5a, F7, F11, and F12 
change the required molybdenum con- 
tent from the present “0.45 to 0.65” to 
read “0.44 to 0.65” per cent. 

For grade F12 change the required 
chromium content from the present 
“0.85 to 1.20” to read “0.80 to 1.25” per 
cent. 

For grade F22 change the required 
molybdenum content from “0.90 to 1.10” 
to read “0.87 to 1.13” per cent. 


TABLE IV.—DIMENSIONS, NOMINAL 
WEIGHTS AND TEST PRESSURES FOR 
LIGHT WALL STEEL PIPE. 

(New Table IV for Specification A 135 — 60 T) 


Schedule 10 
Nominal Outside Nom- Test Pressure, 
Pipe Size, | eter inal psi 

in. in. .Wall |Weight, 

Thick- {lb per ft 
ary Grade A Grade B 
ee 1.050} 0.083) 0.86 | 2500 | 2500 
1.315] 0.109] 1.40 | 2500 | 2500 
1.660} 0.109} 1.81 | 2400 | 2500 
re 1.900} 0.109} 2.09 | 2100 | 2400 
2.375, 0.109] 2.64 | 1700 | 1900 
2.875) 0.120) 3.52 | 1500 | 1700 
3.500 0.120) 4.32 | 1200 | 1400 
314 4.000 0.120) 4.96 | 1000 | 1200 
ye 4.500, 0.120) 5.61 | 900 | 1100 


* Corresponds to Schedule 10S as listed in 
the American Standard for Stainless Steel 
Pipe (ASA B36.19—1957). The test pressures 
are calculated by the following formula (but 
shall not exceed 2500 psi): 


2St 


where: 
P = pressure in pounds per square inch, 
S = fiber stress, 60 per cent of the specified 


minimum yield point, re 


t = thickness of wall in inches, and 
D = outside diameter in inches. 


Tentative Specifications for Welded 
Steel Wire Fabric for Concrete Re- 
inforcement (A 185 — 58 T): 
Section 8(b)—Change the 

“strand” to read “wire.” 


word 


— 


Section 18—Change to read as follows: 


18. (a) The inspector representing the pur- 
chaser shall have free entry at all times while 
work on the contract of the purchaser is being 
performed to all parts of the manufacturer’s 
works that concern the manufacture of the 
material ordered. The manufacturer shall 
afford the inspector, without charge, all rea- 
sonable facilities to satisfy him that the material 
is being furnished in accordance with these 
specifications. 
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per cent” to read “1 per cent” in lines 7 
and 9. 


Tentative Specifications for Seamless 
Steel Boiler Tubes for High-Pressure 
Service (A 192 - 60 T): 

Section 5(a)—In the second sentence 
after the words “chemical analysis’’ in- 
sert the phrase “except for spectrochemi- 
cal analysis.” 


TABLE V.—TENSILE REQUIREMENTS. 
(Revision of Table II of Specifications A 193) 


Minimum 
Tensile Elonga- | Reduction 
Yield Point,| t 2 f Area, 
Diameter, in. ing’fem- | strenath, Faint) fon | of Are, 
ab deg Fahr ° per cent cent 
Ferritic STEELS 
B5 
4 to 6 per cent Chromium. .| Up to 4, inel......| 1100 100 000 | 80 000 16 50 
B6 
13 per cent Chromium....| Up to 4, inel......| 1100 | 110 000 | 85 000 15 50 
B7 
216 and under....} 1100 | 125 000 | 105 000 16 50 
Chromium-Molybdenum .{| Over 214 to 4..... 1100 115 000 95 000 16 50 
Over 4to7....... 1100 100 000 75 000 18 50 
Chromium - Molybdenum - 
216 and under....| 1200 | 125 000 | 105 000 16 50 
B16 
Chromium-Molybdenum- (| 244 and under....| 1200 | 125 000 | 105 000 18 50 
eee Over 214 to 4..... 1200 110 000 95 000 17 45 
Over 4 to 7....... 1200 100 000 85 000 16 45 


* Special normalizing treatment required. 


(b) Except for yield strength, all tests and 
inspection shall be made at the place of manu- 
facture prior to shipment, unless otherwise 
specified. Such tests shall be so conducted as 
not to interfere unnecessarily with the opera- 
tion of the works. 

(c) If the purchaser considers it desirable 
to determine compliance with the yield strength 
requirements of ASTM Specifications A 82, he 
may have yield strength tests made in a recog- 
nized laboratory, or his representative may 
make the test at the mill if such tests do not 
interfere unnecessarily with the mill operations. 


Section 19(d)—Change the words “‘4 


Tentative Specifications for Alloy-Steel 
Bolting Materials for High-Tempera- 
ture Service (A 193 - 60 T): 

Section 1(c)—Delete the words “and 
washers.” 

Section 13—In the title of this section 
delete the words “and washers.” In the 
text of the section delete the last two 
sentences covering requirements for 
washers. 

Table II.—Revise the section on Fer- 
ritic Steel to read as shown in the accom- 
panying Table V. 
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Tentative Specifications for Seamless 
Cold-Drawn Intermediate Alloy-Steel 
Heat Exchanger and Condenser Tubes 

(A 199- 60T): 


Section 1(a).—Change the words “to 
but not including 2 in. in outside diam- 
eter” to read “up to 3 in. in outside diam- 
eter.” 

Section 6(a).—In the second sentence 
after the words “chemical analysis” in- 
sert the phrase “except for spectrochemi- 
cal analysis.” 


Tentative Specifications for Seamless 
Intermediate Alloy-Steel Still Tubes 
for Refinery Service (A 200-60 T): 


Section 6(a).—In the second sentence 
after the words “chemical analysis” in- 
sert the phrase “‘except for spectrochemi- 
cal analysis.” 


Tentative Specification for Carbon- 
Silicon Steel Plates of Intermediate 
Tensile Ranges for Fusion-Welded 
Boilers and Other Pressure Vessels 
(A 201 — 57 T): 


Table I—Change Footnote a to read 
“When steel plates are furnished under 
this specification to meet the impact re- 
quirements of the Specification for Steel 
Plates for Pressure Vessels for Service at 
Low Temperatures (ASTM Designation: 
A 300), the manganese content shall be 
0.85 to 1.20 per cent.” 

Change Footnote ¢ to read “When 
specified, the steel shall be coarse grained 
having a carburized austenite grain size 
of 1 to 5 as determined in accordance 
with the Methods for Estimating the 
Average Grain Size of Metals (ASTM 
Designation: E 112) and its Plate IV, by 
carburizing at 1700 F for 8 hr.” 


Tentative Specifications for Seamless 
Carbon - Molybdenum Alloy - Steel 
Boiler and Superheater Tubes (A 209 — 
60 T): 


Section 6(a).—In the second sentence 
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after the words “chemical analysis” add 

the phrase “except for spectrochemical 

analysis.” 

Tentative Specifications for Medium- 
Carbon Seamless Steel Boiler and 
Superheater Tubes (A 210-60 T): 


Section 6(a)—In the second sentence 
after the words “chemical analysis” add 
the phrase “except for spectrochemical 
analysis.” 

Tentative Specification for High Tensile 
Strength Carbon-Silicon Steel Plates 
for Boilers and Other Pressure Vessels 
(A 212 57 T): 


Table I—Revise Footnotes a and ¢ as 
indicated above for Table I of Specifica- 
tion A 201. 


Tentative Specifications for Seamless 
Alloy Steel Boiler, Superheater, and 
Heat Exchanger Tubes (A 213 — 60 T): 


Section 4(d)—Change the second sen- 
tence to read “As evidence that the ma- 
terial has received this treatment it shall 
exhibit a grain size of No. 7 or coarser as 
determined in accordance with the 
Methods for Estimating the Average 
Grain Size of Metals (ASTM Designa- 
tion: E 112) and its Plate IV.” 

Section 7(a).—In the second sentence 
after the words “chemical analysis” add 
the phrase “except for spectrochemical 
analysis.” 


Tentative Specifications for Electric- 
Resistance-Welded Steel Heat-Ex- 
changer and Condenser Tubes 
(A 214 - 60 T): 


Section 1(a)——Change the words “up 
to but not including 2 in. in outside 
diameter’’ to read “up to 3 in. in outside 
diameter.” 

Section 5(a)—In the second sentence 
after the words “chemical analysis” add 
the phrase “except for spectroclemical 
analysis.” 

Section 10(b)—Change to read “Tube 
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with wall thicknesses over 0.154 in. shall 
be struck near both ends while under the 
test pressure with a 2-lb steel hammer or 
its equivalent.” 

Section 16(b)—Revise as indicated 
above for Section 18 (6) of Specifications 
A178. 


Tentative Specifications for Electric- 
Resistance-Welded Steel Boiler and 
Superheater Tubes for High-Pressure 
Service (A 226 —- 60 T): 


Section 5(a)——In the second sentence 
after the words “chemical analysis” add 
the phrase “except for spectrochemical 
analysis.” 

Section 10(b)—Change to read “Tube 
with wall thicknesses over 0.154 in. shall 
be struck near both ends while under the 
test pressure with a 2-lb steel hammer or 
its equivalent.” 

Section 17(b)—Revise as indicated 
above for Section 18 (6) of Specification 
A178. 


Tentative Specifications for Flat-Rolled 
Carbon Steel Sheets of Structural 
Quality (A 245 — 58 T): 


These specifications have been exten- 
sively revised and are appended hereto 
in their proposed revised form.? 


Tentative Specifications for Welded 
Austenitic Stainless Steel Boiler, 
Superheater, Heat Exchanger, and 
Condenser Tubes (A 249-60 T): 


Section 7(a).—In the second sentence 
after the words “chemical analysis” add 
the phrase “except for spectrochemical 
analysis.” 

Section 13(b)—Revise to read “Tube 
with wall thicknesses over 0.154 in. shall 
be struck near both ends while under the 
test pressure with a 2-lb steel hammer or 


Tentative Specifications for Electric- 
Resistance-Welded Carbon-Molybde- 
num Alloy-Steel Boiler and Super- 
heater Tubes (A 250 - 60 T): 


Section 6(a)—In the second sentence 
after the words “chemical analysis” add 
the phrase “except for spectrochemical 
analysis.” 

Section 12(b)—Change to read “Tube 
with wall thicknesses over 0.154 in. shall 
be struck near both ends while under the 
test pressure with a 2-lb steel hammer or 
its equivalent.” 

Section 20(b)—Revise as indicated 
above for Section 18 (5) of Specifications 
A178. 


Tentative Specification for Alloy Steel 
Bars to End Quench Hardenability 
Requirements (A 304 — 57 T): 


Table I.—Add a footnote referenced 
after the table title to read “When re- 
quired, lead is specified as an added ele- 
ment to a standard steel. A range of 0.15 
to 0.35 per cent, incl, is commonly speci- 
fied. Ladle analysis for lead is not de- 
terminable since lead is added to the 
ladle stream while each ingot is poured.” 

Section 3(f{)—Revise as_ indicated 
above for Section 3 of Specification 107. 


Tentative Specification for Low-Carbon 
Steel Externally and Internally 
Threaded Standard Fasteners (A 307 - 
61 T): 


Section 4—Add a final sentence to 
Paragraph (a) to read “The hardness of 
grade A bolts, except those tested by the 
wedge tension test, shall not exceed 241 
Brinell (100 Rockwell B).” 

Revise the last sentence of Paragraph 
(d) to read “But when equipment of 
sufficient capacity for such tests is not 
available, they shall meet the following 
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requirements on machined specimen 
tension tests:” 


Tensile Strength, Elongation in 
psi 2 in., per cent 

Grade A and Grade 
55 000 min 
Grade B bolts only.. 90 000 max 


18 min 

Tentative Specification for Stress Relief 
Annealed Cold-Drawn Carbon Steel 
Bars (A 311 — 60 T): 


Table I—Revise as indicated above 
for Table I of Specification A 304. 

Section 3—Revise as indicated above 
for Section 3 of Specification 107. 


Tentative Specifications for Seamless and 

Welded Austenitic Stainless Steel 
(A 312-60 T) (Jointly with Com- 
mittee A-10): 


Section 8(b).—After the words “‘chemi- 
cal analysis” add the phrase “except for 
spectrochemical analysis.” 


Tentative Specification for Quenched- 
and-Tempered Carbon Steel Bars 
(A 321 60 T): 


Section 3—Add to the end of this Sec- 
tion “Leaded steel, when required (Sec- 
tion 8(6)).” 

Section 8—Letter the present text as 
Paragraph (@) and add a new Paragraph 
(b) to read: 


(b) When required, lead may be specified as 
an added element. A range of 0.15 to 0.35 per 
cent, incl, is commonly specified. Ladle analysis 
for lead is not determinable since lead is added 
to the ladle stream while each ingot is poured. 


Tentative Specification for Hot-Rolled 
Alloy Steel Bars (A 322 — 57 T): 


Table I—Revise as indicated above 
for Table I of Specification A 304. 

Section 3(b)—Revise as_ indicated 
above for Section 3 of Specification 107. 
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Tentative Specification for Cold-Finished 
Alloy Steel Bars (A 331 - 57 T): 


Table I.—Revise as indicated above 
for Table I of Specification A 304. 

Section 3(d).—Revise as_ indicated 
above for Section 3 of Specification 107. 


Tentative Specifications for Seamless 
and Welded Steel Pipe for Low- 
Temperature Service (A 333 - 60T): 


Section 8(b)—Change to read as 
follows: 


(6) Samples for chemical analysis, except 
for spectrochemical analysis, shall be taken in 
accordance with the Method of Sampling Steel, 
Cast Iron, Open-Hearth Iron, and Wrought 
Iron for Determination of Chemical Composi- 
tion (ASTM Designation: E 59). The results 
of these analyses shall be reported to the pur- 
chaser or his representative, and shall conform 
to the requirements specified in Table II. 


Tentative Specifications for Seamless 
and Welded Steel Tubes for Low- 
Temperature Service (A 334-60 T): 


Section 7(a).—In the second sentence 
after the words “chemical analysis” in- 
sert the phrase “except for spectrochemi- 
cal analysis.” 

Section 22—Letter the present text as 
Paragraph (a) and add a new Paragraph 
(b) on height of flash to read as shown 
above for the revision of Section 18 (0) 
of Specifications A 178. 


Tentative Specifications for Seamless 
Ferritic Alloy Steel Pipe for High- 
Temperature Service (A 335 - 60 T): 


Section 2(d)—Change the first sen- 
tence to read “The steel from which the 
pipe is made shall be a coarse-grained 
steel having a carburized grain size of 1 
to 5 as determined in accordance with 
the Methods for Estimating the Aver- 
age Grain Size of Metals (ASTM Desig- 
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TABLE VI.—PERMISSIBLE VARIA- 
TIONS IN WIDTH (SHEETS NOT RE- 
SQUARED) (COILS AND CUT LENGTHS, 
INCLUDING PICKLED SHEETS).° 


(Revision of Table IV of Specifications 


A 375 - 58 T) 
Permissible Variations 
Specified Width, in. over Specified 
Width, in.* 
Cut SHEEtTs 
Over 20 to 30, incl........ He 
Over 30 to 50, incl........ 4 
Over 50 to 80, incl........ Ke 
3g 
Miu Epce SHEETS 

Over 12 to 14, excl....... Vie 
Over 14 to 17, excl....... 1 
Over 17 to 19, excl....... %6 
Over 19 to 21, excl....... 5 
Over 21 to 24, excl....... 1, 
Over 24 to 26, excl....... 1% 6 
Over 26 to 28, excl....... 1546 
Over 28 to 35, excl....... 1% 
Over 35 to 50, excl....... 14 
Over 50 to 60, excl....... 1% 
Over 60 to 65, excl....... . ali 
Over 65 to 70, excl....... 134 
Over 70 to 80, excl....... 1% 


* No permissible variations under. 

Out-of-square (cut edge not resquared) 
variations for sheets of all gages and all sizes 
is (¢ in. per 6 in. or fraction thereof, of width. 

When sheets are specified to be resquafed, 
the variation for overwidth over length, camber 
and out-of-square, shall not exceed ¥¢ in. for 
sheets up to and including 48 in. in width and up 
to and including 120 in. in length; nor \¢ in. for 
wider or longer sheets. 


nation: E112) and its Plate IV, by 
carburizing at 1700 F for 8 hr.” 

Section 7(b)—Revise to read as indi- 
cated above for Section 8(b) of Specifica- 
tions A 333. 


Tentative Specification for Alloy Steel 
Seamless Drum Forgings (A 336- 
57 T): 

This specification has been extensively 
revised and is appended hereto in its 


i 2 
proposed revised form? 
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Tentative Specifications for Forged or 
Rolled Carbon and Alloy Steel 
Flanges, Forged Fittings, and Valves 
and Parts for Low-Temperature Serv- 
ice (A 350-59 T): 


These specifications have been exten- 
sively revised and are appended hereto 
in their proposed revised form.? 


Tentative Specifications for Ferritic 
and Austenitic Steel Castings for 
High-Temperature Service (A 351 - 
60 T): 


Section 1(b)—Change the first sen- 
tence to read “One grade of ferritic and 
nine grades of austenitic steel castings 
are included in these specifications.” 

Table I—Redesignate grade CK20 as 
grade CK45. Revise the carbon require- 
ment from the present “0.20” to read 
“0.20 to 0.45” per cent, and the silicon 
requirement from the present “2.00” to 
read “1.75” max, per cent. 

Add a new grade CF3 with the follow- 
ing requirements: 


ak 

Carbon, max, per cent......... 0.03 
Manganese, max, per cent...., 1.50 
Silicon, max, per cent......... 2.00 
Sulfur, max, per cent.......... 0.040 
Phosphorus, max, per cent..... 0.040 
Chromium, per cent......... . 17.0 to 21.0 
Nickel, per cent.............. 8.0 to 12.0 


‘Table II.—Redesignate grade CK20 
as grade CK45 and list in a separate 
column with the following requirements: 


Tensile strength, min, psi.......... 65 000 
Elongation in 2 in., min, per cent... 10.0 


For grade CF8 change the required 
minimum yield point from the present 
28,000” to read “30,000” psi. 

Add a new grade CF3 with the follow- 
ing requirements: 


Tensile strength, min, psi.......... 70 000 
Elongation in 2 in., min psi....... ; 35.0 


d 
} 
J 
[= 
ot 
n 
l, 
it 
. 
n 
: 
\ 


Tentative Specifications for Ferritic 
Alloy Steel Forged and Bored Pipe for 
High-Temperature Service (A 369 - 

60T): 

_ Section 9(b)—Change to read as fol- 
lows: 

(b) Samples for chemical analysis, except for 
spectrochemical analysis, shall be taken in 
accordance with the Method of Sampling Steel, 
Cast Iron, Open-Hearth Iron, and Wrought 


Iron for Determination of Chemical Composi- 
tion (ASTM Designation: E 59). 


Tentative Methods and Definitions for 
Mechanical Testing of Steel Products 
(A 370 54 T): 


These methods have been extensively 
revised and are printed in a supplement 
to this report in their proposed revised 
form.’ 


Tentative Specifications for High 
Strength Low Alloy Hot-Rolled Steel 
Sheets and Strip (A 375 — 58 T): 


Table IV.—Revised to read as shown 
in the accompanying Table VI. 


Tentative Specifications for Seamless 
Austenitic Steel Pipe for High-Tem- 
perature Central-Station Service 
(A 376 — 60 T): 


Section 8(b)—Revise as indicated 
above for Section 8(5) of Specifications 
A 333, except that in the last sentence 
refer to “Table I” in place of “Table 


Tentative Specification for Chromium- 
Molybdenum Steel Plates for Boilers 

a Other Pressure Vessels (A 387 - 
57 T): 

Section 3—Change Paragraph (a) to 
read “The steels shall be made by either 
of the following processes: open hearth 
or electric furnace.” 

Delete Paragraph (6), relettering sub- 
sequent paragraphs accordingly. 

3The revised methods appear in the 1961 


Book of ASTM Standards, Part 1, = Section 6.—Change to read as follows: 
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Reletter Paragraph (c) as Paragraph 
(6) and revise the first sentence to read 
“The steel for grade A of group I shall 
be a coarse-grained steel having a car- 
burized austenite grain size of 1 to 5 as 
determined in accordance with the 
Methods for Estimating the Average 
Grain Size of Metals (ASTM Designa- 
tion: E112) and its Plate IV, by car- 
burizing at 1700 F for 8 hr.” 


Tentative Specifications for Galvanized 
Steel Transmission Tower Bolts 
(A 394-61 T): 


Section 4(a).—Change to read as fol- 
lows: 


(a) Galvanized bolts shall be used for test 
purposes. Standard hexagon and square headed 
bolts shall be tested in full size as specified in 
Section 7(6). At the manufacturer’s option, bolts 
with other than standard hexagon or square 
head may be tested in full size as specified in 
Section 7(b). Bolts subject to tension tests shall 
meet the tensile strengths specified in Table I. 
Bolts not subject to tension tests shall meet the 
following hardness requirements: 

Minimum Maximum 


Tentative Specifications for Factory- 
Made Wrought Austenitic Steel Weld- 
ing Fittings (A 403 — 60 T): 

Table I—Add grades 304H, 316H, 
321H, and 347H, as shown in the accom- 
panying Table VII. 

For grades WP 304L and WP 316L 
change the maximum carbon require- 
ment from the present “0.030” to read 
“0.035” per cent. 

Section 1—Add a new Paragraph (c) 
to read as follows: 

(c) Optional supplementary requirements 


are provided for welding fittings where a greater 
degree of examination is desired. These supple- 


mentary requirements call for additional tests 


to be made at the expense of the purchaser and, 
when desired, one or more of these may be 
specified in the order. 


Section 3—Delete Paragraph (c). 
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6. (a) All fittings manufactured under these 
specifications except the H grades shall receive 
a carbide solution treatment which shall consist 
in holding the fittings for a sufficient length of 
time at a temperature at which the chromium 
carbides, or other carbides present, will go into 
solution and then cooling in air or liquid medium 
at a sufficient rate to prevent reprecipitation. 

(b) The H grades shall be solution treated at 
1800 F, medium, for grades WP304H and WP- 
316H and at 1925 F, minimum, for grades 
WP321H, WP347H and WP348H. 

(c) When specified, grades WP321, WP347 
and WP348 shall receive a stabilization treat- 
ment which shall consist in holding the fittings 
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in Paragraphs S1 to S7 shall be made at the 
place of manufacture, unless otherwise agreed 
upon, and at the purchaser’s expense. The tests 
specified shall be witnessed by the purchaser’s 
inspector before shipment of material if so 
specified in the order. 

Si. Check Analysis. A check analysis 
shall be made from each heat of base metal and, 
if of welded construction, from each lot number 
of welding material of the fittings offered for 
delivery. 

S2. Tension Test. One tension test shall 
be made on one fitting or representative test 
piece (Note 1) per lot (Note 2) of fittings. If the 
fittings are of welded construction, the tension 


TABLE VII.—PERMISSIBLE RAW MATERIALS. 
(Addition to Table I of Specification A 403 - 60 T) 


Grade Type of Material Pipe Plate Bar Forging 
WP 304H....| 304H (18-8), carbon 0.04 | A 312, grade | A 240, A 276, A 182, 
to 0.10 per cent TP 304H type 304” type 304* grade 
F 304H 
WP 316H....| 316H (18-8, Mo), car- | A 312, grade | A 240, A 276, A 182, 
bon 0.04 to 0.10 per TP 316H type 316" type 316" grade 
cent F 316H 
WP 321H....| 321H (18-8, Ti), carbon | A 312, grade | A 240, A 276, A 182, 
0.04 to 0.10 per cent TP 32iH type 321" type 321" grade 
F 321H 
WP 347H....| 347H (18-8, Cb + Ta), | A 312, grade | A 240, A 276, A 182, 
carbon 0.04 to 0.10 TP 347H type 347* type 347* grade 
per cent F 347H 


+ Except that the carbon content shall be 0.04 to 0.10 per cent. 


at 1500 to 1600 F for not less than 2 hr per in. 
of thickness and then cooling in the furnace or in 
air. 
(d) The heat treatment shall be performed 
before machining except in instances when 
reheat-treating is necessary. 

(e) Any welding involved shall be done prior 
to these heat treatments. 


Supplementary Requirements.—Add the 
following Supplementary Requirements 
S1 to S7 at the end of these specifica- 
tions, including Notes 1 and 2, under the 
title “Supplementary Requirements for 
Welding Fittings Requiring Special Con- 
sideration.” They are also to be preceded 
by the introductory paragraph below: 


These requirements shall not be considered 
unless specified in the order, in which event, 
any or all of the supplementary tests specified 


specimen shall include the weld and be prepared 
so that the weld is at the mid-length location of 
the specimen. 

$3. Intergranular Corrosion Bend Test. One 
intergranular corrosion bend test shall be made 
on one fitting or representative test piece 
(Note 1) per lot (Note 2) fittings. If the fittings 
are of welded construction, the bend specimen 
shall include the weld and be prepared so that the 
weld is at the mid-length location of the speci- 
men. Specimens containing a weld shall be 
bent so that the location of weld is at the point 
of maximum bend. The method of testing shall 
be in accordance with the Recommended Prac- 
tice for Conducting Acidified Copper Sulfate 
Test for Intergranular Attack in Austenitic 
Stainless Steel (ASTM Designation: A 393). 

Types 304L, 316L, 321, 347, and 348 shall 
be tested in the sensitized condition. In the case 
of the other chromium-nickel steels (series 300) 
the test shall be conducted on specimens repre- 
sentative of the material in the annealed con- 


dition. 
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S4. Ulirasonic Test. Each fitting or the 
raw material from which each fitting is made 
shall be ultrasonically tested to determine its 
soundness. The method, where applicable, shall 
be in accordance with the Recommended Prac- 
tice for Ultrasonic Testing and Inspection of 
Heavy Steel Forgings (ASTM Designation: 
A 388). Acceptance limits shali be a matter of 
agreement between the manufacturer and the 
purchaser. 

S5. Photomicrographs. Photomicrographs at 
100 diameters shall be made for information only 
of the actual base metal structure from one 
fittings as furnished in each lot (Note 2). The 
photomicrographs shall be identified as to fittings 
size, wall thickness, lot (Note 2) identification, 
and heat. 

S6. Surface Finish. Machined surfaces shall 
have a maximum roughness of 250 microinches 
arithmetical average. All other surfaces shall be 
suitable for ultrasonic test. 

S7. Liquid Penetrant Test. All surfaces 
shall be liquid-penetrant tested. The method 
shall be in accordance with the Method for 
Liquid Penetrant Inspection of Forgings.‘ 
Acceptance limits shall be a matter of agree- 
ment between the manufacturer and the pur- 
chaser. 


Note 1.—Where the test specimen for the 
tension or intergranular corrosion bend test can- 
not be taken from a fitting due to size limitations, 
a representative test piece shall be obtained. 

The test piece shall be from the same heat and 
heat treated in the same batch or charge as the 
fittings it represents and shall have approxi- 
mately the same amount of working. In addition, 
test pieces representing fittings manufactured 
from bars, plate, or forgings shall have a cross 
section equal to the greatest cross section of the 
fitting, and test pieces representing fittings manu- 
factured from pipe shall have an outside diame- 
ter and wall thickness equal to those of the 
fitting. The test piece for fittings of welded 
construction shall be prepared to the same weld 
procedures and from the same heats of materials 
as the fittings it represents. 

Norte 2.—A lot shall consist of all fittings of 
the same type, size, and wall thickness, manu- 
factured from one heat of material (and, if weld- 
ing is performed using one lot number of 
electrode or one heat of weld wire, and one lot 
number of flux) heat treated either in a contin- 
uous or batch type furnace controlling within a 


*This method is being developed by Com- 
mittee A-1 and is expected to be recommended 
for publication in 1961. —_— 


range of 50 F and equipped with recording pyro- 


meters so that complete records of heat treat- 
ment are available. 


Tentative Specifications for Seamless 
Ferritic Alloy-Steel Pipe Specially 
Heat-Treated for High-Temperature 
Service (A 405 — 56 T): 


Section 7(b)—Revise as_ indicated 
above for Section 8(b) of Specifications 
A 333, except in the last sentence refer 
to “Table I” in place of “Table II.” 


Tentative Specifications for Factory- 
Made Wrought Carbon Steel and 
Alloy Steel Welding Fittings of Seam- 
less or Welded Construction for Low 
Temperature Service (A 420 — 59 T): 


Table I—Change the designation for 
the present grade “WPLC” to read 
“WPLO.” Also change the present refer- _ 
ence to “A 333, grade C”’ to read “A 333, 
grade O.” 


Tentative Specifications for Butt Welds — 
in Still Tubes for Refinery Service 
(A 422 -58T): 


Section 5(g)—Add to the hardness 
requirement of 241 Brinell, max, the fol- 
lowing “(for light wall tubes, a Rockwell 
B of 100, max).” 


Tentative Specifications for Seamless 
and Electric Welded Low Alloy Steel 
Tubes for Economizers (A 423 — 60 T): 


Section 5.—Identify the present chemi- 
cal requirements as for grade 1 and 
add requirements for a new grade 2 as 
follows: 


Carbon, max, per cent......... 0.15 
Manganese, per cent.......... 0.50 to 1.00 
Phosphorus, max, per cent..... 0.04 
Sulfur, max, per cent.......... 0.05 
0.30 to 1.00 
Nickel, per cent.............. 0.40 to 1.10 
Molybdenum, min, per cent... . 0.10 


Section 7(a).—In the second sentence 
after the words “‘chemical analysis” add 
the phrase “except for spectrochemical 
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Tentative Specifications for Centrifu- 
gally Cast Ferritic Alloy Steel Pipe for 
High-Temperature Service (A 426 - 
59 T): 


Section 7(b)—Revise as_ indicated 
above for Section 8(b) of Specifications 
A 333, except in the last sentence refer 
to “Table I” in place of “Table II.” 


Tentative Specifications for Austenitic 
Steel Forged and Bored Pipe for 
High-Temperature Service (A 430- 
60 T): 

Section 9(b).—Revise the first sentence 
to read “Samples for chemical analysis, 
except for spectrochemical analysis, 
shall be taken in accordance with the 
Method of Sampling Steel, Cast Iron, 
Open-Hearth Iron, and Wrought Iron 
for Determination of Chemical Compo- 
sition (ASTM Designation: E 59).” 

Supplementary Requirement S7.—Add 
a note at the end of this supplementary 
requirement to read as follows: 


Note.—The term “hot ductility tests,” as it 
relates to the material covered in these specifi- 
cations, involves heating the metal to a tem- 
perature approximating those attained in the 
base metal adjacent to a weld and at rates 
simulating those occurring during welding, 
followed by fracturing rapidly at a decreasing 
temperature, usually in the range of 2200 to 
2400 F. The measured reduction of area at 
the break is indicative of its high temperature 
ductility. 


ADOPTION OF TENTATIVES AS STANDARD 
WitHovut REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 

Tentative Method of: 


Magnetic Particle Testing and Inspection of 
Heavy Steel Forgings (A 276 - 58 T). 


Tentative Specifications for: 
Carbon Steel Axles, Non-Heat-Treated, for 


Railway Use (A 21 - 57 T), 
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Carbon Steel Forgings for Railway Use (A 236 - 
67T), 


Alloy Steel Forgings for Railway Use (A 238 - 
T 


Untreated Carbon Steel Axles for Export and 
for General Industrial Use (A 383 - 57 T), and 

Wrought Alloy Steel Rolls for Cold and Hot 
Reduction (A 427 - 58 T). 


ADOPTION OF TENTATIVE AS STANDARD 
WitH REVISION 


The committee recommends that the 
Tentative Specifications for Carbon- 
Chromium Ball- and _ Roller-Bearing 
Steels (A 295-46 T) be approved for 
reference to letter ballot of the Society 
for adoption as standard in the revised 
form appended hereto.? ce 

REVISIONS OF STANDARDS, We 


IMMEDIATE ADOPTION a 


The committee recommends for im- 
mediate adoption revisions as indicated 
in the following standards and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society: 


Standard Specifications for Steel Screw 
Spikes (A 66 - 54): 


Section 4—Add a new Paragraph (c) 
to read as follows: 


(c) Where the design of the spike is such 
that full-size testing is impracticable, the 
tension test may be made on a specimen ma- 
chined from a finished spike. Dimensions of the 
test specimen shall conform to the requirements 
of the Methods and Definitions for Mechanical 
Testing of Steel Products (ASTM Designation: 
A 370). 


Standard Specification for Structural 

Steel for Ships (A 131 - 59): 

Table I—Change Footnote 6 to read 
“Plate steel produced to the require- 
ments of grade C shall be made with 
fine grain practice, and one McQuaid- 
Ehn grain size test, according to the 
Methods for Estimating the Average 
Grain Size of Metals (ASTM Designa- 
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tion: E 112) and its Plate IV, shall be 
made on material representing each 
ladle of each heat.” 

Table II.—Insert minimum yield point 
requirements of 32,000 psi for structural 
steel, and 30,000 psi for rivet steel and 
steel for cold bending. 


Standard Specifications for Electric- 
Fusion (Arc)-Welded Steel Plate 
Pipe (Sizes 16 in. and Over) (A 134 - 

Section 7(b).—Change the last sen- 

tence to read as follows: “Pipe with 

wall thicknesses over 0.154 in. shall be 

struck, while under pressure, with a 

2-lb hammer, or its equivalent, near the 

weld at both ends of the pipe (Note 3).” 


Standard Specifications for Electric- 
Fusion (Arc)-Welded Steel Pipe 
(Sizes 4 in. and Over) (A 139 — 58): 
Section 5(a)—In the second sentence 

after the words “chemical analysis” add 

the phrase “except for spectrochemical 
analysis.” 

Section 10(b)—Change the last sen- 
tence to read “Pipe with wall thicknesses 
over 0.154 in. shall be struck, while 
under pressure, with a 2-lb hammer, or 
its equivalent, near the weld at both 
ends of the pipe.” 


Standard Specification for Nickel-Steel 
Plates for Boilers and Other Pressure 
Vessels (A 203 — 60): 

Section 1—Change the first two sen- 
tences to read “This specification covers 
nickel steel plates in two tensile strength 
ranges, designated grades A and D, and 
B and E, intended primarily for fusion 
welding; for use in boiler shells and other 
pressure vessels. The maximum thick- 
ness of flange quality plates to be speci- 
fied under this specification shall be 2 
in. for all grades; the maximum thickness 
of firebox quality plates of grades A and 
B shall be 6 in., and of grades D and E 
shall be 4 in.” 
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Table I—For grades A, D, and E 
change the maximum permissible man- 
ganese content as follows: 


‘ Grade A Grade D Grade E 
Up to 2 in., incl, in 


thickness. ....... 0.70 0.70 0.70 
Over 2 to 4 in., incl, 

in thickness. ..... 0.80 0.80 0.80 
Over 4 to 6 in., incl, 

in thickness... ... 0.80 


nickel content on ladle analysis from the 
present “2.20 to 2.60” to “2.10 to 2.50” 
per cent and on check analysis from the 
present “2.13 to 2.67” to “2.03 to 2.57” 
per cent. 


Standard Specification for Molybdenum- 
Steel Plates for Boilers and Other 
Pressure Vessels (A 204-57): 


Table I—Change Footnote a to read 
“When specified, the steel shall be 
coarse-grained having a carburized aus- 
tenite grain size of 1 to 5 as determined 
in accordance with the Method for 
Estimating the Average Grain Size of 
Metals (ASTM Designation: E 112) and 
its Plate IV, by carburizing at 1700 F 
for 8 hr.” 


Standard Specifications for Welded and 
Seamless Steel Pipe Piles (A 252 - 
59): 

Section 8(b)—Delete the word “‘aver- 
age” before the words “outside diam- 
eter.” 

Standard Specifications for Copper 
Brazed Steel Tubing (A 254 - 58): 


Section 5(a).—In the second sentence 
after the words “chemical analysis” in- 
sert the phrase “except for spectro- 
chemical analysis.” 

Standard Specifications for Seamless 
and Welded Ferritic Stainless Steel 
Tubing for General Service (A 268 - 
60) (Jointiy with Committee A-10): 
Section 7(a)—Revise as_ indicated 

above for Section 5(a) of Specifications 
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Standard Specifications for Seamless 
and Welded Austenitic Stainless Steel 
Tubing for General Service (A 269 - 
60) (Jointly with Committee A-10): 

Section 7(a)—Revise as indicated 


above for Section 5(a) of Specifications 
A 254. 


Standard Specification for Seamless and 
Welded Austenitic Stainless Steel 
Sanitary Tubing (A 270 - 60) (Jointly 
with Committee A-10): 

Section 7(a)—Revise as indicated 


above for Section 5(a) of Specifications 
A 254. 


Standard Specification for Seamiess 
Austenitic Chromium-Nickel Steel 
Still Tubes for Refinery Service 
(A 271 - 60) (Jointly with Committee 
A-10): 

Section 7(a)—Revise as_ indicated 


above for Section 5(@) of Specifications 
A 254. 


Standard Specification for Metal-Arc 
Welded Steel Pipe for High-Pressure 
Transmission Service (A 381 — 58): 


Section 1(b)—Change to read “Six 
classes of pipe, based on minimum yield 
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point requirements, are covered as indi- 
cated in Table II.” 

Table II—Add two new classes with 
requirements as follows: 


Tensile Elongation in 


Yield Point, Strength, 2 in., min, 
Class min, psi min, psi per cent 
Y 50 50 000 72 000 21 
Y 52 52 000 75 000 20 


Fig. 2—In the table of dimensions for 
the guided bend test jig, list new grades 
Y 50 and Y 52 as having the same re- 
quirements as the present grade Y 48. 


WITHDRAWAL OF STANDARD 


The committee recommends the with- 
drawal of the Standard Specifications 
for Welded and Seamless Open-Hearth 
Iron Pipe (A 253 — 60). af 

REAPPROVAL OF STANDARDS 

The committee recommends the re- 
approval of the following standards 
which have stood for six or more years 
without revision: 


Standard Specification for Carbon and Alloy 
Steel Ring and Disk Forgings (A 243-55), 
and 

Standard Method of Macroetch Testing and 
Inspection of Steel Forgings (A 317 - 54). 
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SUGGESTED METHOD OF TESTING UNCOATED SEVEN-WIRE STRESS- 
RELIEVED STRAND FOR PRESTRESSED CONCRETE!:? 


Scope 


1. This method provides procedures for 
the tension testing of uncoated seven-wire 
stress-relieved strand for prestressed con- 
crete. This method is intended for use in 
evaluating the strand for the properties 
prescribed in the Specifications for Un- 
coated Seven-Wire Stress-Relieved Strand 
for Prestressed Concrete (ASTM Desig- 
nation: A 416). 


General Precautions 


2. (a) Premature failure of the test speci- 
mens may result if there is any appreciable 
notching, cutting, or bending of the speci- 
men by the gripping devices of the testing 
machine. 

(6) Errors in testing may result if the 
seven wires constituting the strand are not 
loaded uniformly. 

(c) The mechanical properties of the 
strand may be materially affected by ex- 
cessive heating during specimen prepara- 
tion. 

(d) These difficulties may be minimized 
by following the suggested methods of 
gripping described in Section 4. 


Gripping Devices 

3. (a) The true mechanical properties of 
the strand are determined by a test in which 
fracture of the specimen occurs in the free 


span between the jaws of the testing ma- 
chine. Therefore, it is desirable to establish 


1 This proposed method is under the juris- 
diction of the ASTM Committee A-1 on Steel, 
and is the direct responsibility of Subcommittee 
XITI, on Method of Testing. Comments are 
solicited. 

2 Published as information only, June, 1961. 
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a test procedure with suitable apparatus 
which will consistently produce such results. 
Due to inherent physical characteristics of 
individual machines, it is not practical 
to recommend a universal gripping proce- 
dure that is suitable for all testing machines. 
Therefore, it is necessary to determine 
which of the methods of gripping described 
in the following Paragraphs (6) to (h) is 
most suitable for the testing equipment 
available. 

(6) Standard V-Grips with Serrated Teeth 
(Note 1). 

(c) Standard V-Grips with Serrated Teeth 
(Note 1), Using Cushioning Material.— 
In this method, some material is placed 
between the grips and the specimen to 
minimize the notching effect of the teeth. 
Among the materials which have been used 
are lead foil, aluminum foil, carborundum 
cloth, brass shims, etc. The type and thick- 
ness of material required is dependent on 
the shape, condition, and coarseness of the 
teeth. 

(d) Standard V-Grips with Serrated Teeth 
(Note 1), Using Special Preparation of the 
Gripped Portions of the Specimen.—One 
of the methods used is tinning, in which 
the gripped portions are cleaned, fluxed, and 
coated by multiple dips in molten tin or tin 
alloy held just above the melting point. 
Another method of preparation is encasing 
the gripped portions in metal tubing or 
flexible conduit, using epoxy resin as the 
bonding agent. The encased portion should 
be approximately twice the length of lay 
of the strand. 

(e) Special Grips with Smooth, Semi- 
Cylindrical Grooves (Note 2).—The grooves 
and the gripped portions of the specimen 
are coated with an abrasive slurry which 
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holds the specimen in the smooth grooves, 
preventing slippage. The slurry consists of 
an abrasive such as Grade 3-F aluminum 
oxide and a carrier such as water or glycerin. 

(f) Standard Sockets of the Type Used 
for Wire Rope.—The gripped portions of the 
specimen are anchored in the sockets with 
zinc. The special procedures for socketing 
usually employed in the wire rope industry 
must be followed. 

(g) Looped Preformed Wire Sphlices.— 
These devices are available in sizes designed 
to fit each size of strand to be tested. 

(h) Chucking Devices—Use of chucking 
devices of the type generally employed for 
applying tension to strands in casting beds 
is not recommended for testing purposes. 


Note 1.—The number of teeth should be 
approximately 15 to 30 per in., and the mini- 
mum effective gripping length should be ap- 
proximately 4 in. 

Note 2.—The radius of curvature of the 
grooves is approximately the same as the radius 
of the strand being tested, and is located #y in. 
above the flat face of the grip. This prevents the 
two grips from closing tightly when the speci- 
men is in place. 


Specimen Preparation 


4. (a) Non-uniform loading of the seven 
wires in the strand may result if slippage 
of the individual wires of the strand, either 
the outside wire or the center wire, occur 
during the tension test. Wire slippage may 
be minimized by fusing together the cut 
ends of the specimen. This fusing can be 
concurrent with torch cutting of the speci- 
mens. 

(b) If the molten-metal temperatures 
employed during hot-dip tinning or socket- 
ing with metallic material are too high, 
over approximately 700 F, the specimen may 
be heat affected with a subsequent loss of 
strength and ductility. Careful temperature 
controls should be maintained if such 
methods of specimen preparation are used. 


Procedure 


5. (a) Yield Strength—For determining 
the yield strength use a Class B-1 exten- 
someter (Note 3) as described in the Method 
of Verification and Classification of FEx- 
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tensometers (ASTM Designation: E 83).4 
Apply an initial load of 10 per cent of the 
expected minimum breaking strength to the 
specimen, then attach the extensometer and 
adjust it to a reading of 0.001 in. per in. of 
gage length. Then increase the load until 
the extensometer indicates an extension of 
1 per cent. Record the load for this exten- 
sion as the yield strength. The extensometer 
may be removed from the specimen after 
the yield strength has been determined. 

(b) Elongation. — For determining the 
elongation use a Class D extensometer 
(Note 3), as described in Method E 83, 
having a gage length of not less than 24 in. 
(Note 4). Apply an initial load of 10 per 
cent of the required minimum breaking 
strength to the specimen, then attach the 
extensometer (Note 3) and adjust it to a 
zero reading. The extensometer may be 
removed from the specimen prior to rupture 
after the specified minimum elongation has 
been exceeded. It is not necessary to de- 
termine the final elongation value. 

(c) Breaking Strength—Determine the 
maximum load at which one or more wires 
of the strand are fractured. Record this 
load as the breaking strength of the strand. 


Note 3.—The yield-strength extensometer 
and the elongation extensometer may be the 
same instrument or two separate instruments. 
Two separate instruments are advisable since 
the more sensitive yield-strength extensometer, 
which could be damaged when the strand frac- 
tures, may be removed following the determina- 
tion of yield strength. The elongation extensom- 
eter may be constructed with less sensitive 
parts or be constructed in such a way that little 
damage would result if fracture occurs while the 
extensometer is attached to the specimen. 

Norte 4.—Specimens that break outside of 
the extensometer or in the jaws and yet meet 
the minimum specified values are considered as 
meeting the mechanical property requirements 
of the product Specifications A 416,’ regardless 
of what procedure of gripping has been used. 
Specimens that break outside of the extensom- 
eter or in the jaws and do not meet the minimum 
specified values are subject to retest in accord- 
ance with Specifications A 416. Specimens that 
break between the jaws of the extensometer and 
do not mect the minimum specified values are 
subject to retest as provided in Section 17 of 
Specifications A 416. 


41958 Book of ASTM Standards, Part 3. 
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Committee A-2 on Wrought Iron held 
one meeting during the year: on June 
28, 1960, at Atlantic City, N. J. 

The committee consists of 26 voting 
members, of whom 6 are producers, 15 
consumers, and 5 general interest 
members. 

The committee wishes to record the 
loss through death of E. B. Fields of 
the Atchison, Topeka, & Santa Fe 
Railway, and the loss by resignation of 
F. W. Tibbetts, B. W. Bennett, and 
D. E. Parker. L. H. Scheifle has been 
added as the representative of The 
Reading Co., and Earl E. Wagner, as 
the representative of the Michigan 
Seamless Tube Co. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1960 Annual Meet- 
ing, Committee A-2 presented to the 


Society through the Administrative 
Committee on Standards the following 
recommendations: 


Revision and Reversion to Tentative of Standard 
Specifications for: 

Wrought Iron Plates (A 42 — 55), 

Wrought Iron Rolled or Forged Blooms and 
Forgings (A 73 - 55), 

Staybolt Wrought Iron, Solid (A 84 - 55), 

Staybolt Wrought Iron, Hollow-Rolled (A 86 - 
55), 

Wrought Iron Rivets and Rivet Rounds (A 152 - 


), 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 
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Uncoated Wrought Iron Sheets (A 162 — 39), 

Zinc-Coated (Galvanized) Wrought Iron Sheets 
(A 163 - 39), 

Single and Double Refined Wrought Iron Bars 
(A 189 - 42), and 

Rolled Wrought Iron Shapes and Bars (A 207 - 
39). 

Revision and Reversion to Tentative of Standard 
Definitions of: 

Terms Relating to Wrought Iron (A 81 — 33). 


These recommendations were ac- 
cepted by the Standards Committee on 
September 29, 1960, and the revised 
specifications and definitions appear in 
the 1960 Supplement to Book of ASTM 
Standards, Part 1. 


ADOPTION OF TENTATIVE AS STANDARD 
REVISION 


The committee recommends that the 
Tentative Specifications for Electric- 
Fusion (Arc)-Welded Wrought Iron 
Plate Pipe (A419 - 57 T)! be approved 
for reference to letter ballot of the 
Society for adoption as standard with 
the following revisions. 

Section 17(b).—Change to read as 
follows: 


(b) Certification.—In lieu of inspection by the 
purchaser’s representative, when agreed upon in 
writing by the purchaser and the supplier a cer- 
tification shall be made the basis of acceptance of 
the material. This shall consist of a copy of the 
manufacturer’s test report, or a statement by the 
supplier, accompanied by a copy of test results, 
that the material has been sampled, tested and 
inspected in accordance with the provisions of 


11958 Book of ASTM Standards, Part 1. 
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this specification. Each certification shall be 
signed by an authorized agent of the manufac- 
turer or the supplier. 


The recommendation in this report 
has been submitted to letter ballot of the 
committee, the results of which will be 
reported at the Annual Meeting.” 


This report has been submitted to 


2 The letter ballot vote on these recommen- 
dations was favorable; the results of the vote 
are on record at ASTM Headquarters. 
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letter ballot of the committee, which 
consists of 26 members; 23 members 
returned their ballots, of whom 22 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


L. S. CRANE, 
Chairman. 


O. M. TIsHLARICH, 
Secretary. 


Subsequent to Meeting, Committee A-2 to the Society through 
the Administrative Committee on Standards revisions of the Tentative Specification for _ 
Welded Wrought-Iron Pipe (A 72 - 59 T). The revisions were accepted by the Standards 
Committee on September 12, 1961, and the revised tentative specification is available as 


a separate reprint. 
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- Committee A-3 on Cast Iron held two 
meetings during the year: in Atlantic 
City, N. J., on June 30, 1960, and in 
Cincinnati, Ohio, on Feb. 2, 1961. A 
number of subcommittees and task 
groups met in conjunction with the main 
committee and between meetings of the 
main committee. 

The committee consists of 115 voting 
members, of whom 38 are classed as 
producers, 41 as consumers, and 36 as 
general interest members, with 1 con- 
sulting member. 

The long-time service of J. S. Vanick 
was recognized by the Society by an 
Award of Merit at the 1960 Annual 
Meeting. 

During the year, Subcommittee 19 on 
Chilled and White Iron Castings, was 
disbanded because of insufficient interest. 

T. E. Eagan has been appointed Chair- 
man of Subcommittee 16 on Heat Treat- 
ment of Cast Iron, replacing W. S. 
Mabb. C. F. Walton was appointed to 
head a task force on the subject of tol- 
erances and surface finish. 


REVISION OF TENTATIVES 
The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Tentative Specifications for Gray Iron 
Castings for Pressure-Containing 
Parts for Temperatures Up to 650 F 
(A 278-59 T):! 

Section 12——Change to read as follows: 


* Sixty-fourth Annual Meeting of the Society, 


12. Upon ‘request of the purchaser and so 
specified in the purchase order, a certification 
shall be made the basis of acceptance of the ma- 
terial. This shall consist of a copy of the manu- 
facturer’s test report or a statement by the 
supplier, accompanied by a copy of the test re- 
sults, that the material has been sampled, tested, 
and inspected in accordance with the provisions 
of these specifications. Each certification so fur- 
nished shall be signed by an authorized agent of 
the supplier or manufacturer. 


Tentative Specification for Austenitic 
Gray Iron Castings (A 436-59 T):! 


Tables I and II—Add Types 1b and 
2b with the following chemical require- 
ments and mechanical requirements, 
eliminating the present footnotes to the 
tables. 


Type ib Type 2b 


Carbon, total, max, per 


Silicon, per cent........ 1.00 to 1.00 to 
2.80 2.80 
Manganese, per cent.... 1.00 to 0.80 to 
1.50 1.50 
Nickel, per cent........ 13.50 to 18.00 to 
17.50 22.00 
Copper, per cent....... 5.50 to 0.50 max 
7.50 
Chromium, per cent.... 2.50 to 3.00 to 
3.50 6.00° 
Sulfur, max, per cent... 0.12 0.12 


Tensile strength, min, psi 30,000 30,000 
Brinell hardness (3000 
149 to 212 171 to 248 


Section 5—Change to read as fol- 


lows: 


5. Magnetic Properties—A convenient shop 
test for differentiating the various types of 
austenitic gray iron is based on the fact that a 
ground face of either the test bars or the cast- 
ings of types 1,2 and 4 will not attract a small 
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steel horseshoe-type magnet, which is normally 
attracted to steel (Note). Types 1b, 2b,3 and 5 
may be attracted toa magnet. This non-mag- 
netic test is a convenient qualitative test only 
for types 1, 2 and 4 and shall not be used as a 
basis for acceptance. In the event that non- 
magnetic castings are specified, the magnetic 
permeability test should be used. 
Note.—Alnico magnet should not be used. 


REVISION OF STANDARD AND 
REVERSION TO TENTATIVE 


The committee recommends revisions 
as follows of the Standard Specifications 
for Gray Iron Castings for Valves, 
Flanges, and Pipe Fittings (A 126 — 42),? 
and reversion of the specifications to 
tentative. 

Section 5(c)—Change to read as 
follows: 


(c) In case the transverse test specimen varies 
from the specified diameter of 1.20 in., a correc- 
tion factor conforming to the requirements for 
Test Bar B in Table I of the Method for Trans- 
verse Testing of Gray Cast Iron (ASTM Desig- 
nation: A 438) shall apply. 


Section 7(b)—Replace the last sen- 

tence of this paragraph with the follow- 
ing: 
In cases of such substitutions, the requirements 
for tension bars in Table I of Specifications A 48 
shall apply. Equivalent classes under Specifica- 
tions A 48 for various thicknesses of controlling 
section are as follows: 


Unter 0.00 0.51 1.00] Over 1 in. 
25 A 20B 20C 
35 A 30B 30C 
| 45A 40B 40C 


Explanatory Note—Replace the list 
of ASA designation numbers with: 
“ASA Nos.: B16.1—1960, B16.2—1960, 
and B16b1—1931.” 


ADOPTION OF TENTATIVES AS STANDARD 
REVISION 

The committee recommends that the 

following tentatives be approved for 

reference to letter ballot of the Society 
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for adoption as standard without re- 
vision: 

Tentative Specifications for: "7 
Cast Iron Culvert Pipe (A 142 - 59 T),! and 
Cast Nodular Iron for Pressure Containing Parts 


for Use at Elevated Temperatures (A 395 - 
56 T).2 


WITHDRAWAL OF STANDARDS 

The committee recommends the with- 
drawal of the following standards due 
to lack of use: 
Standard Specifications for: 
Lightweight and Thin-Section Gray Iron Cast- 

ings (A 190 - 47).2 
Standard Definitions of Terms Relating to: 


Cast Iron (A 196 - 47).? 7 


REAPPROVAL OF STANDARDS 

The committee recommends the re- 

approval of the following standards 

which have stood for six or more years 
without revision: 


Standard Specifications for: 

Cast Iron Soil Pipe and Fittings (A 74 - 42), 

Gray Iron Castings for Elevated Temperatures 
for Non-Pressure Containing Parts (A 319 - 

53), and 
Nodular Iron Castings (A 339 - 55). 

Standard Methods of: 

Compression Testing of Cast Iron (A 256 - 46), 
and 

Impact Testing of Cast Iron (A 327 - 54). 

Standard Recommended Practices for: 

Evaluating the Microstructure of Graphite in 

Gray Iron (A 247 — 47), and 
Torsion Tests of Cast Iron (A 260 - 47). 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 
Task Group on Chemical Analysis of 
High Carbon Materials (George Krum- 
lauf, chairman).—The joint task force 
of Committee A-3 and Division S on 
Sampling of Committee E-3 has under 
3 The letter ballot vote on these recommen- 


dations was favorable; the results of the vote 
are on record at ASTM Headquarters. 
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preparation a recommended procedure 
for sampling cast iron, nodular iron, and 
pig iron for total carbon. 

Task Group on International Standards 
(D. E. Krause, chairman) has main- 
tained contact by correspondence with 
ISO Technical Committee T/C 25. The 
task group has studied a copy of a Pre- 
liminary Draft Recommendation for 
Charpy Impact Testing of Gray Cast 
Iron prepared by a committee of the 
International Committee of Foundry 
Technical Assns. and has submitted 
suggestions concerning this proposed 
International Standard. 

Task Group on Thermal Fatigue (W. 
M. Spear, chairman) is investigating the 
various types of thermal fatigue prob- 
lems and is considering the preparation 
of a symposium on thermal fatigue of 
cast iron under the sponsorship of Com- 
mittee A-3. 

Subcommittee 6 on General Castings 
(H. W. Lownie, chairman).—As the re- 
sult of answers to a questionnaire mailed 
to some 2200 foundries, Subcommittee 6 
has recommended withdrawal of Specifi- 
cation A 190 on the basis of lack of use. 
A task group has been appointed to in- 
vestigate reports that the short test bar 
recommended in Specification A 48 oc- 
casionally yields low results in the tension 
test as compared to the long arbitration 
bar. 

Subcommittee 7 on Microstructure (C. 
K. Donoho, chairman).—An interim 
report on a broadened graphite classifi- 
cation system has been prepared as an 
American Foundrymen’s Society paper 
which should serve as reference pending 
action by the International Committee 
of Foundry Technical Organizations. 

Subcommitiee 12 on Austenitic Cast 
Iron (Hugo Larson, chairman) has rec- 
ommended a minor revision of Specifica- 
tion A 436 to eliminate complaints of 
conflict with other widely used specifica- 
tions. 

Subcommittee 17 on Valves, Flanges, 
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and Fittings (J. J. Kanter, chairman) 
has recommended revision of Specifica- 
tions A 126 to bring references to Specifi- 
cations A 48 up to date. 

Subcommittee 18 on Automotive Cast- 
ings (R. A. Clark, chairman).—A joint 
task group of Subcommittee 18 and SAE 
Division 9 has completed a revision of 
Specification A 159 to bring references 
to Specification A 48 and A 438 up to 
date. Other portions of Specification 
A 159, particularly those dealing with 
brake drums and clutch plates, are also 
being revised at this time. 

Subcommitiee 24 on Nodular Iron 
(H. W. Ruf, chairman).—A task force 
headed by J. S. Vanick has been ap- 
pointed to investigate the subject of 
nodular iron suitable for pressure vessels 
such as paper mill dryer rolls, and to 
submit a draft for a specification. 

A Task Force on Nodular Iron Me- 
chanical Properties is preparing a report 
of a survey concerning satisfaction of 
producers and consumers with the pres- 
ent grades of nodular iron as covered by 
ASTM specifications. 

A proposal to eliminate the tension 
test as a mandatory requirement for 
compliance with Specification A 445 in 
order to decrease the expense involved in 
qualifying castings produced by treat- 
ment of small ladles of iron is under 
consideration. Checking of microstruc- 
ture has been proposed as a qualification 
test. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 115 voting members; 74 
members returned their ballots, of whom 
71 have voted affirmatively and 0 
negatively. 

Respectfully submitted on behalf of 
the committee, 


Ratpu A. CLARK, 
Chairman. 
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C. F. WALTON, 
Secretary. 
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1 Committee A-5 on Corrosion of Iron Standard Specifications for Zinc Coating 
1 and Steel held two meetings during the (Hot Dip) on Assembled Steel 
) year: on June 30, 1960, at Atlantic Products (A 386 - 59): 

City, N. J., and on February 2, 1961, New Sections 3 and 4.—Add the fol- 
, at Cincinnati, Ohio. lowing new Sections 3 and 4 to both 
e The committee consists of 111 mem- 


- bers of whom 54 are classified as pro- 
f ducers, 31 as consumers, and 26 as 


general interest members. Bi 


New TENTATIVES 


- The committee recommends for pub- 
t lication as tentative the following specifi- 


f cations as appended hereto:! 
Tentative Specifications for: 


Zinc-Coated Flat Steel Armoring Tape, and 
Copper-Covered Steel Wire Strand. 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


- The committee recommends for im- 
- mediate adoption revisions as indicated 
of the following standards. and accord- 
1 ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot vote of the Society: 


Standard Specifications for Zinc Coating 
(Hot Dip) on Iron and Steel Hard- 
ware (A 153 — 60),? and 


f * Sixty-fourth Annual Meeting of the So- 
ciety, June 25-30, 1961. 
1The new tentatives appear in the 1961 
Book of ASTM Standards, Part 1. 
4 2 1960 Supplement to Book of ASTM Stand- 


specifications, renumbering the sub- 
sequent sections accordingly: 


3. Impurities —The amount of lead or iron 
in the bath during actual galvanizing operations 
shall not exceed the limits permitted for “Prime 
Western” slab zinc (spelter), namely, lead 
1.60 per cent and iron 0.08 per cent. The alumi- 
num content shall not exceed 0.01 per cent. 

4. (a) Samples for Chemical Analysis.—The 
analyses for impurities in the bath shall be 
made on samples which are combinations of 
borings from at least three test ingots taken 
during actual operations. Samples for test 
ingots shall be taken on the longitudinal center 
line of the pot, one at the middle and the other 
two at opposite ends of the pot, but not nearer 
the ends than one half the width of the pot. 
The samples shall be taken from a depth of at 
least 2 in. below the surface of the zinc, but 
not greater than 25 per cent of the depth of the 
zinc. 

(6) The implements and molds used shall be 
of materials which will not change the propor- 
tions of lead, iron, or aluminum in the test ingot. 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for six or more years 
without revision: 


Method of Test for: 


Weight of Coating on Zinc-Coated (Galvanized) 
Iron or Steel Articles (A 90-53),* 


31959 Supplement to Book of ASTM Stand- 
ards, Part 1. 


| *1958 Book of ASTM Standards, Part3. 
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Uniformity of Coating by the Preece Test 
(Copper Sulfate Dip) on Zinc-Coated 
(Galvanized) Iron or Steel Article (A 239- 
41),4 and 

Weight and Composition of Coating on Long 
Terne Sheets by the Triple Spot Test 
(A 309-54).4 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the fol- 
lowing tentatives: 


Tentative Method of Test for: 


Weight of Coating on Aluminum-Coated Iron 
or Steel Articles (A 428-58 T).4 


Tentative Specifications for: 


Zinc-Coated (Galvanized) Iron or Steel Sheets, 
Coils and Cut Lengths (A 93-59 T),® 

Long Terne Iron or Steel Sheets, Coils and Cut 
Lengths (A 308-59 T),° 

1.25 oz. Class Coating (Pot Yield) Zinc-Coated 
(Galvanized) Iron or Steel Roofing Sheets, 
(A 361-59 T),® and 

Zinc-Coated Steel Chain-Link Fence Fabric 
(A 392-59 


The above tentatives will probably 
have some revisions made in the near 
future which make it desirable to retain 
them in the tentative status. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which 
will be reported at the Annual Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee VII on Methods of 
Testing (O. B. Ellis, chairman) has been 
evaluating the nitric acid test for po- 
rosity of aluminum coatings on steel. 
The method, as originally specified, 
required three hours which was too 
long a period for plant control purposes. 
Variations in acid concentration and 


51958 Book of ASTM Standards, Part 1. 

* The letter ballot vote on these recommen- 
dations was favorable; the results of the vote 
are on record at ASTM Headquarters. 
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temperature to reduce the time have 
been studied. The conclusions are: (1) 
there are uncontrolled variables that 
affect the final results; (2) test results 
can be misleading with respect to evalu- 
ation of aluminum coatings; (3) the 
test appears to be too sensitive and too 
severe for aluminum coatings in the 
present stage of development; and (4) 
three hours, as presently specified, is 
too long for a controlled test. 

A task group will start work on 
methods for determining uniformity of 
aluminum coatings. Another task force 
has been appointed to _ investigate 
methods of analysis of aluminum coat- 
ings on steel. 

Subcommittee XI on Sheet Specifica- 
tions (E. P. Beachum, chairman) has 
prepared a specification for aluminum- 
coated sheets which will be sent out for 
letter ballot of the subcommittee after 
revision in accordance with comments 
that have been received. A task force 
will be appointed to investigate the 
desirability of writing a culvert specifi- 
cation and to prepare a draft if the 
decision is favorable. 

Subcommitiee XII on Wire Specifica- 
tions (J. F. Occasione, chairman) has 
completed preparation of Proposed Ten- 
tative Specifications for Zinc-Coated 
Flat Steel Armoring Tape, and proposed 
Tentative Specifications for Copper- 
Covered Steel Wire Strand appended 
to this report. The subcommittee is 
presently writing specifications for alumi- 
num-coated steel chain link fencing and 
aluminum-coated steel wire strand, and 
is working on combining specifications 
A 122 and A 218 into one specification. 

Subcommittee XIII on Hardware 
Specifications (B. J. Barmack, chair- 
man) has recommended the revision of 
Specifications A 153 - 60 and A 386 - 59 
to include new sections on impurities 
and samples for chemical analysis as 
indicated earlier in this report. The 
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task group which is investigating the 
premature corrosion of galvanized trans- 
mission tower steel is continuing its work. 

Subcommittee XIV on Sheet Testis 
(C. P. Larrabee, chairman) has initiated 
a new atmospheric corrosion test of 
metallic-coated steel panels by exposing 
them during September, 1960, at five 
test sites. The sheets at State College, 
Pa., which were exposed in 1926 were 
inspected. Details of the new tests and 
the results of the inspection of the 1926 
sheets at State College are given in 
the subcommittee report appended to 
this report.’ 

Subcommiitee XV on Wire Tests (F. M. 
Reinhart, chairman) is accumulating the 
wire specimens of aluminum-coated 
steel wires which will be installed at 
seven tests sites in the United States 
and at one site in Great Britain for 
atmospheric corrosion testing. The in- 
stallation of the specimens will be com- 
plated in 1961. A comprehensive report 
giving the results of twenty years of 
atmospheric corrosion testing of zinc- 


7 See p. 136. 
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coated steel wires as well as some copper- 
covered, lead-coated, and chromium 
and chromium-nickel steel wires has 
been prepared and will be published as 
STP 290. The report covering the 1957, 
1958, 1959, and 1960 inspections is 
appended to this report.’ 

Subcommitiee XVI on Hardware Tests 
(W. W. Bradley, ex-chairman) has 
prepared the report on Field Tests of 
Atmospheric Corrosion of Hardware— 
1958 Program which is appended to this 


report.® 


This report has been submitted to 
letter ballot of the committee, which 
consists of 111 members; 65 members 
returned their ballots, of whom 59 have 
voted affirmatively and 0 negatively. 
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Respectfully submitted on behalf of 
the committee, 
H. F. HorMAnn, 
Chairman. 
C. P. LARRABEE, 
Secretary. 
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REPORT OF SUBCOMMITTEE XIV ON FIELD TESTS OF ATMOSPHERIC 
CORROSION OF METALLIC- COATED STEEL nes 


The atmospheric corrosion test of 
metallic-coated steel panels, discussed 
in previous reports, was exposed at five 
locations during September 1960. At 
each site, there are five 28 by. 36-in. 
corrugated panels cut from sheets galva- 
nized in equipment similar to that used 
for preparation of panels in the 1926 test, 
nine panels representing all of the six 
types of continuous galvanizing lines 
presently in use, one panel coated with 
pure aluminum, one panel coated with 
an aluminum-silicon alloy, and one 
panel coated with terne metal (lead-tin 
alloy). 

The coating weights, shown in Table 
I, are the averages of the weight of 
coating on a 2-in.-wide strip sheared 
before corrugating from each end of the 
test panel. The eight lighter coated 
galvanized sheets averaged 1.14 oz per 
sq ft and six heavier coated sheets 
averaged 2.28 oz per sq ft. The pure 
aluminum-coated sheets averaged 1.39 
oz per sq ft of coating; the aluminum- 
silicon, 0.92; and the  terne-coated 
sheet, which was of the type known in 
trade as “40 lb per double base box 
(dbb),”’ had 1.31 oz per sq ft of coating 
(35 lb per dbb). 

The panels were coded by a representa- 
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1960 PRoGRAM 


*4 4 


oil 


ey 
tive of the American Zinc Inst. and the 
identity of the manufacturer of each 
sheet is in the ASTM headquarters 
files but is unknown to the subcommit- 
tee members. 
The test locations are: 


State College, Pa.......... Rural 
Newark, N. J.......0..... Industrial 
Kure Beach, N. C......... Marine (800 ft from 
surf) 
Brazos River, Tex......... Marine (3900 ft 
from surf) 
Point Reyes, Calif........ Marine (1930 ft 
from surf) 


Because of differences in the direction 
of the prevailing winds and the distance 
from sea water, the corrosivities of the 
three “marine” sites will probably 
differ to a considerable extent. 

The relative corrosivity of the first 
and third sites toward steel and zinc is 
given in an appendix to the Report of 
Committee B-3.! The present Newark 
site is only a few miles from the Kearny, 
N. J. site, discussed in that report. 
Independent studies by United States 
Steel Corp. show that Newark has about 
the same corrosivity as Kearny. The 
relative corrosivities during one-year 


1 Proceedings, Am. Soc. Testing Mats., 
Vol. 59, p. 183 (1959). 
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TABLE I.—IDENTIFICATION AND WEIGHTS OF COATING ON SHEETS IN 


TEST OF METALLIC-COATED STEELS. 


* Terne-alloy coated sheets. 


exposure compared with those of State 
College, Pa. as unity were: 


Location — Steel 
State College, Pa.............. 1.0 1.0 
Kure Beach (800-foot site), N. C..| 1.7 1.9 
Point Reyes, Calif............. 1.8 1.8 


= Ounces Per Square Foot 
t 
College | Newark | peach | Reyes | River 

w ora Pot 1.38 1.41 1.39 1.40 1.40 
dws Pot? 2.43 2.42 2.39 2.37 2.40 
Pot 2.25 2.24 2.21 2.27 2.28 
Line 1.06 1.06 1.06 1.07 1.05 
ee eee Line® 2.06 1.98 1.86 2.03 2.17 
Line 2.12 2.12 2.12 2.13 2.14 
Line 2.92 3.00 3.09 3.06 3.02 
Line 1.82 1.83 1.88 1.92 1.94 
Al? 1.38 1.39 1.38 1.39 1.42 

* Individually dipped in conventional galvanizing pots. TE, > 

> Continuous galvanizing line. Vee 

4 Pure aluminum coated sheets. 


From these figures, an estimate of the 
relative life of galvanized coatings per 
unit weight can be made for the locations 
already investigated by Committee B-3. 
Current Committee B-3 tests include 
all the test sites used by this subcom- 
mittee. 

The following organizations partici 
pated in the present test: 


Supplying Panels 


Exposing Panels 


Armco Steel Corp. 
Bethlehem Steel Co. 


Continental Steel Corp. 
Follensbee Steel Corp. ‘wea 
Granite City Steel Co. = >= 


Jones & Laughlin Steel Corp. 
Republic Steel Corp. 

United States Steel Corp. 
Weirton Steel Co. 
Wheeling Steel Corp. 


American Zinc Inst. 

‘Zi Armco Steel Corp. 

Bethlehem Steel Co. 

Columbia-Geneva Division, United States Steel 
Corp. 

Dow Chemical Co. 

National Bureau of Standards 

United States Steel Corp. 
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than 100 per cent rust in 1956 Proceedings. 


4 Reported as perforation rather 


© There were no specimens exposed. hae 


The method of mounting the indi- 
vidual panels is described below. Three 
holes, $ in. in diameter, were punched 
3 in. from each horizontal edge as 
mounted. Four 28 by 36-in. corrugated 
panels were attached to a frame made of 
stainless-steel channels, machine screws, 
and washers, and brass nuts. To prevent 
any question of corrosion caused by 
bimetallic contact, all metal pieces were 
electrically insulated from the test 
panels by Teflon washers and bushings. 

It is planned to inspect the panels 
at all sites in 1961 (1.0 yr exposure). 
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The sheets of the 1926 test at State 
College were inspected during the 
exposure of the new test. Two new 
coating failures (T(T) and C(B)) in a 
the 2.5-0z class were found and one 
sheet (T(B)) in the 1.25-0z class was 
declared to be 100 per cent rusted. The 
current status of the 1926 test is shown 
in Table IT. 


Respectfully submitted on behalf of 
the subcommittee, 
C. P. LARRABEE, 


Chairman, 


ba? 


vey, ove Abe 
hw 


+ T ite - 

thy hn 4,4 


1 | 
| | 


ote ome so 


APPENDIX 


* . 


REPORT OF SUBCOMMITTEE XV ON ATMOSPHERIC EXPOSURE 
TESTS OF WIRE AND WIRE PRODUCTS 


(1957, 1958, 1959, anp 1960 INSPECTIONS) 


This report summarizes the results of 
the atmospheric corrosion tests on wire 
and wire products through 1960 and pre- 
sents in detail the data from 1957, 1958, 
1959, and 1960 inspections. Reference to 
earlier reports of Committee A-5 on Cor- 
rosion of Iron and Steel which appeared 
in the Society’s Proceedings for 1937,1939, 
1941, 1943, 1945, 1947, 1949, 1951, 1953, 
1955, and 1957 will be helpful in studies of 
these data. These earlier reports contain 
descriptions of the test methods, micro- 
graphs, and other characterizations of 
specimens in the test as well as the data 
assembled during previous inspections. 

The materials undergoing test are 
mostly bare and zinc-coated steel wires 
and wire products, but copper-covered 
and lead-coated steel wires and chro- 
mium and chromium-nickel steel wires 
are also included. The coatings are ex- 
pressed in weight terms of ounces per 
square foot of surface. For comparisons 
of coating thickness, 1 oz per sq ft of 
surface may be considered as averaging 
0.0017 in. thick for zinc coatings, 0.0013 
in. thick for copper coatings, and 0.0010 
in. thick for lead coatings.! 

Specimens of wire and wire products 
have been exposed for about 24 yr at 
eleven sites. The locations of these sites 

1The lead-coated wires in these tests were 
lead coated over a bonding coat of zinc. See 


Proceedings, Am. Soc. Testing Mats., Vol. 43, 
p. 87 (1943) for analysis of lead coatings. 


and their types of atmosphere are as 
follows: 


General 
Test Location Remarks 


ype o 
Atmosphere 


Pittsburgh, Pa. 


(abandoned) .| Severe On Brunot Island 


indus- in the Ohio River 
trial about 2 miles 
west of the city 
Bridgeport, 
Indus- In the city 
trial 
Sandy Hook, 
N. J. (aban- 
doned)...... Seacoast | About 300 yd from 
the Atlantic 
Ocean 
Santa Cruz, 

Calif........| Rural About 3 miles from 
(ma- the Pacific 
rine) Ocean 

State College, 
lis Rural Central Pennsyl- 


vania 
Lafayette, Ind..| Rural Wabash River 
Valley 
Ames, Iowa....| Rural Central Iowa 
Manhattan, 
Sa Rural Kansas River Val- 


ey 
Ithaca, N. Y...| Rural Central New York 
College Station, 
Rural About 120 miles in- 
land 
About 80 miles in- 


land 


Davis, Calif....}| Rural 


The Pittsburgh (Brunot Island), Pa., 
and Sandy Hook, N. J., sites were aban- 
doned in 1951 and 1952, respectively. 

At each location, more than 900 speci- 
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ATMOSPHERIC EXPOSURE TESTS 


mens were exposed. These included short 
lengths of wire (42 in. long) and wire 
strand at all locations, farm field fence at 
nine sites, and barbed wire and chain 
link fence at eight sites. 

The extent of corrosion is being meas- 
ured by weight losses, by visual examina- 
tions of all specimens at the exposure 
sites, and by tension tests on wire speci- 
mens. The Bridgeport, Conn., State Col- 
lege, Pa., Sandy Hook, N. J., and Pitts- 
burgh, Pa., specimens were inspected by 
a traveling committee. Inspections were 
made at the other locations by the uni- 
versity personnel in charge of the ex- 
posure plots. 


Findings from Weight Loss Specimens: 


At the start of the program, zinc- 
coated wire specimens were exposed at 
Pittsburgh, Pa., Sandy Hook, N. J., and 
State College, Pa., to determine the rate 
of loss of coating. Upon completion of 
these tests, the results were summa- 
rized in the 1947 report. The over-all 
average annual loss of coating in ounces 
per square foot of surface was 0.369 at 
Pittsburgh, Pa.; 0.117 at Sandy Hook, 
N. J.; and 0.060 at State College, Pa. 


Findings from Visual Examinations for 
Corrosion at the Exposure Locations: 


The condensed and summarized in- 
spection results of corrosion through 
1960 are shown in Table A. In this table 
is shown the average number of years 
until first rust and until 100 per cent 
rust appeared on all specimens of each 
group where progress of rusting has been 
sufficient to determine the values at the 
various locations. For all other groups 
the average state of corrosion at the last 
inspection is shown. The detailed in- 
spection records collected in 1957, 1958, 
1959, and 1960 are presented in Table 
I for unfabricated wire, Table II for 
barbed wire, Table III for farm field 
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fence, Table IV for chain link fence, and 
Table V for wire strand. 

The corrosion of any individual speci- 
men of barbed wire or of farm field fence 
listed in Tables II and III may be 
directly compared with the performance 
of specific unfabricated wire specimens 
listed in Table I. The Reference Informa- 
tion Table shows the lot numbers of 
wires used in fabricating all farm field 
fence and barbed wire samples. 


TABLE B.—NUMBER OF SPECIMENS 
REMOVED FOR TENSILE STRENGTH 
TESTS. 


Number of Wires Re-| 

moved, 1957 and 1958 a 

8 

Exposure Site a 

183! « 

3/9 fas 

3 

Pittsburgh, Pa*..... 0} 60} 0} 771 
Sandy Hook, N.J.*...| 0} 0) 462 
Bridgeport, Conn.....| 16) 75) 2 | 4 | 10) 542 
State College, Pa.....| 19} 87) 2 | 4 | 10) 307 
> 3] 37} 2} 0] 4} 202 
Lafayette, Ind.. .| 35} 2} 0] 296 
Ames, Iowa......... 0} 9) 0} 10) 154 
Manhattan, Kan... .. 0} 3) 2} 10) 109 
College Station, Tex...| 2) 4) 115 
Davis, Calif.........| 3) 97 
Santa Cruz, Calif.....| 0 3| 108 
38)251|18 54|3163 


* Tests at these two sites have been termi- 
nated except for corrosion-resistant, copper- 
coated, and lead-coated wires at Pittsburgh, Pa. 


At the time of inspection, records are 
made of the appearance of each specimen. 
Prior to the time of rusting, the speci- 
mens are noted as appearing “metallic” 
(M), “gray” (G), “yellow” (Y), etc. 
After rusting has begun, estimates are 
made of the percentage of area rusted on 
each specimen. The term “rust” as given 
in the inspection instruction states: 
“Rust means real rust of thebasemetal— 
err a rough corroded area.” 
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15.2 
14R 
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58R 


21.7 


11.9 | 20.8 [12.9 


12.8 
5R 


No 
Specimens 
Exposed 


Sook 


No 
Specimens 
Exposed 


MG 


Chain Link Fence 


Farm Field Fence 


a - Coated before weaving. 


b - Coated after weaving. 


RS 


ANNO 


Lead Covered 


Copper Covered 


18% Cr - 86 Ni 


2 3_= 
o- N= 
esse 


12-14% Cr, 
Air Quenched 
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int 


sed 


¢ ~ Site abandoned after 14.4 years of exposure. 


d - Pitted and rough underneath black soot. 

e - Few scattered pits underneath black soot. 
f - Discontinued after 10 years of exposure. 
g - Discontinued after 16 years of exposure. 
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nately G but showing indication of Y. 


TABLE I.—REPORT OF 1957, 1958, 1959 AND 1960 INSPECTIONS OF 
UNFABRICATED WIRE SPECIMENS. 

Abbreviations and symbols used to designate appearance or state of corrosion: M = metallic; 
G = gray; MG = intermediate between M and G; Y = yellowed or rust stained but not showing 
actual rough rust of base metal; R = rough rust of base metal, figures preceding R (5, 10, 50, 100) 
are percentages; PHR, PHY = rusted, yellowed in pinholes; SR, SY = speckled appearance of rust 
or yellowing; Br, Gn respectively, signify corroded to brown or green appearance; GY = predomi 


Coating|Average |Wire| Bridgeport, Conn Lafayette, Ind. 
Weight [Weight [Lot 
Group |jof Zinc |No. | 20.4] 21.4 | 22.4] 23.4 | 21.0] 22.0 | 22.9 
Coating yey ye | ye | ye | ye | ye yr 
oz per 
sq ft of 
Surface 

(a) 

O.2h [511 
0.20 0.25 |hio 

0.25 | 315 of 
to 0.25 1115 

0.27 |512 

0.29 | 117 

0.28 
Ave 0.28 |215 
0.27 0.29 [510 

0.29 

0.30 
0.30 0.31 [216 
to 0.32 [316 
0.9 0.34 |520 = 
ave 0.35 | 423 
0.34 0.37 | 282 = 

0.38 

0.40 

0.40 | 326 
0.40 | 125 
to 0.4% [522 
0.49 0.45 | 205 

0.46 | 317 
Ave 0.46 | 226 
0.45 0.48 | 327 

0.49 [431 

0.49 

0.4 21 

0.50 | 325 ¥ 
+50 0.5% | 127 
to 0.56 | 430 - 
0.59 0.56 | 329 
ave 0.58 | 531 ba? 

0.56 0.58 | 432 j 

# 

0.60 | 238 - 

0.61 | 335 ~ 
0.60 0.64 | 139 i | 

0.65 |239 

0.6 | 0.6 |337 
ave 0,66 | «f 
0.65 0.66 236 “2 

0.67 | 538 

0.67 | 138 

0269 Peebles 

i & ¢ 

0.72 | 540 

0.70 0.72 |237 i] cette 

to 0.72 | 440 “ 

0.79 0.73 | 336 
0.7% | 495* 

Ave 0.7% | ott 

0.74 0.7% 

0.77 | 44 

v.80 
0.80 0.80 
to 0.82 
0.80 0.83 

0.83 
ave 0.84 
0.83 0.85 

0.87 
0.90 0.90 
to 0.94 
1.10 0.96 

0.97 

1.04 


8 
48 | 
«lis 


Ithaca, N. State College, Pa. 
1.0 22.9 | 23.9 | 20.3 | 21.3 | 22.3 | 23.3 ak 
yr | ye | ye | yr | ye | ye 
7 
ri, 
| 
> 
| it 
4 
99R 
1R 
4 | - 5R 
q 1R 
= BBR 
5 17R 
mst Jun 
- 
TOR 
G 
the 1OOR | 100R | 100R | 100R 
| 100R E E 1OOR 
100R | 100R | 10OR | 100R 
Bae 99R | 99R | 100R | 100R 
| 100R | 100R | 100R 
144 
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ATMOSPHERIC ExposuRE TESTS OF WIRE AND WIRE PRODUCTS 145 
TABLE I.—Continued 
Ames, lowa College Station, Texas Santa Cruz, Calif. Manhattan, Kan. Davis, Calif. 
2.8 | 21.8 | 22.8 | 23.8 | 20.9 | 21.9 | 22.9 | 23.9 20.8 | 21.8] 22.9 | 23.7 | 20.7 |. 21.7 | 22.7 | 23.8 | 20.8 | 21.8 | 22.9 | 23.8 
yr ye | yr yr yr yr yr ye} ye | ye | ye | yt yw) ye | ye | ye yr yr 
TOOR | 100R} 100R | 1OOR | 1OOR| 1OOR | 100R | 1OOR| QER | 100R | 10OR 
| 1OOR} 100R | 100R | 10OR| | 1OOR | | 1OOR | 1OOR | | 100R 
| 1OOR | TOOR| 1OOR | 10OR | 100R| 1OOR | TOOR | 1OOR | 100R | 1OOR | 1OOR | 1OOR 
TOOR | 100R} | 100R | 100R| 100R | 100R | 100R]} 93R | 100R | | 10OR 
; i | 100R} 1OOR | 1OOR | 1OOR | 1OOR | 10OR | 1OOR | 10OR | 1OOR | 100R 
te 98R | 100R | 1OOR| 10OR| 100R| 100R | 1OOR| OUR 
| TOOR | 100R} 100R | 100R | 100R| 100R | 100R | 100R| 33R| 75R| 79R| TOR 
98R | 98R | 10OR| 100R| 100R| 100R | 100R| 9BR| 99R| GOR + 
VOOR | 100R| 100R | 1OOR | 100R| 100R | | 100R| 92R| 99R 
96R | 96R| 100R | 100R| 100R| 100R| 100R | 10OR| 
| TOOR| 1OOR | 100R | 1OOR| 100R | 1OOR | 100R 59R | TIR| 
96R| 96R]100R| 99R| 10OR| 100R | 1OOR| IR] TR] I7R 
96R | 96R | 100R| 100R | 100R | 100R] 13R| 35R| 39R 
VOOR | 1OOR| 100R | 1OOR| 99R| 100R| 100R | 1OOR| SR] I9R| 25R| OR 
TSR | Q2R| 1OOR| 10OR| 1OOR | 10OR| Y Y YSR 
Bon} QOR| | 10OR| Y YSR 
‘ 
100R 100R | 100R | 100R SIR] 66R] 76R] 36R 7OR| IR] IR| IR] IR 
63R 78R | 96R BR UR 7! OR TR} Y Y Y YSR 
66R | 85R 1OOR | 1OOR 16R |} GOR] 68R 1OOR| 1OOR TOOR| Y Y YSR 
| 100R | 1OOR | 100R 25R| 66R| 85R| SOR| IR] IR] IR] IR 
3R | 6R | 25K YSR| YSR| YSR| 81 | BI Y Y Y Y Y 
hed | | 100R | 100R wR] SOR 6or| Y Y Y 
VIR | | Ysr| YSR} YSR| YSR| Y Y |Y,SR 
| 38R| YSR| YSR| YSR| YSR| Y Bt | ¥ Y Y Y 
| | 98R | 100R YsR| YSR} Y IQR] Y Y Y Y 
16R | 28R SuR | YSR OR OR 30R SOR -Y Y Y Y 
1OOR | 100R | 1OOR | 100R 58R| 82R| GOR| 85R| 100R| 100R | 100R| Y | Y,SR| Y,SR/ Y,SR 
YOR} I9R | TIR YSR| YSR} IR} IR] SR} BR] Y Y 
| 18R | 22R] 26R YSR| YSR| YSR| YSR| Y 20R | ¥ Y |Y,SR 
5R | I7TR| 23K YSR} YSR| YSR| Bi | BI | Y Y Y 
| 21R | 3OR wR} IR] IR] OR] 25R | 2oR| | ¥,SR|Y,SR] Y,SR 
6R VIR] IR IR IR GY cy Y Y Y Y Y 
G G G G G G G G G G G G G G G 
G G G G G G G G G G G G wR} IR] IR] IR 
SR aR TOR YSR| YSR YSR| Y Y 3R Y Y Y 
1OOR| 1OOR| 6R} BR] IOR| I5R ysr| YSR| YsR| TOR} 10R | y,sr 
1OOR 1OOR| 1OOR 5R 7R YSR| YSR} Y Y Y Y Y Y Y 
geR} 97R| 1OOR| 1OOR| 18R | WR] 26R YSR| YSR} IR] 37R| Y Y | Y,SR 
100R 100R| 100R | G G G G G G G G G G G 
1OOR| 1OOR| QR] IER YSR| YSR| YSR| Y YOR} JOR] ¥ Y | 
1OOR| 1OOR| 10OR| ISR | 2ER | 35K YSR| YSR| YSR| -YSR IR] TOR | Y,SR 
100R| 1OOR| 1OOR | G G G G G G G G G G G G G G G G 
99R| 1OOR| 1OOR| 100R| G G G G G G G G G G G G G G G 
100R} 100R| 100R| G G G G G G G G G G G G 
10OR| 100R| 1OOR| OR] 13R ITR| 25R YSR| YSR} YSR| YSR| Y vor} 1oR| ¥ Y Y Y 
1OOR| 1OOR| 1OOR | GY IR 5R wR} oR} YSR| YsR| Y Y Y Y Y Y Y 
1OOR| 1OOR| 100R| 100R| G G G G G G G G G G G G G G G 
83R} QOR| GY OR oR} Gy | YSR} YSR| Y Y cy | cy | Gy | 
10OR} 1OOR| 1OOR| 3R| ER I5R YSR| YSR} YSR| YSR| Y | Bt Y Y Y Y Y 
1OOR| 10OR| 1OOR| 6R} 13R | OR YSR| YSR} YSR| YSR| Y Y Y Y Y 
1OOR| 1OOR| 1OOR| -- -- oo oo oo oo oo cy cy Gy cy oo om 
g7R| 100R| 100R| 100R | GY | 14R wm} G G cy | cy | Gy cy | cy | cy | cy | cy 
99R| 100R| 100R| 1OOR| IR] IR oR} 5R YSR| YSR} YSR| YSR| Y Y Y cy | cy | 
JOOR} 100R} 100R| 1ooR| G IR OR G G G cy | Gy | Gy cy | G G cy | Gy 
Y Y Y Y Y Y 
Y Y Y Y Y Y 
Y Y Y Y | Y,SR 
15R 16R GY GY Y,SR} Y¥,SR 
Y Y 
Y 
Y 
Y 


. 
won} 2a} soni | ¢ |e 
IR} G G G G G G Gy | cy] Gy Gy | G G G G 
‘ G G G G G G G G G G G G G G G G G G G 
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146 Report or Commitrer.A-5 (Appenpix II) 
TABLE I.—Continued 
Coating|Average |Wire| Bridgeport, Conn. Lafayette, Ind. ithaca, N.Y State College, Pa. 
Weight [Weight |Lot 
Group jof Zinc |No. | 20.4} 21.4 | 22.4 | 23.4 | 21.0 | 22.0 22.9 | 24.0. | 21.0] 21.9 | 22.9] 23.9 | 20.3 | 21.3 | 22.3 | 23.5 
Coating yey ye | ye | ye | ye | ye yr yr yep ye | ve] ye | ye | ye | ye | ye 
oz per 
sq ft of 
Surface 
(a) 
1.20 1.20 | 801 VOOR | | | 10OR FIOOR | 100R | 100R 99R | 100R | | 
to 1.35 | 800 69R | 9BR | GOR | | 62R | 75R | 11R | 37R | 100R | 1OOR 
ave . 5 
1.65 | 351 | 10R WR] SR] VIR | IR] ER] 
1.67 | 252 G cy G G G G G 
1.60 1.68 | 251 asi | | | wR} OR] UR] &R 
to 1.69 [551] » G GY G G G G G G 
2.10 1.71 | 451 G cy G G G G G G G G 
G G G G G G G G G G 
Ave 1.76 |250) 6R SR} G G mio om 
1.76 1.81 | 352 OR | ISR | GY wR] IR] aR] GY | Gy | Gy | cy 
1.86 | 151 | | SOR | GOR | 4SR 5QR | SBR} OR] ISR] ISR 
2.08 | 552 6 G G G G G G G G 
2.70 2.78 |} 298] GY | 75R 1ooR| G G G G G G G G G G 
to 2.80 |397| 1OoR| G G G G G G G G G G 
3.00 |299] GY 67R | GY cy Gy Gy Gy cy | G in| G G G G 
ve 
2.86 
Copper} 7.42 |021| GN| GN cn | GN | Gn Gn Gn GH | Gn Gn | Go | GN | Gn | Gn | Gn 
Covered) 9.2% [022] GN] GN | GN Gn Gn Gn GN | Gn | Gn | Gn | GN | Gn | Gn | Go 
Lead 1.40 5R 5R | PHR | SOPHR | SOPHR | 55PHR | 2OR| 4OR| STR | PHR | 2OR| 
Coated} 1.48 [oki] B 8 | PHR | 50PHR | SOPHR | 50PHR | 32R | 3OR| 36R | BIR] PHR | IOR| 13K 
1.68 B SR 5R| PHR | 55PHR| LOPHR | 35PHR | 27R | 33R | PHR |. SR| IOR 
1.90 8 8 PHR | PHR | | 35PHR| LOPHR | | 35R | PHR 5R] 1OR| 
12-14% Cr oor} OG | GSR |G,sR | G G MG | OMG SR] 
Cold Drawn ook | ocy 0G mi) mic | OMG an] G G G G 
005 | 8 0G | GSR/G,sR | G G | MG oR} G G G G 
12-14% Cr 0G] 0G oc | G G G G MG G G G 
Air Quenched 006} OG] G G G G G G MG | MG | MG | MG] OG G G 
oo7} oO 0G OG | GSR|G,sR | G G MG | MG | MG MG] OG G 
G G MG | MG MG MG “ MG | 
* The sinc coating weights reported in this column are the stripping test determinations made 
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ATMOSPHERIC ExposurE TESTS OF WIRE AND WIRE Propucts 147 
TABLE I.—Concluded 
Ames, lowa College Station, Texas Santa Cruz, Calif. Manhattan, Kan. Davis, Calif. 
20,8 | 21.8 | 22.8 | 25.8 | 20.9 J21.9 | 22.9]23.9 | 20.8] 21.8] 22.9 | 23.7 | 20.7 | 21.7 | 22.7 | 23.8 | 20.8 | 21.8 | 22.91 23.8 
ye | yr ye | ye | ye | ye yr yr ye} ye ye ve | ve | ye yey ye | ye | ye | ye 

6 Y Y Y G G G G oo oo cy Gy cy cy 
¢ | c G G G G G G G G G G G G G G G G G G 
G G G G G G G G G G G G G G G G G 
G G G G G G G G G G G G G G G G G G G G 
|G G G G G G G G G G G G G G G G G G 
G G G G G G G G G G G G G G G G G G 
G G G G G G G G G G G G G G G ‘| G G G 
| G G G G G G G G G G G G G G G G G 
6 G G G G G G G G G G G G G G G G G 
¢ ic G G G G G G G G G G G G G G G G G G 
G cy | G G G G G G G G G G Gy | Gy] cy cy | G G G G 
G G G G G G G G G G G G G G G G 
G G G G G G G G cy | cy | cy] Gc G G G G G G G 
sic G G G G G G G G G G G G G G G G G G 
G G G G. G. G G G G G G 
| Gh | Gn | Gn | | Br Br | Br GN | Gn] Gh Gn} Br BR] BR| Br 
Gn | Gn | Gn | BR Br Br | Br Gy | Gn] Gn{ BR] Br BR} BR| BR| Br 

1SPHR 

25PHR 

23PHR 

G 

3R 

6R 

3R 

3R 

SR 

SR 

“ 

4 

4 


| 

: 
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TABLE II.—REPORT OF 1957, 1958, 1959 AND 1960 INSPECTIONS OF 
BARBED WIRE SPECIMENS. 


Abbreviations of symbols used to designate appearance or state of corrosion: M = metallic; 
B = gray; Y = yellowed, or rust-stained, but not showing actual rough rust of base metal; R = 
rough rust of base metal figures preceding R (as 5, 20, 50, 100) are percentages; PHR, PHY = 


| | | 


rusted or yellowed in pinholes; SR, SY = speckled appearance of rust or yellowing; Br, Gn, respec- 22.8 
tively, signify corroded to a brown or green appearance; MG = intermediate between M and G; 
GY = predominantly gray but showing indication of Y; BR = rust on barbs; Bl = Black. All 
” vacant blocks indicate 100R 
Wire Average Coating Lafayette, Ind. Ith. ¥ Col! 
No.(a) | oz per sq ft of - 
Surface(b) : years exposure years exposure years exposure ieee 
21.0 | 22.0 | 22.9 | 24.0 21.0 | 21.9 22.9 } 23.9 20.3] 21.3 | 22.5 23.3 20.8 | 21.8 50F 
chit 0.24 100R 
chio 0.27 
ch20 0.28 j 4  * 
uy ‘ is v ¢ Y 
ch32 0.535 | 10OR Y 
Chit 0.64 i 30R | 7OR 
Chas 0.70 3OR | SOR G 
0.82 | 1OOR | 1OOR | 1OOR | 10OR | | 10OR | 1OOR | 1OOR | 10OR | | | ¥ TOR 
0.92 87R Q5R 58R | BOR | GOR| GOR| 1OOR | 1OOR| IOOR| Y Gr 
Chis 0.97 QOR QOR| 95R} 38R} SOR| IOR| GOR|100R] Y Y 
Ch52 1.52 1OR 15R 2oR | GR 5R | G G G G G G 
Ch50 1.64 87R QOR 95R| SSR} 7SR| BOR] OSRI Y Y 
C45) 1.95 1OR JOR} 95R O5R Gy 2OR | 2OR| 
1.99 G G G G G IR G G G G 
Cho 1.99 G G G G G G G G G G G 
Chh7 2.00 7: 7, 1OR HOR} 65R | 7OR| 75R| GY 20R | GY | Gy 
co25 Gn Gn Gn Gn Gn Gn Gn Gn Gn Gn Gn Gn Gn 
2OPHR} 25PHR| 25PHR! 2oR| 45R | 47R|PHR | PHR | PHR | PHR | YSR | YSR 
a =< These barbed wire numbers do not always correspond to the 
unfabricated wire numbers as seen opposite: 
= b = The zinc coating weight reported in this column is the 


average of all stripping test determinations made on 
samples of barbed wire of the specific wire lot number. 


| 


TABLE II.—Continued 


ATMOSPHERIC ExposuRE TESTS OF WIRE AND WIRE PRODUCTS 
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. Colleae Station, Texas Santa Cruz, Calif. Manhattan, Kan. Davis, Calif. 
J years exposure years exposure years exposure years exposure “ 
- 
22.8 | 23.8 | 20.9 | 21.9 | 22.9 | 23.9 20.8 | 21.8 | 22.9 | 23.7 20.7 21.8] 22.8 | 23.8 | 20.8] 21.8] 22.9 |23.8 
; 1OOR | 1OOR | 100R | 10OR 100R | 100R | | 10OR 1OOR |100R | 1OOR | 1OOR | 1OOR | 1OOR| 1OOR | 100R 
l 1OOR | 10OR | | 1OOR 1OOR | 10OR | 1OOR | 1OOR |100R | 100R | 10OR | | 1OOR| | 100R 
68R QOR | 100R Q5R | 1OOR | 1OOR | 10OR 8OR | 100R | 100R | 100R 5R} 2OR 
50R | | 100R | 10OR 73R | GOR] 95R | 100R 95R | 100R | 1OOR | 100R BR} I5R 20R 
I5R | 7OR | 7OR 20R | 25R 5R | 60R | GOR | Y Y,SR] Y,SR /Y,SR 
28R 28R | 35R 50R 25R | 25R | ZOR| LOR 20R | BOR| SOR | SOR JOR 
6R} 1OR | ISR 20R | 20R | Y Y Gy GY Y Y 
50R | 6OR| | LOR 25R | 25R | 25R 25K 1OR 5OR | SOR 5R| 1OR | 1OR 
oor | 1OOR| GY wR] IR eR G G G G G G MG MG G G 
gon | 95R] GY | GY | Gy OR Gy | Gy | Gy 4 Gy G G MG MG G G G G 
JOOR | 1OOR| GY | GY | GY Gy Y Y Y Y cy | GY | G 6 Gy | cy | cy | Gy 
cor | won| cy | cy | cy cy | cy | cy | cy c |c | mc | mo | cy | cy | cy | cv 
Y Y G G GY GY cy | cy | cy | cy G G MG MG Gy | Gy | Gy | GY i 
Y Y G G G G cy | Gy | GY | Gy G G MG MG cy | Gy | cy | cy i 
“ Y Y Gy | GY | 13R | oR cy | cy | ¥ Y cy | cy | G G Gy | cy | cy | cy 
OR Y Y G GY |G,RB | G,RB G G cy | Gy G G MG MG G G G G 
oR G G G G G G G G G G G MG MG G G G G 
OR G G G G G G G G G G G G MG MG G G G G Y 
“ Y Y Cc G G G G G G G G G MG’ | MG G G G G 4 
Gn | Gn | Br | Br | Br Br Gn | Gn | Gn | Gn 81 81 | BI BR BR | BR | BR | Gn 
B, 100R 
YSR SR] SPHR | ISPHR 4osr | 4OSR JOR] ISPHR| ISPHR] 25SR] 25SR] 25SR | O5SR 
Barbed | Unfabricated|| Barbed | Unfabricated 
Wire Wire Wire Wire 
] 


d= Galvanized after fabrication 


wat, 
7 


Abbreviations and symbols used to designate appearance or state of corrosion: M = metallic; 
G = gray; Y = yellowed or rust-stained, but not showing actual rough rust of base metal; R = 
rough rust of base metal, figures preceding R (as 5, 20, 50, 100) are percentages; PHR, PHY = 
rusted or yellowed in pinholes; SR, SY = speckled appearance of rust or yellowing; Br, Gn, re- 
spectively, signify corroded to a brown or green appearance; MG = intermediate between M and 


TABLE III. 


NEPTUNE 


1957, 1958, 1959 AND 1960 INSPECTIONS OF 


FARM FIELD FENCE SPECIMENS. 


G; GY = predominantly gray but showing indication of Y. All vacant blocks indicate 100R. 


Fence | Weight of Zinc Lafayette, Ind. () Ithaca, N. Y. State College, Pa. Ames, lowa 
No. Coating, oz per 
sq ft of 21.0 | 22.0 | 22.9 | 2h.0 | 21.0 | 21.9 | 22.9 | 23.9 | 20.3 | 21.3 | 22.3 | 23.3 | 20.8 |21.8 
Surface(@) yr ye | yr ye ye | yr ye yr ye | ye | ye ye ye | yr 
S215 0.25 
A512 0.26 
0.28 
0.29 
A516 0.29 
Ave 0.27 
Aul2 0.30 
A510 0.31 
Ak22 0.5! 
0.51 
A216 0.31 
asil 0.32 
A520 0.38 
0,38 
AuIO 0.39 
Ave 0,55 
A326 0.42 
0.45 
A522 0.47 
A225 0.47 
0.48 
0.48 
A228 0.48 
Abel 0.49 
0.49 
A227 O49 
Ave O47 
A532 0.50 
A450 0.52 
A325 0.52 
Ave 0.5! 
0.60 
0.60 
0.60 
A238 0.60 
A335 0.61 
A237 0.61 
A235 0.61 
A337 0.64 
A540 0.65 
Ave 0.61 
A538 0.70 Q5R | 1OOR | 1OOR | | 1OOR| 1OOR| GOR | GSR] 1OOR 25R | 4OR 
A236 0.71 1OOR | 10OR | 1OOR | 1OOR | 1OOR| 1OOR| 1OOR| 95R] goR | 
0.75 1OOR | | 1OOR | | 1OOR | | 1OOR | 1OOR| 1OOR | 1OOR | 1OOR 60R | 95R 
0.76 1OOR | 1OOR | 1OOR | 1OOR | 1OOR| 1OOR | 1OOR | 1OOR | 1OOR | 1OOR | 100R 1OOR | 
A545 0.77 | 100R | 1OOR | 1OOR | 1OOR | 1OOR | 1OOR | 1OOR| | 1OOR | 100R 1OOR TOR | GOR 
ALLS 0.78 1OOR | 10OR | 1OOR | 1OOR | 1OOR | | 1OOR | 1OOR| 100R | 1OOR | 10OR 1OOR GOR | 1OOR 
ALLO 0.79 1OOR | | | | 1OOR | | | 1OOR| 1OOR | 1OOR | 1OOR 1OOR TOR | 9OR 
ave 0.75 
0.80 QR | GBR] 1OOR 65R | GOR] GOR 5R | 23R 2OR 5OR G 
0.81 | 1O0OR | 1OOR | | TOOR| | 1OOR | 1OOR | 1OOR | 1OOR | 100R 1OOR | 4oR 
0.62 JOOR | 100R | 1OOR | | 1OOR} | 1OOR | 1OOR| 1OOR | 10OR 1OOR 1OOR SR SR 
0.85 1OOR | | | | TOOR| 1OOR | 1OOR | 1OOR| 1OOR | 1OOR | 100R 1OOR | QOR 
ALLO 0.86 1OOR | 10OR | 1OOR | 10OR | 1OOR| 1OOR | 1OOR | 1OOR]| 1OOR | 1OOR | 100R 1OOR G 
Ave 0.83 
A540 0.93 | 1OOR | 1OOR | 1OOR | 1OOR| 1OOR| 1OOR| OTR gar GOR | 9OR 
ASNT 0.95 | 10OR | 10OR | 1OOR | BBR} GOR} GOR| GSR] GOR 95R Y Y 
0.96 85R QOR | 1OOR YOR] GOR] G 5R eR 2K G G 
0.96 | 100R | 100R | 1OOR | 100R| 1OOR | 100R | 1OOR| 1OOR | 1OOR | 10OR 1OOR SR JOR 
266 0.96 | 1OOR | 1OOR | 1OOR | 1OOR| 1OOR | 1OOR| Q5R JOR | 
0.98 | | 1OOR | 1OOR | 1OOR | 1OOR | 10OR | 1OOR | | 1OOR | 1OOR 1OOR sR | SR 
Ave 0.96 
A252 1.71 G G G G G G G G G G G G G G 
A550 1.76 G G G G G G G G G G 
axe 1.86 SR 5R aR 5R IR wR} OR] SR IR} OR aR SR G G 
Ave 1.78 
2.72 G G G G G G G G G G 
A298 2.73 G G G G G G G G G G G G G G 
ave 2.73 
Aool 12-146 Cr, G G G G BP 5SR 1OSR{ G G G G GSR | GSR 
Cold Drawn 
A00 12-14% Cr, MG MG MG MG MG G G G G G G 
Air Quenched 
| 186 Cr - OA Ni] 4 M MG MG 4 
A020 | Cu Covered, Gn Gn Gn Gn Gn Gn Gn Gn Gn Gn Gn Gn Gn Gn 
(7.42 oz per 
sq ft) 
AokO | Pb Covered, PHR| S5PHR] S5PHR| S5PHR} GOR} 4OR| LOR] PHR|PHR | IOOPHR IOOPHR) YSR | YSR 
(1.48 oz per 
sq ft) 


OL 
} 
| | 
| 
| 
| 
: 
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TABLE III.—Continued 


College Station, 


Texas 


| Santa Cruz, Calif. Manhattan, Kan. Davis, Calif. 
22.8 | 23.8 |20.9 21.9 | 22.9 | 23.9 20.8 |21.8 123.7 20.7.) 21.8 22.8 | 23.8 | 20.8 |21.8 |22.9 
ye | ye yr yr yr yr yr ye | yr | yr | ye ye ye | ye | yr 
| 100R | 100R| 100R| 100R | 100R | 100R | 100R | 100R | 100K | 10OR 
98R | GBR} 1OOR| 1OOR| 1OOR | | 1OOR | | 1OOR 1OOR 
| | 1OOR| TOOR| 1OOR| | 1OOR| QTR 
TOOR | | 1OOR| TOOR| 1OOR| | 1OOR | 1OOR | | 1OOR | 100R 
95R | 100R | 100R| 1OOR| “BOR| S5R | B5R} 4SR| TSR 
1OOR | 1OOR | 1OOR | 100R 1OOR | 100R | 10OR| 10OR} 1COR| 100R | 100R | 100R | 7OR| 9OR 
1OOR | | 1OOR | 100R 1OOR | 100R | 1OOR| 100R] 100R | 100R | 100R| 68R| 95K 
| 95R | | 95R | 100R | 1OOR| 1OOR| 95R| 1OOR| GOR | QOR| 48R| SOR 
| 1OOR | 100R | BOR} 100R| SOR| GOR| 65R | 25K] 
VOOR | 100R | 100R | 95R | 1OOR | 1OOR| 100R | 100R | 1OOR| | SOR] 55R 
1OOR | 10OR | 100R | 1OOR 1OOR | 100R | 1OOR| 1OOR| 1OOR| 1OOR | 1OOR | 100R | 10OR | 1OOR | 100R 
| 100R | 100R | 1OOR TSR | 10OR| SOR} GOR|100R | 4OR| GOR] 7OR 
5OR | GOR | 68R | 7OR 60R | 73R | 1OOR| 4OR 75R | 2OR 
| 100R | 100R | 1OOR QOR | 98R | 10OR| 1OOR| 1OOR| 100R | 1OOR | 1OOR | 1OOR | 1OOR | 100R 
6oR| GOR | 75R 85R 7TOR| 8OR| BOR} QOR| 3OR| 75R| GOR | SOR | 1OR| 20R 
1OR | ISR | 25R Y 1oR | G Y Y Y 
53R| 5SR | 75R | 75R 4oR| SOR] QOR| 3OR | 20R 8R | 20R| 
| ISR] I5R 25K] Y G G Y Y Y 
| GOR | 95R | 100R 73R| BIR} QOR| QOR| SOR] SOR| 65R | 75R] 4SR| 
2 26a | 30R 3OR| 33R | SOR] Y 5R| 20R | /Y¥,SR/Y,SR 
4SR} SOR | | TOR GOR| GOR} ¥ 25R | | 25K 
15R| I8R | 25K 30R ISR] 2OR| Y 15R Y Y 
SOR | | 4OR 38R| 45R| FOR] 3OR | Y,SR OR 
| 38R | 20R | 3OR| JOR) Y |81,¥ | 
8r{ | 18R | 2OR 2OR| 1oR | GY Y Y 
YOR} ISR | 2OR | 30K 25R | 25R| 25R| YOR} 4OR | Y 
VOOR} | GR} | I5R | 2OR 20R} Gy | Gy | 5OR | Gy 5R | I3R 
1OOR | 1OOR | G G G G G G G G G G MG MG G G G 
toon} 1ooR | SR} 1OR | JOR 25R| SOR] Y cy G Y Y 
JOOR| | ISR | 28R I5R| Gy Gy Y Y 
1OOR | 1OOR UR SR | Y,SR OR] GY | GY | GY cy cy GY cy 
95R| | YR | 1OR| IOR Y,SR|¥,SR | 10SR| 10SR} GY | GY | G G cy | cy | cr 
gor} 95R | ISR] 16R | 18R] ISR VOR] ¥ cy Gy | Y,SR|Y,SR/Y,SR 
| ISR | ISR | 2OR 20R | 20R| Y cy Gy Y Y Y 
1OOR | 1OOR | G G G G G MG MG 
5OR| GoR| G G G G G G G G MG MG G 
20R | G G G G G G G G MG G 
Q5R|}1OOR| IR} SR | Gy | Gy | Gy | Gy | Gy | Gy cy Gy | Gy | Gy 
| | GY | GY 3R aR cy | cy | cy | cy | cy | G MG MG G G 
WOOR| 1OOR | IR} IR LR Gy | cy | cGy | cy | cy | cy | mG MG cy | cy | Gy 
1OOR | 1OOR | Gy | GY cy Gy G Gy | Gy | sm | Gy | ey | Gy G Gy | cy | Gy 
GY cy aR G Gy Gy Gy cy GY | MG MG Gy G G 
G G G G G G G G MG MG G G 
5OR} 75R | GY OR 4R 5R Y,SR| ¥,SR} GY | GY | G G cy | Gy | Gy 
GY | GY aR 3R Y Y,SR} Gy | GY | MG G Gy | Gy | Gy 
Q5R 5R 5R cy cy GY cy Y Y cy cy cy 
G G cy cy Gy G G G MG MG cy | G 
GOR} 95R | G G G G G G MG MG G G G 
TOR} I5R | GY 16R| IER] ISR] GY | G MG MG G G G 
G G G G G G G G MG MG G G G 
ISR} GOR] BR 8R 5R 13R| TOR) ¥ Y GY Y Y 
3or| LOR | GY WR aR cy | cy | cy | Gy | cy Gy | MG G G G cy 
SR | SR | ISR | ISR] 158 I5R| Y Y 
G G G G G G G G G MG 
G G G G ¢ G G G G mG 4G | 
sicicie cjcicicicic |uw ie 
G G G G G G G je 
| 
GSR} G,SR| 15R} | 23R] 2OR JOR | 13R | 15R|G,SR/G,SR |} 18R | 1OR 25R | 25R 25R 
OR} 13R | 5R| SR] 5R/G,SR/G,SR | SR] 5R 
M,SY| M,SY | M,SY | M,SY MG | MG | MG | MG | MG | MG | MG 
Gn | Gn | Br | Br 8r 8r Gn |} Gn | Gn | Gn | Bi | BI | BI BR BR | BR | BR 
oR 


3.8 
1OOR 
1OOR | > 
| 
| 
JOR 
100R 
QOR 
=| 
100R 
TOR 
R 
Y,SR 
Y 
55R 
¥.SR a 
Y,SR 
Y,SR 4 
Y,SR 
Y,SR 
R 4 
G » 
G,SR 
| G,SR 
G,SR 
a | 2 
G 
Gy =\ 
Gy 
Gy 
SR { 
GY = | 
G 
GY 
R 
QR 
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TABLE V.—REPORT OF 1957, 1958, 1959 AND 1960 INSPECTIONS OF WIRE STRAND 
SPECIMENS. 


Abbreviations and symbols used to designate appearance or state of corrosion: M = metallic; 
G = gray; Y = yellowed or rust-stained, but not showing actual rough rust of base metal; R = 
rough rust of base metal, figures preceding R (as 5, 20, 50,100) are percentages; PHR, PHY = 
rusted or yellowed in pinholes; Br, Gn, respectively, signify corroded to a brown or green ap- 
pearance; SR, SY = speckled appearance of R or Y; MG = intermediate between M and G; 
GY = predominantly gray but showing indication of Y. 


Average Weight Strand | Bridgeport, Conn, Lafayette, Inc. Ithaca, N. Y. State College, Pa. 
inc Coatin No. 
ft 20.4 | 21.4] 22.4] 23.4 | 21.0] 22.0 | 22.9 | | 21.0 | 21.9 | 22.9 | 23.9 | 20.3 | 21.3 | 22.5 | 25.35 
of Surface ye | ye | ye | ye | ye | ye ye ye wim iw i@ ye | ye | ye | ye 
0.69 1OOR | 1OOR| 1OOR 35R | | GOR] SOR| 65R | OR 5R | 1OR| SOR 
0.37 0347 | IOOR| = 100R TBR 4OR | 20R| | 35R TSR 
| 1OOR LOR aR 6R QR} ISR aR eR 6R | 3OR 
0.95 0348 1OOR| 1OOR| - 100R 5OR | 2BR S5R SIR UR 
1.03 0362 | 1OOR| = 10OR 68R 15R | SOR] 35R | LOR 18R 
1,10 0360 1OOR 1OOR 25k 25R G G Gy cy 3R 
1.17 0361 TOOR | TOOR| 1OOR 15R | TOR| I8R | GY Gy cy aR 
1.32 0367 TOOR | 1OOR| 100R 4aR 25R | 23R | | SR] Y Y Y 
1.39 5OR 1OOR G G G G G G 
1.51 0365 | 1OOR| 1OOR 68R Gy Gy SR} 1OR| ISR] 2OR] GY Gy cy Gy 
1.71 0571 Gy 20R| - QOR G G G G G G G G G G G 
2.47 0375 Gy Gy - 20R G Gc G G G G G G G G G 
Lead Coated 0045 SOPHR | SOPHR| SSPHR| 25R | TOR | 78R | PHR | PHR | PHR | IOORKY 
(1.96 oz per sq ft) 
Ames, lowa College Station, Texas Santa Cruz, Calif. Manhattan, Kansas Davis, Calif. 
20.8 | 21.8 | 22.8] 23.8] 20.9 | 21.9 | 22.9 | 23.9 | 20.8 | 21.6 | 22.9 | 23.7 | 20.7 | 21.8] 22.8 | 23.8 | 20.8] 21.8] 22.9] 23.8 
yt _| yr yt yr yr ye | ye | ye | ye | yr yr ye ye | ye | yr 
GY G G Gc G 6 G G Gy GY Gy Gy G G G G Gy Gy Gy Gy 
cy Gy Gy cy G G Gy Gy cy cy cy Gy cy Gy G G Gy Gy Gy Gy 
GY Gy Gy Gy G G G G MG MG G G G G G G G 6 iG G 
G G G G G G G G G G G G G G G G G G G G 
Y Y Y Y G G Gy Gy G G G G GY Gy G G G Gy Gy Gy 
G G G G G G G G G G G G G G G G G G G G 
Gy | Gy G Gy G G Gy Gy Gy cy Gy Gy Gy Gy | G G Gy cy cy Gy 
Y Y Y Y G G Gy cy G Gy Gy Gy Gy cy | G G G cy cy Gy 
G G G G G G G G G G G G G G G G G G G G 
Gy GY Gy Gy G G G G Gy Gy Gy Gy Gy G G G Gy Gy Gy Gy 
G G G G G G G G G G G G G G G G G |G 
G G G G G G G G G G G G G G G G G G G G 
YSR | YSR | YSR | YSR SPHR| OSPHR| 25PHR| 30PHR| 68SR| IOR| IOR| 4OR| I5R| ISPHR| 


a = | 
4 


Report or Commitree A-5 (APPENDIX II) 
TABLE VI.—BREAKING LOADS OF WIRES REMOVED AFTER APPROXIMATELY 21 
YEARS OF EXPOSURE. 


Wire Lot | Original | Breaking | Loss, Wire Lot | Original Loss, 
Breaking | Load, Percent N Breaking Percent 
Load, Ib Ib Load, Ib 


thaca, N. 


46,2 
49.8 


ere 


“eee 


res 
SOO FUDD 


ob 


2 
9 


fayette, 


NON AN 


COBEN DN 


28 
25 
26 
26 
23 
22 
22 
23 
18, 
al, 
22 
al 
20 
20 
al 
5 
30 
° 


oo 


cobobsbsoso 
8° 


501 500 269 20.3 5 
506 520 271 17.3 
507 590 301 
510 500 310 
280 171 
te 512 320 197 
520 280 209 
521 270 199 
522 500 346 
a 530 310 209 7 
531 500 354 
540 300 22h 
350 262 
510 361 
545 300 
4to 570 448 
ui 630 520 
840 636 
470 
a 422 500 416 
0035 1280 1280 
008 2510 2565 
009 290 265 
510 500 264 47.2 431 880 627 a 
511 280 127 54.6 432 510 319 
: 512 320 145 54.7 44o 590 435 
520 280 170 39.3 470 3h7 
521 270 143 45.2 570 
522 500 257 48.6 495 750 585 
"* 530 310 169 43.1 315 890 688 4 
> 531 500 290 42.0 316 10 852 
| Pate 540 300 191 36.3 317 780 635 
54 350 39.4 326 700 532. 
542 510 eg2 42.7 327 1160 903 
543 300 199 3367 329 720 564 
ku 630 36.3 335 10ko 826 
Bho 560 33.3 336 760 608 
470 307 34.7 337 860 613 
422 500 363 27 345 890 
I 423 hoo 261 34.8 235 1680 1162 
430 780 555 28.8 02! 1640 1630 
A 022 2320 2290 
a Ames, lowa 
ob 510 500 397 20.6 022 2320 2310 ; 
5 280 215 23.2 001 1230 1265 
512 320 ook 2420 2330 ‘ 
522 500 431 13.8 005 320 325 
=U 530 310 272 12.3 002 1510 1320 
§ 4 531 500 430 14.0 006 2480 2530 . 
ki2 840 703 16.3 007 280 295 
431 880 780. W164 003 1280 1280 } 
WT 2230 2102 10.2 008 2510 2615 id 
y a 021 1640 1635 0.0 009 290 290 
015 1250 1225 
510 500 518 3.6 006 2480 2485 0.0 
570 572 0.0 007 280 290 -0.04 
7 217 1080 1087 0.0 003 1280 1295 -0.01 ; 
ool 1230 1270 0.05 008 2510 2540 -0.01 
> 0h 2h20 2320 0.04 009 290 280 0.03 
> 005 320 325 -0.02 015 1250 1270 -0.02 
5 002 1310 1355 -0.03 021 1640 1645 0.0 
; 022 2320 2320 0.0 
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TABLE VI.—Continued 


Wire Lot | Original | Breaking | Loss, Wire Lot | Original | Breaking | Loss, j 

Breaking | Load, | Percent No. Breaking Load, Percent 7 
Load, Ib Ib | Load, Ib | Ib 


Santa Cruz, California 


45h 
ake 290 280 
6 1650 
1275 2325 


Davis, Califo 


70.01 
0.02 
0.07 


State College 


fo 
Se eee eae 


T's 


Findings from Tension Tests: strength. There were originally about 
840 tensile strength specimens exposed 
Tension tests are madeonly onthe un- at each site. The number of specimens 
fabricated wire specimens. These speci- removed to date is shown in Table B. 
mens are exposed in groups of seven taken The results of the tensile strength 
from the same lot of wire and supposedly tests of the specimens removed from 
alike. An attempt is made to remove and 1957 to 1960 are included in Table VI. 
test the first specimen of each group 
when it has been estimated to have lost Respectfully submitted on behalf of 
5 to 10 per cent of its strength, and the the Wire Test Inspection Committee, 
seventh specimen when it is estimated Frep M. REINHART, 
to have lost some 75 per cent of its “ers Chairman 


155 
510 500 “0.018 
51 280 0003 | | 
512 320 =0.01 
003 1280 0.0 
College Station, Texas 
512 320 273 14.7 009 290 80 0.03 7 ’ 
570 526 7.8 1250 1270 -0.02 
003 1280 1275 021 1640 1640 
008 2510 540 22 2320 2310 0.0 = 
003 1280 1290 1640 1635 
- 008 2510 2450 022 2320 2315 0.0 
009 290 270 
530 310 170 
531 500 250 
540 300 195 4 
350 230 k 
542 510 315 
543 300 201 
430 780 560 
431 880 610 
432 510 392 
590 
520 4o2 
442 345 
750 575 
570 | 
| 
7 
| 
| 


This report covers the 1960 inspection 
of coated hardware specimens exposed 
in 1958 at Newark, N. J. and at the 80- 
and 800-ft sites at Kure Beach, N. C. 

The hardware specimens remaining 
from the 1929 program were inspected 
at State College, Pa., on April 19, 1960. 
The results showed little change since 
the 1959 inspection reported in the 
1960 ASTM Proceedings, p. 116, and 
are therefore not included in this report. 

Background and details of the 1958 
Hardware Program may be found in 
the 1959 ASTM Proceedings, p. 133. 
These include basis metal compositions, 
coating procedures, individual coating 
thicknesses, and microscopic examina- 
tions. In the 1960 ASTM Proceedings 
are condensed tabulations of the ranges 
and averages of thickness for all sets of 
specimens together with the one year 
inspection report. 

In Tables I, II, and III, attached, 
are the 2-yr inspection data for the 
Newark and Kure Beach (80- and 
800-ft site) specimens. Only the speci- 
mens showing rust are itemized in the 
tables; all others show none. The 
numbering system for specimen identifi- 
cation is shown in Fig. 2 of the report in 
the 1959 ASTM Proceedings. 

None of the rusting observed to date 
is advanced, and suggested patterns 
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must be regarded as tentative. Sprayed 
aluminum (coating No. 10) and sprayed 
zinc (coating No. 9) show no rust at any 
location other than the slight rust 
staining around identification holes of 
coating No. 10 reported earlier. Of the 31 
specimens showing 5 per cent or more 
rust, 23 are coated with hot-dipped 
aluminum (coating No. 7), 7 are coated 
with hot-dipped zinc (coating No. 5) and 
1 with electroplated zinc (coating No. 8). 
Of these 31 specimens showing 5 per 
cent or more rust, 18 are bent, 12 are 
flat, and 1 is round. 

Table IV presents weight loss data 
for uncoated panels of six of the basis 
steels removed from the three sites 
after approximately two years exposure. 
These weight losses of the basis steels 
reflect an initially high corrosion rate 
which, particularly in the case of the 
low-alloy steels, becomes much reduced 
with increased exposure. Corrosion rates 
have not been calculated from these 
data since they would be misleading if 
extrapolated to periods greater than 
two years. 


Respectfully submitted on behalf of 
the subcommittee, 


W. W. BRADLEY, 
Chairman. 
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TABLE I.—INSPECTION OF COATED ae HARDWARE 
SPECIMENS AT NEWARK, 
Inspected 5-13-60; exposure period aot years. 
Abbreviations and symbols used to designate appearance or state of corrosion: 0 = no rust; 
5, 10, 25, 100 = approximate percentages of rust; R = rusting of base metal; Y = yellow or orange 
rust; R* = rust spots widely distributed; Tr = trace. 


Flat Panel Bent Panel Rounds 


Topside | Under | Thick \Topside| Under side | Thick~| Sides 


3 Coating Coating Coati 
Thick- ke 
mils mils mils 


Hot-dip zine (Code 5) 
0-5-11-15 
1-5-11-15 
2-5-11-14 
2-5-11-15 
2-5-11-16 
2-5-11-17 
2-5-11-18 
3-5-11-16 


Steel 
Coating 


2.29 | 40Y 
2.28 | 30Y ae 
spot 
Hot-dip aluminum 
(Code 6) 
0-6-11-18 
2-6-11-17 
3-6-11-18 
4-6-11-14 
Hot-dip aluminum 
(Code 7) 
0-7-11-17 2 
4-7-11-14 2.40 | TrY TrY 


1.59] ... | TrR 


Electroplated zinc 
Code 8) 

1-8-11-18 2.0 TrR 


Sprayed aluminum 
(Code 10) 6 


* Removed b of d 
> Light rust staining around identification holes. 


& = 
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RY’ TABLE II.—INSPECTION OF COATED STEEL HARDWARE SPECIMENS AT 


KURE BEACH (800-FT SITE), N. C. 
Inspected 5-31-60; exposure period 1.94 years. 

Abbreviations and symbols used to designate appearance or state of corrosion: 0 = no rust; 
5, 10, 25, 100 = approximate percentages of rust; R = rusting of base metal; Y = yellow or orange 
rust; R* = rust spots widely distributed; Tr = trace. 


REPORT OF COMMITTEE A-5 (APPENDIX III) — 


Flat Panel Bent Panel Rounds 
§ Coating Coating Coating 
| Topside | Under Side | | Topside | Under | Teck | Sides 
ss38 mils mils mils 
Hot-dipped aluminum 
(Code 6) 
0-6-12-14 1.98 TrY 
2-6-12-15 mad 1.86 TrY 
3-6-12-14 2.46 | TrY 
4-6-12-17 1.89 TrY TrY 
4-6-12-18 2.21 TrY 
Hot-dipped aluminum 
(Code 7) 
0-7-12-14 2.40 TrR 5R 2.10 TrY aes 1.06 20R 
0-7-12-16 ewe 2.02 TrY TrY 
0-7-12-18 2.32 10* 
1-7-12-15 3.79 | TrR 
2-7-12-14 3.33 25R* 30R* 
2-7-12-16 3.79 | 30R 20R, 25R* 2.96 TrY TrY 
2-7-12-17 3.68 TrR aes 2.52 10Y 30Y 
2-7-12-18 2.60 TrY TrY 
3-7-12-14 2.49 5Y 5Y 
3-7-12-15 2.45 5Y 5Y 
3-7-12-16 2.87 TrR 5* 2.06 5Y 5Y 
3-7-12-17 1.90 TrY 5Y 
3-7-12-18 3.41 Tr¥ 
4-7-12-14 2.59 TrY 
4-7-12-15 | 2.80 TrY 
4-7-12-16 2.39 TrY TrY 
4-7-12-17 2.46 Try 
4-7-12-18 2.76 TrY 
Sprayed aluminum 
(Code 10) 


* Light rust staining around identification holes. 


eer 


H 
te 
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_ TABLE III.—INSPECTION OF COATED HARDWARE SPECIMENS AT 
KURE BEACH (80-FT SITE), N. C 
Inspected 5-31-60; exposure period 1.94 years. 
Abbreviations and symbols used to designate appearance or state of corrosion: 0 = no rust; 
5, 10, 25, 100 = approximate percentages of rust; R = rusting of base metal; Y = yellow or orange 
rust; R* = rust spots widely distributed; Tr = trace. 


Flat Panel Bent Panel Rounds 
w Coating Coating Coating 
4 Thick | ‘Topside | | ‘nese, | Topside Underside | | Sides 
ao mils mils mils 
Hot-dip aluminum 
(Code 6) 
0-6-13-15 2.77 Try 
0-6-13-17 2.08 TrY 
0-6-13-18 2.58 TrY wn 
2-6-13-14 1.74 TrY ~ 
3-6-13-16 2.33 TrY 
4-6-13-18 2.43 TrY 
Hot-dip aluminum 
(Code 7) 
0-7-13-14 ein mae 1.69 10R, 10Y 20Y 
0-7-13-15 3.33 TrY 1.84 10R, TrY TrY 
0-7-13-16 1.91 TrY 
0-7-13-17 2.04 | 20R, 5Y 10Y 
0-7-13-18 3.12 TrY TrY | 1.86 10Y TrY 
1-7-13-14 2.28 5Y TrY | 2.29 aN TrY 
2-7-13-14 3.01 20R, 10Y 55R | 2.21 25R, 5Y 30Y 
2-7-13-15 3.30 TrY TrY 
2-7-13-16 2.30 5R, TrY 20Y 
2-7-13-17 3.31 TrY TrY 
2-7-13-18 Ane 2.25 10R, 20Y 5Y 
3-7-13-14 ae 2.26 10R 5Y 
3-7-13-15 Er 2.35 5Y TrY 
3-7-13-16 3.36 | TrY TrY 
3-7-13-17 2.40 | TrY TrR, 5Y 
3-7-13-18 2.84 TrY 2.16 | TrR TrY 
Electroplated zinc 
(Code 8) 
1-8-13-18 2.53 le 15R 


TABLE IV.—WEIGHT LOSS OF UNCOATED BASIS METALS. 


Newark, N. J. . 92 yr | Kure Beach ee site) | Kure Beach (800-ft site), 
Weight, N.C. 1.70 yr Weight, g | N.C. 1.70 yr Weight, g 

Alloy 
Original] Final* | Loss |Original] Final* | Loss |Original] Final* | Loss 
Code 1—Carbon steel......... 805.4 |792.5 | 12.9 824.3 |802.2 | 22.1 |808.6 |794.6 | 14.0 
Code 21—Malleable iron....... 717.3 |703.8 | 13.5 |703.2 |682.1 | 21.1 736. 0 |723.4 | 12.6 
Code 2—Low alloy steel I...... 750.0 |742.8 7.2 |769.9 |757.7 | 12.2 |751.0 |742.2 8.8 
Code 3—Low alloy steel II..... 741.4 |735.4 6.0 |738.3 |724.9 | 13.4 |736.2 |727.0 9.2 
Code 4—Low alloy steel III... .|765.8 |756.2 9.6 |742.4 |729.1 | 13.3 |756.2 |745.9 | 10.3 
Code 0—Low alloy steel IV... ./776.1 |771.5 4.6 |775.0 \763.1 11.9 768.2 759.5 8.7 


* After stripping of corrosion products. 
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Committee A-6 on Magnetic Prop- 
erties held two general meetings during 
the year: on June 28, 1960, during the 
Annual Meeting of the Society in 
Atlantic City, N. J., and on Jan. 17, 
1961, in Pittsburgh, Pa. Meetings of sev- 
eral subcommittees and task groups were 
held concurrently with the general meet- 
ings. 

The present membership of the com- 
mittee is 36, of whom 16 are classified as 
producers, 16 as consumers, and 4 as 
general interest members. The com- 
mittee membership increased by 1 during 
the year, and there were 3 replacements. 
There have been no changes in the basic 
organization of the committee. 


RECOMMENDATION ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1960 Annual Meet- 
ing, Committee A-6 presented to the 
Society through the Administrative 
Committee on Standards the recom- 
mendation for the revision of the Stand- 
ard Definitions of Terms, with Symbols, 
Relating to Magnetic Testing (A 340- 
49), and reversion of the definitions to 
tentative. This recommendation was 
accepted by the Standards Committee 
on May 10, 1961, and the definitions 
appear in the 1961 Book of ASTM 
Standards, Part 3. 


STANDARDS CONTINUED 
WITHOUT REVISION 


The committee recommends the con- 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 
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tinuation without revision of the fol- 
lowing standards: 


Standard Methods of: 


Testing Magnetic Materials (A 34-55), and 

Test for Normal Induction and Hysteresis of 
Magnetic Materials (A 341 — 55). 

Standard Specifications for: 


Flat-Rolled Electrical Steel (A 345 — 55). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature and 
Definitions (I. L. Cooter, chairman) has 
revised definitions of terms and symbols 
maintaining uniformity between ASTM 
definitions and the definitions of the 
American Standards Association Sec- 
tional Committee C42. 

Subcommitiee IIT on Methods of Sam- 
pling and Test (J. W. Hale, chairman) 
has been continuing work on Specifi- 
cation A 343 with particular emphasis 
on matters pertaining to precision of 
test and accuracy of test methods. 

The Task Group on the Effect of 
Aluminum Additions to Silicon Steel on 
Silicon-Steel Density is still collecting 
information on material with and with- 
out oxide coatings for revision of por- 
tions of Method A 34. 

The Task Group on D-C Testing of 
High Coercive Magnets is currently 
circ ulating a series of magnets for inter- 


1 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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laboratory tests. Considerable progress 
has been made in the preparation of the 
Manual on Non-Standard Methods of 
Magnetic Testing which will also in- 
clude some basic information on the 
underlying facts of magnetic testing, 
and the task group has expressed the 
hope that it will soon be ready for 
publication. 

Although much of the work of the 
committee in the past has dealt with 
silicon steel and problems relating to it, 
there has been a considerable increase 
in the activity on the special alloys of 
the nickel-iron variety which are be- 
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coming of increasing commercial im- 
portance. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 36 voting members; 30 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


BEILER, 


W. S. EBERLY, 
Secretary. 
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Committee A-7 on Malleable Iron 
Castings held two meetings during the 
year: on June 28, 1960, at Atlantic City, 
N. J., and on Jan. 31, 1961, at Cin- 
cinnati, Ohio. A number of subcom- 
mittees met on the same occasions. 

The committee consists of 43 members, 
of whom 20 are classified as producers, 
10 as consumers, and 13 as general 
interest members. 

A Report on Corrosion Test Results on 
15 Ferrous Metals After One Year 
Atmospheric Exposure, prepared by 
Gordon B. Mannweiler, Chairman of 
Subcommittee VII on Corrosion, is ap- 
pended hereto.! 


REVISION OF TENTATIVE 


The committee recommends revisions 
as follows of the Tentative Specifications 
for Pearlitic Malleable Iron Castings 
(A 220 - 55 T)? 

Section 1—Add to the end of the 
scope “at both normal and elevated 
temperatures” and a new note to read as 
follows: 


Note.—For continuous service of some pearl- 
itic malleable irons at elevated temperatures, 
limiting stress levels are suggested in the Ap- 
pendix to this specification. 


Section 3.—Change the title from 
“Physical Properties” to read “Tensile 
Properties.” In Paragraph (c), change 
“L48005” to read “L53004.” 

Section 4(a).—Transpose the two 
sentences. 

* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 

1 See p. 164. 

21958 Book of ASTM Standards, Part 1. 
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Table I.—In both places change the 
hardness value of “228” to read “229.” 

A ppendix.—Add a new Appendix I on 
Elevated Temperature Characteristics, 
as appended hereto.* 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be 
referred to letter ballot of the Society. 


Standard Specifications for Malleable 
Iron Castings (A 47 — 52)? 


Section 1.—Add to the end of the scope 
“at both normal and elevated tempera- 
tures” and a new note to read as follows: 


Note.—For continuous service of some malle- 
able irons at elevated temperatures, limiting 
stress levels are suggested in the Appendix to 
this specification. 


A ppendix.—Add a new Appendix I on 
Elevated Temperature Characteristics, 
as appended hereto.’ 


Standard Specifications for Malleable 
Iron Flanges, Pipe Fittings, and Valve 
Parts for Railroad, Marine, and Other 
Heavy Duty Service (A 338 - 54)? 


Title—Add to the end of the title 
“at temperatures up to 650 F.” 
Section 1.—Add to the end of the 


*The new Appendix appears in the revised 
specifications; see 1961 Book of ASTM Stand- 
ards, Part 1. 
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scope, “Service shall include up to 
650 F.*” 


3 Based on ASTM Technical Paper, “Stress 
Rupture Properties of Malleable Iron at Ele- 
vated Temperatures,” by Lauriston C. Marshall 
and George F. Sommer, Proceedings, Am. Soc. 
Testing Mats., Vol. 58, p. 733 (1958). 


REAPPROVAL OF STANDARD 


The committee recommends the reap- 
proval of the Standard Specification for 
Cupola Malleable Iron (A 197 - 47). 


The recommendations in this report 
*The letter ballot vote on these recommen- 


dations was favorable; the results of the vote 
are on record at ASTM Headquarters. 


have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


This report has been submitted to 
letter ballot of the committee, which 
consists of 43 members; 27 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


Cart F. Josepu, 
Chairman. 


James H. LANSING, 

Secretary. 
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Corrosion test data are presented for 15 different ferrous materials after a 

__ l-yr exposure to the atmosphere at five different locations. These comprise the 
first series of four removals over a 12-yr period. Weight loss comparisons be- 

_ tween uncoated cast surfaces and uncoated machined surfaces are given for a 
‘ dozen cast metals. Malleable irons, in general, were found to resist atmospheric 
attack decidedly better than did unalloyed rolled steel. Lower corrosion rates 
__ were achieved by alloying with small amounts of copper (or other alloys). 
bg Rural sites seemed, to be the least severe on the unprotected metals. The cast 
_ (graphitic) materials showed greater attack at industrial sites, whereas marine 
locations proved to be harder on the wrought steels. 


In the fall of 1955, through the per- 
severing efforts of the late William A. 
Kennedy, then chairman of ASTM Com- 
mittee A-7 on Malleable Iron Castings, 
and James H. Lansing, Secretary of Com- 
mittee A-7, plans were initiated to expose 
several grades of standard (ferritic) mal- 
leable and pearlitic malleable irons to 
prevailing atmospheres at several differ- 
ent sites. The full cooperation of the 
ASTM Advisory Committee on Cor- 
rosion made possible the exposure of the 
test materials at established ASTM ex- 
posure sites throughout the country. 
Some 2} yr were consumed in planning 
the program and in obtaining, identify- 
ing, machining, cleaning, and weighing 
the 1620 specimens. In the early summer 
of 1958 all (uncoated) test plates were 
set out at five different sites. Removal of 
a representative one fourth of all plates 


CORROSION TEST RESULTS ON 15 FERROUS METALS 
AFTER 1-YR ATMOSPHERIC EXPOSURE 
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and subsequent evaluation of the extent 
of corrosion were scheduled after com- 
pletion of 1, 3, 7, and 12 yr exposure. This 
report covers the subcommittee’s findings 
after the first year’s exposure. 


MATERIALS 


In order to be certain that the tests 
would be representative of the product of 
the malleable industry as a whole, 10 
different malleable irons were selected. 
These were produced by leading com- 
mercial foundries in accordance with 
ASTM Specifications A47-52' and 
A 220-55 T.2 For the sake of compari- 
son, in addition to the malleable irons, a 

1 Standard Specification for Malleable Iron 
Castings (A 47 - 52), 1958 Book of ASTM 
Standards, Part 1, p. 1475. 

2? Tentative Specifications for Pearlitic Mal- 


leable Iron Castings (A 220-55 T), 1958 Book 
of ASTM Standards, Part 1, p. 1480. 
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series of each of the two grades of 
nodular iron (complying with ASTM 
Specification A339-55*) and three 
rolled steels were included among the 
materials for testing. Cast steels were not 
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was a lack of interest in the atmospheric 
corrosion-resistance of gray irons. A list- 
ing of the 15 metals exposed under this 
program is given in Table I. 

Of eachof the 12 cast metals, 120plates 


TABLE I.—BASIS METALS FOR TEST. 


Identification 
Material : Manufacturing Process Code 
Letter, |Number 
First of 
Hole |Notches 
Standard malleable iron, ASTM : . 35018 M.I.—(L) A 0 
A 47 - 52, grade 35018. ...... cold-melt, air-furnace { 35018 M.I.—(E) B 1 
Alloyed malleable iron, contain- * 
ing 0.5 to 0.75 per cent copper..| cold-melt, air-furnace 35018 M.I. + Cu 2 
(same heat as one rf. 
above) 
Standard malleable iron, ASTM F 32510 M.I.—(N) D 3 
A 47 52, grade 32510....... 32510 M.I.—(A) E 
urnace 
(Hi Si) 
cold - melt, air - furnace; | 45010 PMI—(L) F 5 
reheat, quench and 
Pearlitic malleable iron, ASTM } temper 
A 220 - 55 T, grade 45010. ..)| cold - melt, air - furnace; 45010 PMI—Mn G 6 
| Mn-alloyed, air-quench 
and temper 
(| cold - melt, air - furnace; | 60003 PMI—(L) H 7 
Pearlitic malleable iron, ASTM quench and 
A 220- 55 T, grade 60003...|) auniex, cupola—electric; | 60003 PMI—(C) J 8 
air-quench and temper 
Pearlitic malleable iron, ASTM 
A 220 - 55 T, grade 80002....| duplex, cupola—air fur- 80002 PMI—(W) K 9 
nace; oil-quench and 
temper 
Nodular iron, ASTM A 339 — 55, 
grade 80-60-03.............. as-cast; cupola 80-60-03 N.I. L 10 
Nodular iron, ASTM A 339 — 55, 
grade 60-45-10.............. cupola; full anneal 60-45-10 N.I. M 1l 
Mild steel, AISI 1020.......... % in. rolled plate 1020 steel N 12 
Low-alloy steel................ \% in. rolled plate Corten steel P 13 
Copper-containing carbon steel. .| 4 in. rolled plate Cu-bearing steel s 14 


chosen for this investigation because 
under other auspices a number of cast 
steels were already under test at the Kure 
Beach and East Chicago sites, starting in 
October 1953 for 1-, 3-, and 7-yr periods. 
The inclusion of gray iron specimens was 
considered, but advice from Committee 
A-3 on Cast Iron indicated that there 


*Standard Specification for Nodular Iron 
Castings (A 339-55), 1958 
Standards, Part 1, p. 1458. 


Book of ASTM 


were procured, cast to the 4 by 6 by 3-in. 
size. Half (that is, 60) of each of these 
lots were machined on both 4 by 6 in. 
surfaces, approximately § in. being re- 
moved from each surface, leaving a plate 
} in. thick. Of the three steels, 60 plates 
of each type were procured in the 4 by 
6 by }-in. size and no machining was done 
thereon. The edges of none of the speci- 
mens were machined. 

The chemical composition of each of 
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the 15 metals is given in Table II. These 
represent actual analyses by the same 
laboratory of each of the materials in the 
condition in which they were corrosion- 
tested. Because of possible sampling 
difficulties through loss of the graphitic 
carbon, total carbon determinations were 
not run on the malleable irons. For 
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left corner of all specimens was ground 
off at 45 deg. Notches were machined 
into the bottom (4-in.) edge to identify 
the material, in accordance with the 
system noted in the last vertical column 
of Table I. To confirm identity of the 
plate material and to indicate precisely 
the exposure history of every individual 


TABLE II.—COMPOSITION OF TEST MATERIALS. 


Element, per cent 
Material 

Carbon | Silicon | sulfur | Hhos. | | Nickel | Copper 
35018 malleable iron—(L)...... e 1.12 | 0.32 | 0.075) 0.155) 0.01 | nil nil | 0.08 
35018 malleable iron—(E)..... e 1.11 | 0.36 | 0.070) 0.140) 0.01 nil nil | 0.10 

35018 malleable iron with 
1.12 | 0.36 | 0.095) 0.150) 0.01 | 0.01 nil | 0.65 
32510 malleable iron—(N)..... e 1.11 | 0.57 | 0.214) 0.054) 0.02 | 0.01 nil 0.14 
32510 malleable iron—(A)..... e 1.60 | 0.45 | 0.156) 0.037) 0.02 | 0.01 nil | 0.08 
45010 pearlitic M.I.—(L)...... . 1.14 | 0.36 | 0.072) 0.153) 0.01 | 0.01 nil 0.06 
45010 pearlitic M.I., Mn....... * 1.16 | 0.87 | 0.086) 0.145) 0.03 | 0.02 nil | 0.10 
60003 pearlitic M.I.—(L)...... ° 1.12 | 0.35 | 0.070) 0.155) 0.02 nil nil 0.07 
60003 pearlitic M.I.—(C)...... e 1.31 | 0.45 | 0.115) 0.054) 0.02 | 0.05 nil | 0.05 
60-45-10 nodular iron.......... 3.57 | 2.32 | 0.30 | 0.018) 0.025) 0.03 | 0.08 | 0.05 | 0.07 
80-60-03 nodular iron..........| 3.70 | 2.37 | 0.28 | 0.023) 0.027; 0.01 | 0.08 | 0.04 | 0.05 
Mild steel, AISI 1020......... 0.18 | 0.01 | 0.79 | 0.030) 0.012) 0.04 | 0.03 nil | 0.05 
Copper-bearing steel........... 0.18 | 0.04 | 0.63 | 0.045) 0.015) 0.03 | 0.01 nil | 0.26 
4 ee ees ce 0.09 | 0.42 | 0.32 | 0.042) 0.120) 1.02 | 0.49 | 0.07 | 0.46 


* Not determined. 


Nore.—All analyses were run on actual test specimens at one laboratory. 


guidance, the total carbon content of the 
white irons from which the three 35018 
standard malleable irons and the 45010 
and 60003-(L) pearlitic malleable irons 
would normally be in the range 2.20 to 
2.40 per cent carbon. The other sets of 
malleable and pearlitic malleable irons 
would be 2.40 to 2.60 per cent total 
carbon. 

Representative microstructures of the 
15 different materials are presented in 
Fig. 1. These were taken just under the 
surface of specimens exposed 1 yr at 
State College. Hardness test results, 
determined on representative specimens 
in the }-in. thickness, are listed in Table 
III. 


IDENTIFICATION OF SPECIMENS 


. To serve as a locating point the upper 


plate, a 3-hole numbering system was 
employed. By marking off 3-in. centers 
laterally as well as longitudinally on a 
4 by 6-in. surface, it is possible to locate 
10 centers across the 4-in. dimension and 
15 centers down the 6-in. dimension. Any 
one such center could signify a two-digit 
number. By drilling three 4-in. diameter 
holes at appropriate centers, three two- 
digit numbers are generated, which 
suffice to identify each test plate fully. 
Reading from left to right and top to 
bottom, the first hole designates the ma- 
terial and year of removal; the second 
hole indicates the number of the speci- 
men and whether the exposed surface is 
as-cast or machined. The third hole 
locates the exposure site, as specified in 
Fig. 2. For example, plate J3-J8-N8 
would be grade 60003 pearlitic malleable 


= 


iron, obtained from source “C,” third ex- 
posure period (7 yr), machined, and ex- 
posed at State College, Pa. It would have 
8 notches on the bottom edge. By this 
system of both notches and holes, the 
material from which any plate is made 


TABLE III.—HARDNESS OF BASIS 


METALS. 
Hardness, Brinell 
Hardness Number 
Material 
max | min | avg* 
35018 malleable iron—(L)...... 131| 131) 131 
35018 malleable iron—(E)..... 121) 118) 119 
35018 malleable iron with 
152) 143) 146 
32510 malleable iron—(N)..... 116} 114) 115 
32510 malleable iron—(A)..... 128} 126) 127 
45010 pearlitic malleable iron— 
201| 197| 198 
45010 pearlitic malleable iron, 
— pearlitic malleable iron— 
229) 229) 229 
coms pearlitic malleable iron— 
187) 187| 187 
80002 pearlitic malleable iron— 
60-45-10 nodular iron.......... 143) 143) 143 
80-60-03 nodular iron.......... 229) 207) 214 
1020 steel, hot-rolled plate... ... 137| 137 
Copper-bearing steel..........| 131) 131) 131 
Corten (low-alloy) steel. ....... 156| 156) 156 


@ Average of three readings. 
Nore.—Hardness determinations made on 
Y{ in. thick specimens. 


can be determined either by the number 
of notches or by the position of the first 
hole. 


CLEANING AND WEIGHING 


All castings and rolled plates were 
thoroughly cleaned to remove possible 
traces of rust, scale, and cutting oils. 
They were then weighed to 2-mg ac- 
curacy on a laboratory balance of 2000-g 
capacity. Following weighing, each speci- 
men was sealed in an individual envelope 
that had been treated with a proprietary 
volatile corrosion inhibitor. The plates 
were then crated, shipped to the ap- 
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propriate test site, and stored under 
cover until mounted. 


Test SITES AND MOUNTING 


OF SPECIMENS 


Two marine sites (Kure Beach, N. Cc. 
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Fic. 2.—Identification of Specimens. 

Distance between centerline of 4%-in. diameter 
holes = 3 in. 

Specimen identification: Notches and first hole 
(letter) (see Table I). 

Year of exposure: First hole, numbers 1, 2, 3, 
or 4. 

Specimen number and machined-or-unma- 
chined: second hole (letter and number). 

Exposure site: Third hole. 


N8 
ss 
$10 
N10 


and Point Reyes, Calif.), two industrial 
sites (East Chicago, Ind., and Newark, 
N. J.), and one rural site (State College, 
Pa.) were finally selected. The site at 
Kure Beach was the one 80 ft from the 
ocean. Originally one of the locations 


— 
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was to have been near Galveston (below 
Freeport), Tex., but this was supplanted 
by State College in order to include a 
rural site. 

All specimens were secured with por- 


celain insulating knobs to corrosion-re- 


Project (Kure Beach, N. C., 80-ft Site). 


sistant metal frames, which are inclined 
30 deg from the horizontal and are some 
2 to 4 ft from the ground. The exposure 
is essentially south at East Chicago, 
Newark, and State College. The Point 
Reyes site faces west to the Pacific; the 
Kure Beach site faces east and is parallel 
to the Atlantic Ocean shore. Figure 3 
presents a general view of a typical rack 
of specimens under exposure. A close-up 
; view of several plates (Fig. 4) shows the 
details of specimen markings and method 
of mounting. 

At each of the five test locations, 324 
specimens were mounted, providing 81 
plates for each of the four years of re- 
moval. All 12 cast metals were exposed 
with both as-cast and machined surfaces. 
All sets, 27 in all, for each of the four ex- 
posure periods, were in triplicate. No 
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coated specimens were included in this 
test. 
REMOVAL AND CLEANING 


After one year of atmospheric ex- 
posure, all sites were serviced. The first- 
year plates were removed, boxed, and 


Fic. 3.—General View of a Typical Rack for Exposing 405 Test Specimens at the Start of This 


shipped to a common point for cleaning. 
The plates remaining on the racks were 
examined, broken insulating knobs were 
replaced, and bolts tightened. All plates 
were cleaned by the sodium hydride de- 
scaling process which removes only the 
oxides, leaving the base metal unat- 
tacked. The cleaned and dried plates 
were then reweighed and weight losses 
calculated. 

In this investigation no attempt was 
made to run pit depth measurements be- 
cause of the time involved and the con- 
siderable scatter that has been reported 
by other investigators (1) in making such 
determinations. 


* The boldface numbers in parentheses refer 
to the list of references appended to this paper. 
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and by 3.42 sq dm for the } in. thick 
plates. It was felt that this was of suffi- 
cient accuracy for a test of this kind, since 


RESULTS AND DISCUSSION 


The total weight loss and weight loss 
per unit surface area for the triplicate 


4 


Fic. 4.—Close-up View of a Group of Test Specimens After Exposure to the Atmosphere for 1 yr. 


specimens in each of the 135 sets were 
averaged and standard deviations com- 
puted from the loss/area data. Weight 
loss per unit area was determined by 
dividing the net weight loss (in grams) 
by 3.74 sq dm for the } in. thick plates 


all plates were reasonably uniform in di- 
mensions. The results are listed in Tables 
IV, V, and VI. 

Individual weight losses were found to 
fall well within the limits attributable to 
chance. Agreement within each set, that 
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— V.—WEIGHT LOSS RESULTS FOR CAST SPECIMENS MACHINED TO }4-IN. THICKNESS. 


All Sites 


> 


Weight 


Loss 


3.95 


Industrial 


East Chicago, Ind. 


Stan- 
dard 
Dev 


0.18 


Weight Loss, 


6.03 


20.62 


Newark, N. J. 


0.27 


Weight Loss, 
avg* 


5.10 


17.44 


Marine 


Kure Beach, N. C. 


0.10 


avg" 


3.63 


Be] Ns 


12.41 


Point Reyes, Calif. 


Weight Loss, 


Rural 


State College, Pa. 


ANNAN 


TID. 


Material 


35018 M 
35018 M 


+ Cu 


(N).. 
(A) 


45010 PMI (L)... 


(L) 


45010 PMI, Mn 
60003 PMI (L). 
60003 PMI (C). . 
80002 PMI (W) 
60-45-10 N.I 
80-60-03 N.I 


35018 M 
32510 M 
32510 M 


All cast plates............. 


@ Each reported value represents the average for three companion specimens. 


> Average of only two companion specimens; one plate missing. 


| 
On ATMOSPHERIC EXPOSURE OF FERROUS METALS 173 
| 
| 
N 
4 
| | 
7 


¥ 
: 
< 
E 
= 
fo) 
1S) 


88° 


be 


wip bs 19d 3 


‘sso’y 


3 


88°16 


bs ‘ 
|2 ‘PN 


6h 9G 


18°92 
69° LE 


3 


piep 


14319, 


90°9 


88° 
16° 


wp bs 
sad 3 


3 


paar 


‘SST 


Le" 
92° 99°% 
9F OF 


TIV 


[903s 
[9938 
[9°98 OZOT 


pep 
“URIS 


Bs 


“puy 


'N ony 


‘MED ‘saKay 


= - 


NI % ‘GANIHOVIND ‘SNAWIONdS TAALS GATIOU UOA SLTASAU SSOT LHDIAM—'IA 


174 | 
? 
| 
P 
iz eee 
oo 
($25 
4 
wo 
4 | 
| 
7 = : : 


On ATMOSPHERIC EXPOSURE OF FERROUS METALS 175 


is, on replicate specimens, was generally 
very good 

Summary results are presented in Fig. 
5 in the form of three bar graphs. In each 
group the bars are arranged in the order 
of increased attack from left to right. 


As-Cast Versus Machined Surfaces: 


Based on grand averages, the machined 
plates lost more weight than the speci- 


60-45-10 nodular iron meaiines sur- 
faces which could perhaps be related to 
the atmosphere of the heat-treating 
furnace. Possibly this scale contributed 
to increased attack on the as-cast sur- 
faces. Heavy scaling was also observed on 
the two 32510 malleable irons. This con- 
dition seemed worse on the machined 
specimens than on the unmachined. 
Therefore, some correlation appears to 
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Ze | [Rolled Steel 
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Fic. 5.—Average Weight Loss of Specimens Exposed 1 yr, All Sites. 


mens exposed with as-cast surfaces. How- 
ever, when the individual materials are 
examined, the pattern tended to be some- 
what erratic, with 7 metals showing 
greater corrosion rates for the machined 
specimens and 5 showing less attack in 
the machined condition. The two 32510 
malleable irons as machined lost 47 and 
34 per cent more than the unmachined, 
whereas the two machined nodular irons 
exhibited 34 and 31 per cent less weight 
loss than the unmachined. 
Microstructural studies failed to reveal 
any specific cause for such anomalies. 
Visual observations of the plates after 1 
yr exposure, but before cleaning, re- 
vealed large flakes of a bluish scale on the 


exist between visual appearance and 
actual weight loss. Other investigations 
have found this to be the case, even to 
the extent of finding a correlation be- 
tween color of scale and weight loss (3). 
The bar graphs of Fig. 5 reveal a 
noticeably higher attack for the two 
32510 malleable irons than for the other 
cast metals, particularly in the machined 
condition. No acceptable explanation can 
be offered at this time on the basis of 
metal history, chemistry, or structure. 
While both of these sets were produced 
by two large completely unrelated 
foundries, it should not be construed to 
suggest that all malleable irons of grade 
32510 would be attacked as severely as 


7 

| 

32 
i 
La 
fi 
3° 


176 Report of Commitree A-7 (APPENDIX) 


were those employed in this project. The 
60003-(C) and 80002-(W) pearlitic mal- 
leable irons were made from 32510-base 
iron, but corrosion rates for these were 
normal. 


Comparison of Materials: 


On the basis of grand averages, the 
two nodular irons showed 21 per cent 
greater attack than did the ten malleable 
and pearlitic malleable irons as a group 
in. the unmachined condition. However 
the reverse was true for companion ma- 
terial exposed in the machined state, 
namely, 2.94 g per sq dm for nodular 
irons as against 4.16 g per sq dm for all 
malleable irons combined. Were the two 
abnormal 32510 malleable irons excluded 
from these averages, the grand average 
for the eight malleable irons, machined, 
would be 3.40 g per sq dm—roughly the 
same as the corrosion rates for nodular 
irons as machined. 

There seemed to be no significant 
difference in resistance to atmospheric 
corrosion between ferritic (standard) and 
pearlitic malleable irons. If the unusually 
high results for the two 32510 malleable 
irons were neglected, the averaged values 
for both groups are almost identical 
(namely 3.33 versus 3.35 g per sq dm, 
respectively) combining machined and 
unmachined test results. Specimens ex- 
posed with as-cast (unmachined) sur- 
faces showed somewhat greater corrosion 
in the pearlitic malleable irons as a group 
than in the standard malleable materials. 
On the other hand, in the machined con- 
dition the standard malleable irons ex- 
hibited slightly higher weight loss than 
did the pearlitic malleable irons. 

With regard to the nodular irons 
tested, the ferritic material (grade 60- 
45-10) was attacked more than the 
pearlitic (grade 80-60-3) in both ma- 
chined and unmachined conditions (by 
22 and 26.5 per cent, respectively). Since 
there was only one sample lot of each of 


the two nodular iron grades, these differ- 
ences could be peculiar to the particular 
stock employed for the test. In other 
words, all nodular irons might not neces- 
sarily follow the same pattern. 


Benefits of Alloying: 


The loss in weight of unalloyed 1020 
steel was 87 and 78 per cent greater than 
the averages for all cast specimens un- 
machined and machined respectively. 
Increasing the copper content up to 
about the 0.25 per cent level reduced the 
loss in weight from 7.05 g per sq dm to 
5.41 g per sq dm (average for all sites), or 
some 23 per cent. Nevertheless, even with 
the added copper, the copper-bearing 
steel underwent some 40 per cent greater 
corrosive attack than the average of all 
cast specimens. Additional-alloying of the 
steel (that is, “Corten”) improved fur- 
ther its resistance to atmospheric attack, 
so that the weight loss was roughly 
equivalent to the average for all the un- 
alloyed cast metals. Other studies (2) 
have demonstrated that alloying with 
copper, phosphorus, nickel, or chromium 
is beneficial, and this is borne out here. 

The advantage of the 0.25 per cent 
copper in steel was most pronounced at 
the marine locations, where 29 and 39.5 
per cent (Kure Beach and Point Reyes, 
respectively) reduction in weight loss 
was accomplished. The least benefit, or 5 
per cent, occurred at the rural (State 
College) site. The industrial locations 
gave intermediate benefits, namely, 9.5 
and 13 per cent at East Chicago and 
Newark, respectively. 

In malleable irons the addition of 
about 0.5 per cent copper was advanta- 
geous, primarily in industrial atmos- 
pheres where an average weight loss re- 
duction of 22 per cent resulted. In 
marine atmospheres this reduction was 
only about 3.5 per cent, while in rural en- 
vironments a mere 2 per cent reduction 
was realized. This is qualitatively in ac- 
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cord with the findings of other investi- 
gators (3), who have reported that copper 
is most beneficial in sulfurous industrial 
atmospheres and that the effect of copper 
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levels (up to 1.0 per cent). As the present 
project continues over the longer term, 
such trends will be evaluated for the ma- 
terials included in this work. 


Fic. 6.—Average Weight Losses for All Specimens at Each of the Five Exposure Sites. 


is greater in steels than in irons (4). Over 
exposure periods up to 33 yr, 0.1 per cent 
copper has been reported (2) to suffice in 
improving corrosion resistance, with 
little benefit being derived from greater 
amounts. However, over longer periods 
(that is, 15 yr) continued improvement 
has been obtained from higher copper 
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Effect of Environment: 


References have been made in the 
discussion above to how the various 
metals were affected differently by the 
atmosphere at the several sites. In Fig. 6 
the averaged results for all materials at 
the five test locations are graphically 
pictured. It is very apparent that the 
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mildest environmert prevailed at the 
rural (State College) site. For the cast 
alloys, the most severe atmospheres 
proved to be at the industrial sites, East 
Chicago being decidedly worse than 
Newark. Intermediate corrosive attack 
on the cast alloys occurred at the marine 


basis steel, test procedures, abnormal 
weather for certain years, season of year 
for the initial exposure, and physical 
changes in the vicinity of the site that 
may influence the corrosiveness of the 
atmosphere over the years. It is sus- 
pected (3) that eventual corrosion is 


TABLE VII.—CORROSION OF UNALLOYED ROLLED STEEL EXPOSED 1 YR. 


Average Weight Loss, g 
LaQue (3 
Attack Site Present bad Larrabee and 
4 by obs 
y ‘oxima in 
\4-in. Plates Plates" tes 
Kure Beach, N. C., 80-ft site 37.7 70.5 211.5 90.2 
Daytona Beach, Fla. (marine) ae 20.4 61.2 48.5 
Point Reyes, Calif. 30.5 a 12.2 
Frodingham, British Isles 14.8 44.4 
New York, N. Y.; fall installation 40.5 
Newark, N. J. 21.9 vibe 
New York, N. Y.; spring instal- wae 21.1 
lation 
Kure Beach, N. C., 800-ft site 5.8 7.4 13.3 
Kearny, N. J. bie 7.8 23.4 20.4 
East Chicago, Ind. 18.4 
State College, Pa. 12.1 3.8 11.4 6.8 
South Bend, Pa. =e 10.5 
Middletown, Ohio 8.4 
Vancouver (Esquimalt), B. C. 3.3 


locations. For the steels, on the other 
hand, the marine locations were the most 
severe, while the industrial sites were 
intermediate. For all materials exposed 
at marine sites, Kure Beach (80-ft site) 
was more harsh than Point Reyes. It had 
previously been discovered that en- 
vironmental conditions at the Kure 
Beach 80-ft site are more severe on un- 
alloyed steels than at all other sites 
studied (3,5,6). A comparison of the 
results of this investigation with the find- 
ings of others for mild steel is presented 
in Table VII. The ranking of sites falls in 
satisfactory order, although some dis- 
agreement exists in specific values for 
some of the sites. This could be attribut- 
able to differences in condition of the 


strongly affected by whether the weather 
is wet or dry at the time of the initial 
exposure. While a single 1-yr test should 
suffice to indicate relative corrosivity in 
rural and mild industrial locations, at 
least three successive yearly exposures 
have been suggested (6) before a reliable 
corrosivity index can be obtained for 
steel in severe industrial or marine at- 
mospheres. 

The bar graph of Fig. 7 illustrates the 
effect of environment on five specific ma- 
terials after 1 yr exposure. Malleable iron 
No. 35018-E and malleable iron contain- 
ing copper, No. 35018 + Cu, cast from 
the same heat as the 35018-E specimens, 
are compared with the three rolled steels 
which vary from no alloy to some 2 per 
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cent total alloy. From the bar graph the 
beneficial effect of copper in malleable 
iron in industrial atmospheres is quite 


surface offers some protective qualities to 
malleable iron in industrial atmospheres, 
regardless of whether alloyed with copper 


apparent. The advantage of low copper or not. 
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Fic. 7.—Effect of Environment on Five Materials After 1-yr Exposure. 


additions to mild steel is very noticeable, 
especially for service in marine environ- 
ments. While the steel alloyed with 
copper, chromium, and nickel provided 
better resistance to attack at all sites 
than did the low copper-bearing steel, it 
still was not as good as the copper-bearing 
malleable iron at any site, nor as good as 
the unalloyed malleable iron at rural and 
marine locations. The severe attack of 
marine atmospheres on mild steel is very 
marked in the bar graph. Also, there is 
evidence that the as-cast (unmachined) 


CONCLUSIONS 


Before summarizing the findings of this 
report, it would be well to emphasize that 
whatever conclusions are drawn must be 
based on only the one exposure period. It 
is quite possible that the degree of cor- 
rosive attack and the ranking of materials 
could be quite different for longer or 
shorter periods than one year. 

1. For all materials, corrosive attack 
at State College (rural) was consistently 
less than at industrial and marine sites. 
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2. For cast specimens, regardless of 
whether machined or unmachined, the at- 
mospheres at the two industrial sites 
proved to be more severely corrosive than 
at the rural or marine locations, East 
Chicago being worse than Newark. 

3. For rolled steel plate, the marine 
sites (Kure Beach in particular) caused 
greater loss in weight than was en- 
countered at the rural or industrial 
locations. 

4. At the industrial sites, the machined 
cast specimens lost markedly more 
weight than did their companion un- 
machined plates. The reverse was true, 
to a lesser degree, at the rural and marine 
locations. 

5. As a group, the rolled steel plates 
corroded significantly more than the cast 
plates collectively. 

6. Copper additions of about 0.25 per 
cent to steel and 0.5 per cent to malleable 
iron effectively retarded corrosive attack 
in atmospheres that would ordinarily 
cause high weight loss in the unalloyed 
metal. The more highly alloyed steel, 
containing approximately 0.5 per cent of 
both copper and nickel and 1 per cent 
chromium, proved to be more resistant 
to all environments than the mild steel 
and the copper-bearing steel; neverthe- 
less, in general, it was not as resistant to 
environmental corrosion as were the 
majority of unalloyed cast malleable and 
nodular irons. 
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Committee A-9 on Ferro-Alloys held 
one meeting during the year: on June 
27, 1960, during the Annual Meeting 
of the Society in Atlantic City, N. J. 

Consideration is currently being given 
by the committee to the preparation of 
new specifications for ferrocolumbium 
and silico manganese. 


ADOPTION OF TENTATIVES AS STANDARD 
WirtHovut REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 


Ferromolybdenum (A 132-59 T).! 


REAPPROVAL OF STANDARDS > 


The committee recommends the re- 
approval of the following standards 


* Sixty-fourth Annual Meeting of the So- 
ciety, June 25-30, 1961. 

11958 Book of ASTM Standards, Part 1. 

2 The letter ballot vote on these recommen- 
dations was favorable; the results of the vote 
are on record at ASTM Headquarters. 


REPORT OF COMMITTEE A-9 
ON 
a 
FERRO-ALLOYS* 


which have stood for more than six 
years without revision: 


Standard Specifications for: 
Spiegeleisen (A 98-50),! 
Ferrosilicon (A 100-50),! 
Ferrochromium (A 101-50) | 


Ferrovanadium (A 102-50),) 
Ferrotungsten (A 144-50),! 

Molybdenum Salts and Compounds (A 146-52),} 
Ferroboron (A 323-52),! and 

Ferrotitanium (A 324-52).! 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.” 


This report has been submitted to 
letter ballot of the committee, which 
consists of 25 members; 22 members 
; returned their ballots, of whom 21 have 
voted affirmatively and 0 negatively. 


vision: 
Tentative Specifications for: 
Ferromanganese (A 99-57 T),! and 7 


Respectfully submitted on behalf of 
the committee, 


S. W. Poote, 
Chairman. 
W. H. Mayo, 
Secretary. 


1 
A 
I 
\ 
I 
{ 
| 
i 
= 
182 


ao.) & wh at 


‘br 


REPORT OF COMMITTEE A-10 


IRON-CHROMIUM, IRON-CHROMIUM-NICKEL AND RELATED ALLOYS* 


Committee A-10 and most of its sub- 
committees held two meetings during 
1960: on June 27 and 28 during the 
Annual Meeting of the Society in At- 
lantic City, N. J., and on Jan. 31 and 
Feb. 1, 1961, during ASTM Committee 
Week in Cincinnati, Ohio. 

The committee has a total membership 
of 119, of whom 54 are classified as 
producers, 47 as consumers, and 18 as 
general interest members. 

Unanimous approval has been given 
to the proposal that Committee E-4 
on Metallography be informed that all 
grain-size requirements in Committee 
A-10 specifications will refer to Methods 
E 112-60T, and that the other older 
grain-size methods will be withdrawn. 

On the recommendation of Subcom- 
mittee IV, unanimous approval has 
been given to the publication of the 
report survey of architectural applica- 
tions of stainless steels as appended 
hereto.! 

New TENTATIVES 


The committee, jointly with Com- 
mittee A-1 on Steel, recommends for 
publication as tentative the following 
specifications which are appended to 
the Annual Report of Committee A-12 
New Tentative Specification for: 

Centrifugally Cast Austenitic Steel Pipe for 

High-Temperature Service, 


* Sixty-fourth Annual Meeting of the So- 
ciety, June 25-30, 1961. 

1 See p. 188. 

2 The new tentatives appear in the 1961 Book 
of ASTM Standards, Partl. 


Austenitic Centrifugally Cold-Wrought Pip 
for High-Temperature Service, and 

High-Strength, High-Temperature Bolting Ma- 
terials with Expansion Coefficients Com- 
parable to Austenitic Steels. 


In addition, the committee recom- 
mends for publication as tentative the 
following specifications as appended 
hereto: 

Hot-Cold Rolled Alloy Plate, Sheet and Strip 
for High Strength at Elevated Temperatures, 
and 

Hot-Cold Worked Alloy Bars for High Strength 
at Elevated Temperatures. 


New Tentative Specifications for: 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as_ tentative: 


Tentative Specification for Seamless 
and Welded Austenitic Stainless Steel 
Pipe (A312-60T)* (Jointly with 
Committee A-1 on Steel): 

Section 8(b).—After the words “chemi- 
cal analysis” add the phrase “except for 
spectrochemical analysis.” 


Tentative Specification for Corrosion- 
Resisting Chromium Steel Clad Plate, 
Sheet, and Strip (A 263 — 59 T):! 
Section 5(b).—Change the first sen- 

tence to read as follows: 


31960 Supplement to Book of ASTM Stand- 
ards, Part 1. 
41958 Book of ASTM Standards, Part 1. 
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The alloy cladding metal specified shall 
conform to the requirements as to chemical 
composition prescribed for the respective 
chromium steel in the Specification for Corrosion- 
Resisting Chromium and Chromium-Nickel 
Steel Plate, Sheet, and Strip for Fusion-Welded 
Unfired Pressure Vessels (ASTM Designation: 
A 240). 

Table I.—Delete this table, renum- 
bering the subsequent tables accordingly. 


Tentative Specification for Corrosion- 
Resisting Chromium-Nickel Steel Clad 

Plate, Sheet, and Strip (A264- 
Section 5(b).—Make the same change 
as indicated above in Section 5(b) of 
Specification A 263. 

Table I.—Delete this table, renum- 
bering subsequent tables accordingly. 


Tentative Specification for Corrosion- 
Resistant Iron-Chromium and Iron- 
Chromium-Nickel Alloy Castings for 
General Application (A 296-60 


Table I.—List new grade CN-7M 
with the heat treatment requirement 
to be as agreed upon between the manu- 
facturer and the purchaser. 

Table II.—Add a new grade CN-7M 
with the following chemical require- 
ments: 


Carbon, per cent............. 0.07 max 
Manganese, max, per cent... .. 1.50 
Silicon, max, per cent......... 1.50 
Sulfur, max, per cent......... 0.040 
Phosphorus, max, per cent.... . 0.040 
Chromium, per cent.......... 19.0 to 22.0 
Nickel, per cent.............. 27.5 to 30.5 
Molybdenum, per cent........ 2.0to 3.0 
Copper, per cent............. 3.0to 4.0 


Table IIT.—Add a new grade CN-7M 
with the following tensile requirements: 


Tensile strength, min, psi............. 62 500 
Elongation in 2 in., min, per cent...... 35 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


_ The committee, jointly with Com- 


ape 


48 Publication of the revision was withheld 
pending the approval by confirming letter 
ballot vote in the committee. 

5 1959 Supplement to Book of ASTM Stand- 
ards, Part 1. 


Report OF COMMITTEE A-10 


B 190. 


mittee A-1 on Steel, recommends for 
immediate adoption revisions as set 
forth in the Annual Report of Com- 
mittee A-1 of the following standards, 
and accordingly asks for the necessary 
nine-tenths affirmative vote at the 
Annual Meeting in order that the re- 
visions may be referred to letter ballot 
of the Society: 


Standard Specifications for: 

Seamless and Welded Ferritic Stainless Steel 
Tubing for General Service (A 268-60), 

Seamless and Welded Austenitic Stainless 
Steel Tubing for General Service (A 269 — 60), 

Seamless and Welded Austenitic Stainless Steel 
Sanitary Tubing (A 270 - 60), and 

Seamless Austenitic Chromium-Nickel Steel 
Still Tubes for Refinery Service (A 271 — 60). 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for six or more years 
without revision: 


Standard Specification for: 

Chromium-Nickel-Iron Castings (25-12 Class) 
for High-Temperature Service (A 447 — 50).* 

Standard Recommended Practice for: 

Conducting Plant Corrosion Tests (A 224 — 46). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 


Tentative Recommended Practice for: 


Boiling Nitric Acid Test for Corrosion-Resisting 
Steels (A 262-55 T), and 

Conducting Acidified Copper Sulfate Test for 
Intergranular Attack in Austenitic Stainless 
Steel (A 393 - 55 T). 


EDITORIAL CHANGE 


The committee recommends editorial 
change as follows in the Tentative 
Specification for Nickel and Nickel- 
Base Alloy Clad Steel Plate (A 265 - 
43 

® This standard was formerly designated 
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Section 5(b).—Change the first sen- 
tence to read as follows: 


The nickel or nickel-base alloy cladding 
metal specified shall conform to the require- 
ments as to chemical composition prescribed 
for the respective metal in the Specifications 
for Nickel Plate, Sheet, and Strip (ASTM 
Designation B 162); for Nickel-Copper Alloy 
Plate, Sheet, and Strip (ASTM Designation: 
B127); or for Nickel-Chromium-Iron Alloy 
Plate, Sheet, and Strip (ASTM Designation: 
B 168). 


Table I.—Delete this table and re- 
number the subsequent tables accord- 


ingly. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which 
will be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II, Editorial (A. G. 
Cook, chairman) has been particularly 
active in making effective the editorial 
surveillance of all Committee A-10 
specifications as they come up for com- 
mittee action. This has resulted in a 
noticeable improvement in these recom- 
mendations. The subcommittee has 
formulated this editorial policy in its 
“Editorial Procedure and Form” which 
has been submitted for formal approval 
by Committee A-10. 

Subcommittee IV on Methods of Cor- 
rosion Testing (O. B. Ellis, chairman) 
has recommended that Recommended 
Practices A 262, A393, and A 224 be 
continued without change 

The task group investigating methods 
for intergranular corrosion tests reported 
that agreement between laboratories 
had been obtained on the ferric sulfate - 
sulfuric acid tests. Work will now be 
initiated on heat-treated steels by the 
five or more participating laboratories. 


7 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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A further report on the progress of this 
work should be ready by the June, 1961, 
meeting. 

A task group has inspected stainless 
steel architectural installations including 
monumental and industrial buildings in 
Philadelphia, New York, Chicago, Pitts- 
burgh, Dravosburg (Pa.), Cleveland, 
Miami Beach, and Indian River (Fla). 
The report of this task group is ap- 
pended.! 

The atmospheric exposure of stain- 
less steel sheet, bar, and wire specimens 
was started three years ago. The first 
removals will be made during the coming 
summer and the specimens will be re- 
turned to the supplying companies for 
test. 

Sheet specimens representative of 
several chromium, chromium-nickel, and 
chromium - nickel - manganese stainless 
steels were exposed at Newark and 
Pittsburgh in 1953. These sheets will 
be inspected in April, 1961, after an 
exposure of eight years. 

Subcommitiee V on Mechanical Tests 
(R. H. Heyer, chairman) currently has 
a task group engaged in the study of 
tension testing on thin sheets, many 
specimens of which have been distributed 
for interlaboratory tests. 

The task group on hardness con- 
versions has made its initial report. It 
has been decided to extend the scope of 
activities of this group to additional 
hardness conversions on other products. 

Subcommitiee VIII on Specifications 
for Wrought Products (R. B. Gunia, 
chairman) has prepared a_ proposed 
specification for stainless steel forgings 
and submitted it for approval. In ad- 
dition, a task group is studying supple- 
mentary nuclear requirements for this 
specification. 

The task group working on stainless 
steel wire specifications has decided to 
cover such end uses as cold-heading, 
weaving, and wire rope. The group 
also recommends the addition of stain- 
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less grades to the spring-wire specifi- 
cation (A 313). 

The subcommittee has entered into 
cooperative effort with the Industrial 
Fastener Inst. in the preparation of 
specifications for stainless materials 
in this field. 

The American Standards Assn. has 
requested consideration of the addition 
of certain stainless grades to Specifi- 
cation A 276. The objective is to provide 
industry specifications that can be 
adopted by Federal agencies. A task 
group will be appointed to accomplish 
this objective on as broad a basis as 
possible. 

In answer to a query from The Ameri- 
can Society of Mechanical Engineers, 
the subcommittee has stated that the 
materials specified in Specification A 276 
are similar to those in Specification 
A240, and hence, the materials in 
A276 having counterparts in A 240 
should be acceptable for code construc- 
tion. 

Subcommittee IX on Specifications for 
Flat Products (G. W. Hinkle, chairman) 
has recommended the modification of 
the mechanical properties of types 201 
and 202 stainless steel in Specification 
A412 and has prepared new General 
Requirement Specifications for Flat 
Products. Additionally, modification of 
the chemical ranges have been made 
in Specifications A 263, A 264, and 
A 265. Also, as the result of recom- 
mendations from Subcommittee XIII, 


nuclear supplementary requirements 
are to be added to Specifications 
A 240. 


Subcommittee X on Specifications for 
Castings (H. C. Templeton, chairman) 
has taken over the membership and 
activities of Subcommittee IL on 
Wrought and Cast Alloys for Structural 
Use at High Temperatures of Committee 
B-4 on Electrical Heating and Re- 
sistance Alloys, including supervision 
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of Specifications B 190 and B 297, 
which it recommends be changed to 
“A” designations. The subcommittee 
has added a new grade CN-7M to 
Specification A 296. In addition, co- 
operating with Subcommittee IX on 
Steel Tubing and Pipe of Committee 
A-1, two new specifications have been 
written to cover austenitic centrifugally 
cast cold-wrought pipe and centrifugally 
cast austenitic steel pipe, both for high- 
temperature service, as noted earlier 
in this report. 

Subcommittee XI on Specifications for 
Tubular Products (J. J. B. Rutherford, 
chairman) has, in collaboration with 
Committee A-1, recommended changes 
in a number of the tubing specifications 
under A-1 and A-10 jurisdiction, for 
the most part for the purpose of clari- 
fying these specifications with respect 
to newer methods of manufacture. The 
subcommittee has also been studying 
the tensile properties of types 304L and 
316L with particular respect to boiler 
code applications; it has a task group 
working on the preferred silicon content 
for welding; and is also studying out-of- 
roundness considerations in tubular 
products. 

Subcommitiee XII on Specifications 
for High-Temperature Super-Strength Al- 
loys (W. F. Simmons, chairman) has 
completed the work on specifications 
covering materials in three categories of 
super-strength alloys: hot-cold worked 
alloys, precipitation-hardened alloys, 
and cast alloys. Two new specifications 
for hot-cold worked alloys are appended 
to the report. 

In joint effort with Subcommittee 
XXII of Committee A-1, a specification 
for high-strength bolting material has 
been prepared as noted earlier in this 
report. 

During the year a revision has been 
made of ASTM STP 170A, Compila- 
tion of Chemical Compositions and 
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Rupture Strengths of Super-Strength 
Alloys. This publication, available as 
STP 170B, now embraces 163 domestic 
and 114 foreign alloys. 

Subcommittee XIII on Specifications 
for Nuclear Reactor Structural Ma- 
terials (M. A. Cordovi, chairman) has 
prepared nuclear requirements stipu- 
lations to be used as supplementary 
requirement additions to some of the 
existing Committee A-10 specifications. 
These have been turned over to the 
appropriate product committees; one 
such recommendation is to be included in 


em 


4 On Iron-Curomium, IRon-CHROMIUM-NICKEL AND RELATED ALLoys 187 


EpItorRIAL 


the current Subcommittee IX revision 
of Specification A 240. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 119 members; 72 members 
returned their ballots, of whom 69 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
L. L. WyMAN, 
Chairman. 


G. R. WoopRow 
Secretary. 


On August 3, 1961, the Administrative Committee on Standards, acting for the Society, 1 
accepted the following recommendations submitted by Committee A-10: 


Revision of Tentative Specification for: 


Corrosion-Resisting Chromium and Chromium-Nickel Steel Plate, Sheet, and Strip for ‘ 
Fusion-Welded Unfired Pressure Vessels (A 240 - 58 T). ; 


Revision and Reversion to Tentative of Standard Specifications for: orf 
Corrosion-Resisting Chromium Nickel Steel Plate, Sheet, and Strip (A 167 - 58), and 14 


fics Corrosion- -Resisting Chromium Steel Plate, Sheet, and Strip (A 176 - 54). ; 
7 y The revised tentative specifications appear in the 1961 Book of ASTM Standards, Part 1. if 
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_ REPORT ON INSPECTION OF CORROSION-RESISTANT STEELS IN 
ARCHITECTURAL AND STRUCTURAL 
APPLICATIONS 


The inspection committee was of the 
unanimous opinion that the inspection 
should reflect the use of stainless steel in 
industrial buildings as well as in monu- 
mental buildings and commercial, office, 
or retail establishments. The committee 
also thought that it would be desirable 
to inspect buildings using AISI types 202 
and 316 stainless steel, the latter near the 
sea coast. Neither of the two types had 
been included in the previous inspec- 
tions.! To accomplish these objectives, 
inspections were made in several locali- 
ties that were not covered by previous 
committees, namely, Chicago, Ill., Cleve- 
land, Ohio, and Miami and Indian River, 
Fla. 

The inspections were conducted be- 
tween October 20 and 28, 1960. Some 
deletion of structures inspected by previ- 
ous committees was necessary, the prin- 
cipal deletions being the stainless steel 
used on the various boardwalk sites in 
Atlantic City. However it was felt that 
inspections of stainless steels in Miami 
Beach would be acceptable substitutes 
for the Atlantic City sites. 

A summary of the observations fol- 
lows: 

Pennsylvania Building, 1500 Chestnut St., 

Philadelphia, Pa. 

This building incorporates a considerable 

1 Proceedings, Am. Soc. Testing Mats., Vol. 
39, p. 197 (1939); Vol. 40, p. 118 (1940); Vol. 
46, p. 593 (1946); Vol. 48, p. 137 (1948); Vol. 
49, p. 138 (1949); and Vol. 55, p. 160 (1955). 


amount of type 302 No. 4 finish stainless 
steel on the window sections and the en- 
trances. Erection was completed in 1949, 
The metal around the entrances is wiped 
nightly and the metal around the windows 
is cleaned frequently. The metal showed no 
signs of deterioration. ‘There was a small 
accumulation of dirt on the outside window 
ledges which could be easily removed and 
under which there was no trace of rusting. 


Philadelphia Savings Fund Society Building, 
Philadelphia, Pa. 


This building was erected in 1932. A 
considerable amount of stainless steel was 
used in various parts of the building. The 
committee was of the opinion that this 
building was in the same condition as 
described by the 1954 inspection group. 

The chromium stainless steel (probably 
type 430) used on the interior of the windows 
of the sun room on the 53rd floor and the 
small amount of type 302 used on the 
exterior of some of the windows remained 
bright and showed no sign of pitting or 
corrosion. The type 302 sinks, work surfaces, 
steam table tops, etc. which are in the 
kitchen of the executive dining room, 53rd 
floor, retain the expected bright and shiny 
surfaces. The type 302 stainless, mainly No. 4 
finish used in the interior of the building for 
railings, escalators, column covers, etc., 
was in excellent condition. 

The exterior facings of the vaults are 
made of a No. 4 finish chromium stainless 
steel which the management thought was 
type 410. This area is wiped every three 
months with a light lemon oil to prevent 
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finger spotting. There were no indications 
of any pitting or corrosion. 

The No. 4 finish type 302, used around the 
entrance, was in excellent condition and 
showed no signs of deterioration. These 
entrances are wiped daily with a cloth 
dampened with ammonia water and cleaned 
about once a month with whiting. 

The ceiling of the subway entrance 
leading from the sidewalk into the building 
basement is made of type 302 stainless. 
There was a very heavy accumulation of 
dirt on this surface and from the appearance 
of the metal it is doubtful if it has ever 
been cleaned. There was some light staining 
and discoloration as noted in the previous 
inspection (1954) but it was the consensus 
that it had not worsened since the previous 
inspection. 


Chrysler Building, New York, N. Y. 


The stainless on this building showed no 
change from the previous inspection. The 
exterior first three floors incorporate the 
use of No. 4 finish type 302 stainless steel 
which is in good condition with no evidence 
of corrosive attack. It is cleaned twice 
yearly. 

The surfaces of the type 302 sheet used on 
the tower, erected in 1929-1930, were ex- 
amined through windows on the 71st floor. 
The surface was covered with a black 
deposit, but there was no evidence of any 
rusting underneath. There was a _ small 
amount of superficial red deposit on the 
window silis, which was thought to be 
caused by chlorides. 

At the 6ist floor level, the type 302 
stainless steel on the base of the tower and 
the gargoyles were still in the same condi- 
tion as in the previous inspection. The 
surfaces of the tower were covered with dirt 
but under the dirt there were practically no 
indications of pitting. The gargoyles had 
much less dirt adhering to their surfaces 
than the tower surfaces, presumably be- 
cause they were in the open and were sub- 
ject to better cleaning by the weather. There 
was no evidence of pitting on the surfaces 
of the gargoyles. 

The ornamental figures on the 31st floor 
level were similar to the gargoyles on the 
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61st floor; they were bright and showed no 
sign of pitting. In the 1954 inspection, some 
light rust spots had been found on the 
coping which were apparently caused by 
the splashing of some foreign material. 
As was assumed in the former report, these 
spots had disappeared with normal weather- 
ing and the pitting was almost indiscernible. 


Empire State Building, New York, N. Y. 


This building was erected in 1931 and 
made use of large amounts of type 302 
stainless steel on the exterior. The pilasters 
on the tower were examined from the 89th 
floor level; these had never been cleaned 
and there was no trace of corrosion on the 
south and west sides and only faint traces 
of pits on the east and north sides. The 
surfaces, in general, seemed to have retained 
their original mill finish. On the 85th floor 
observation level, the railing which was 
type 302 and added in 1949 showed no 
evidence of corrosion. Where the railing 
was easily accessible to visitors, it was 
bright and shiny. In less accessible places 
there was a light film of dirt on the surface 
but no pitting or corrosion under the dirt. 

The type 302 No. 6 finish mullions were 
examined on all sides of the building on the 
sixth-floor level. There was a dark adherent 
dirt on the surface of the mullions that was 
more prevalent at sheltered parts of the 
building. Underneath this dirt there were 
a few light shallow pits which did not give 
any evidence of having worsened since the 
last inspection in 1954. 

From all indications, there has been 
practically no deterioration of the stainless 
steel since its erection 29 years ago. From a 
distance, in spite of adhering dirt, the 
stainless steel shines brightly, particularly 
on sunny days. 


Socony Mobil Building, New York, N. Y. 


This building was erected in 1955 and 
with the exception of the glass area of the 
windows is completely surfaced with type 
302 stainless steel panels, 0.038 in. thick. 
These panels contain a press-formed trihedral 
pattern to prevent waviness and to break 
up reflections. Considerable stainless steel 
is also used in the lobby and elevators. 
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The stainless steels around the elevators 
and on the control panels are lacquered to 
reduce finger spotting. These are cleaned 
nightly and show no evidence of any corro- 
sion or pitting. The stainless steel at other 
locations in the lobby is not lacquered. It 
is cleaned nightly and appears to be in 
perfect condition. 

The first four floors of the exterior, up 
to an offset, are cleaned twice a year by a 
cleaning contractor. Columns on the 42nd 
floor are cleaned by the building employees 
once a year. The rest of the building has 
not been cleaned since 1956. 

The exterior was examined at the fourth- 
floor level. From a distance of about 15 ft, 
no evidence of discoloration could be noticed. 
Closer inspection revealed small amounts of 
discoloration on some panels. This dis- 
coloration was more noticeable at certain 
locations and was thought to be associated 
with rainfall and wind currents. The most 
discoloration was encountered on the east 
side near the south corner, but even here it 
was quite light. It will probably not become 
worse with time. The window frames on all 
sides were in excellent condition and showed 
no signs of rusting, pitting, or discoloration. 
A few panels showed evidence of incomplete 
removal of the cleaning compound used to 
clean the building after erection, but these 
areas did not seem to be adversely affected. 
The railing around the 4th floor level is 
made of type 302 stainless steel and is 
cleaned about every three months with 
pumice and whiting. It was in perfect 
condition. 

The columns on the 42nd floor level were 
in perfect condition except for three columns 
which contained some light tarnishing on 
their eastern sides. 

As a whole this building is in excellent 
condition and from a distance sparkles 
brightly in the sunshine. 

! 
Inland Steel Building, Chicago, Ill. 


4 
This nineteen story building was built 
in 1958. There are no interior columns in the 
main building. The outer surface is composed 
of about 70 per cent glass and 30 per cent 
type 202 stainless steel. A service tower, 
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completely enclosed with type 202 stainless 
steel, houses the elevators and other service 
equipment. 

The stainless steel on the main building 
exterior is cleaned about once monthly by 
automatic window washing equipment. The 
stainless in this area is perfect. The connec- 
tion between the main building and the 
tower and most of the tower are cleaned 
yearly with a proprietary cleaner. The 
yearly cleaning had been done about one 
month prior to the inspection. These areas 
were in very good condition and close 
inspection failed to show any indications of 
pitting or corrosion. One side of the tower 
faced an alley and had never been cleaned. 
There was a very heavy accumulation 
of dirt and oily smudge. This area, par- 
ticularly near the ground level, is used 
extensively for testing new types of cleaners. 
There were no pits or corrosion products 
under this dirt. 


Other Stainless Steel Uses in Chicago, Ill. 


Stainless steel used for display windows 
and entrances for several stores were ex- 
amined. Some were magnetic and presumed 
to be type 430 stainless steel and others were 
non-magnetic and thought to be type 302. 
The appearance of the stainless steel was 
directly related to cleaning. Where cleaning 
was frequent the stainless steel was in 
excellent condition. Where cleaning was 
very infrequent, slight pits and superficial 
rusting could be found. This rusting and 
pitting was thought to be caused by salt 
used to melt the snow on the streets. In 
no case was the pitting or rusting so bad 
that cleaning would not restore the original 
attractive surface to the stainless steel. 


525 William Penn Place Building, Pitts- 
burgh, Pa. 


The spandrel panels and windows of this 
building, which was erected in 1950-1951, 
are fabricated of type 302 stainless steel. 
The patterned spandrels were stamped from 
No. 2B finish sheet and the windows were 
formed from No. 2B finish sheet or No. 2 
finish strip. The interior of the building 
contains large amounts of No. 4 finish 
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sheet, some type 430 and some type 302. 
The exterior was last cleaned in 1958. 

The type 302 cap flashing on the roof, 
4ist floor level, was in excellent condition. 
There was no sign of rust or pits and there 
was very little dirt on the metal. On the 17th 
floor level the building was inspected out of 
open windows. The west and south sides 
were almost free of dirt accumulation on 
the spandrel members. On the north and 
east sides some small amount of dirt had 
accumulated on the spandrels. There was 
no indication of rust spots or pitting on the 
spandrels. Small amounts of dirt had ac- 
cumulated on the window sills under the 
bottom sash. 

At the 9th floor level the spandrel 
members showed no rust spots but traces 
of light pits were found under the light 
dirt which had collected on the spandrels. 
Large amounts of dirt had collected on the 
window sills, under which there were traces 
of rusting and a few small pits. A sample 
of the dirt at one of these windows was 
taken and later analysis revealed that it 
contained 0.81 per cent chlorides. 

The elevators, outside entrances, and the 
lower eight feet of the paneled lobby are 
cleaned weekly. The rest of the lobby is 
cleaned yearly with a proprietary cleaner. 
The metal showed no signs of deterioration 
in this location and was in perfect condition. 


Gateway Buildings, Pittsburgh, Pa. 


Buildings Nos. 2 and 3 were completed 
in 1952 and building No. 1 was completed 
in 1953. The entire exterior surfaces are of 
type 430, No. 2 dull finish cold rolled sheet 
or strip steel. About two months prior to 
this inspection, these buildings had been 
cleaned for the first time since just after 
erection. Inspection of the sides was possible 
only from the roof and from the ledge at 
the second floor. From close inspection at 
both of these locations on building No. 2 
not one sign of rust or pitting could be 
detected. There was practically no accumula- 
tion of dirt on the surface. The metal on 
these buildings had the appearance of having 
been “just made.” 

The entrances and doorways were also 
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clean and showed no traces of rust or dis- 


coloration. The store fronts and street level 
facia were also in very good condition. 


Main Boiler House, Irvin Works of U.S. 
Steel Co., Dravosburg, Pa. 


This building, erected in 1938, is approxi- 
mately 150 by 70 ft, and 60 ft high to the 
eaves. The roof and sides, both inside and 
outside, are covered with corrugated stain- 
less steel sheets varying in gage from 18 to 
29. Between the inside and outside sheets is 
a } in. thick insulation. There are a few 
type 430 sheets in the building but most of 
the sheets are austenitic stainless steel of 
various compositions and finishes. The 
building has never been cleaned and is en- 
tirely covered with dirt and grime to the 
extent that there is little metallic luster to 
the sides. 

Examination of the surface after removing 
the dirt from several spots on the outside of 
the building revealed some very shallow pits 
in sheltered areas but no attack on the 
boldly exposed metal. At one location 
inside the building there were some rust 
spots, which were believed to have been 
caused by some salt which had been stored 
there, but had since been moved else- 
where. In the rest of the interior the 
stainless steel sheets showed no signs of 
corrosion. 

The corrugated sides were fastened to the 
steel structure with cadmium-plated steel 
screws, lead washers adjacent to the sheet, | 
and galvanized steel washers between the 
lead washers and the head of the screw. 
Most of these have corroded to the extent 
that they have been replaced and the re- 
placements are stainless steel. It was inter- 
esting to note that the stainless steel panels 
for about 1 in. around the remaining galva- 
nized bolts and washers had collected very 
little dirt. 


National City Bank Building, Chester and E. 
40th St., Cleveland, Ohio 


This building was completed in 1954 and 
makes use of a considerable amount of 
type 302, No. 2B finish, around the windows 
and entrances. The vaults were made of a 
magnetic stainless thought to be type 410. 

The stainless steel on the inside of the 
building is kept clean and is in excellent 


| 
| 
| i 
> 
4 


condition. The outside of the building has 
not been cleaned since the superficial clean- 
ing shortly after erection. Some dirt has 
accumulated around the windows and there 
are several places where dirt streaks have 
been caused by drain water. Finger marks 
are noticeable around the doorways. There 
is no rusting, pitting, or any evidence of 
corrosion. Cleaning would restore all the 
natural beauty of the metal. 


Manufacturing Plant Building of E. F. 
Hauserman Co., Cleveland, Ohio 


The sides of this plant are made of in- 
sulated panels made from draw bench 
sections. They are bolted to a steel frame- 
work so that they may be easily moved 
when alterations are necessary. Additions 
have been made several times and the 
panels have been relocated and additional 
panels added; some original panels, stored 
until needed, were used. This plant is 
located in the Cleveland flats in a heavy 
industrial atmosphere. The original building 
was erected in 1950 using type 301 panels. 
Later, additions were made using some type 
430 panels. 

Around some of the entrances there were 
some superficial rust spots and the Hauser- 
man personnel recognize that this is due to 
the salt used in the winter months around 
the entrances. Otherwise, this building which 
has never been cleaned shows no sign of 
corrosion. The type 430 panels are slightly 
darker than the type 301 panels but both 
seem to have an indefinite life in this 
building. 


Mechanical Shop Building of Cuyahoga 
Works, American Steel and Wire Division, 
U. S. Steel Co., Cleveland, Ohio 


This building was erected in 1954 and 
the sides are made of corrugated type 430 
stainless steel. It is located in a very dirty 
industrial atmosphere and has never been 
cleaned. With the exception of very heavy 
dirt deposits, the general appearance is 
quite satisfactory. Close inspection did re- 
veal some superficial rust with very fine pits 
underneath. The gable end of the building 
exhibited a slight trace of a peculiar stained 
condition. We were informed that this had 
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been much more noticeable shortly after 
erection and was thought to have been 
caused by iron pick-up from the corrugating 
rolls. 


Miami Beach Federal Savings and Loan 
Assn., Miami Beach, Fla. 


This building, erected in 1956, incorpo- 
rates type 316 No. 4 finish stainless steel 
trim around enameled steel panels. The 
window frames are also made of No. 4 finish 
type 316 stainless steel. The building is 
located about 1300 ft west of the beach. 
The carbon steel screws used to hold the 
panels rusted badly and were all replaced 
with type 316 stainless steel screws when the 
building was last cleaned in March, 1958. 

Some very light staining was noticeable 
on the east and north sides of the building 
when inspected from a distance of less than 
five feet, particularly around window screws 
in sheltered areas. The south side of the 
building, which is subject to more washing 
by the rain showed practically no staining 
except on the underside of the top of the 
window frames where there were a few spots 
around screws. From the sidewalk, the 
building appeared in perfect condition. 

The bank entrance, which is cleaned 
weekly, appeared to be in perfect condition 
and showed no sign of staining or pitting. 


Other Stainless Applications in Miami Beach, 
Fla. 


Flamingo T heatre.—Located about 1200 ft 
from the ocean. The entrances and sign 
boards, erected in 1946, are made of type 
302 stainless steel, No. 4 finish. They are 
obviously cleaned regularly and are in 
perfect condition. 

Carib Theatre——Erected about 1950 and 
located about 1000 ft from the ocean. The 
entrance, billboards and marquee are 
trimmed with No. 4 finish type 302 stainless 
steel. They are cleaned regularly and are in 
perfect condition. Mullions on the face of 
the building above the marquee show con- 
siderable brown stain and the management 
stated that they never clean them but that 
the staining does not seem to be worsening. 

Lee’s Health Bar.—Located about 600 ft 
from the ocean. A sign over the marquee is 
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constructed of stainless steel. It shows con- 
siderable staining and seems to be in the 
same condition as described in a private 
company report, dated 1955. The present 
manager reported that he had been operating 
the business for the past three years and the 
sign had not been cleaned in that time and 
he doubted if it had ever been cleaned. 
Neon Reflector Signs at Hotels Along 
Collins Road.—This street is located about 
600 ft from the ocean and many hotels use 
stainless steel for reflectors of neon signs; 
staining was very apparent. The manage- 
ment of one hotel, Sagamore Hotel, 1675 
Collins Road, stated that the sign was 11 
years old and had never been cleaned be- 
cause, in spite of the staining, the reflector 
continued to do a satisfactory job. 


Indian River Power House of Orlando Power 
Commission, Indian River, Fla. 


This building is constructed of type 302, 
No. 2B finish, corrugated stainless steel 
panels. All of the stainless was erected in 
1959. The plant is located about 800 ft from 
the brackish Indian River, beyond which is 
the more brackish Banana River, and then 
the ocean. The panels had been cleaned a 
few at a time starting in February, 1959, 
and finishing in the spring of 1960. Panels 
known to have been cleaned in February, 
1959 had the same appearance as panels 
cleaned in 1960. At distances of over 25 ft, 
no discoloration could be seen but upon close 
inspection, there was considerable staining 
typical of chloride atmospheres. This con- 
dition will probably not become any worse. 
Considerable oily dirt had accumulated on 
parts of the building and probably came 
from the chimney. This dirt will probably be 
a greater cause for detracting from the 
appearance of the building than the chloride 
stains, but even this will probably not be 
noticeable from the public highway, about 
300 ft away. 


CONCLUSIONS 


1. Stainless steel, in architectural 
applications, retains its metallic luster 
and appearance beneath urban dirt and 
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grime. With even limited cleaning there 
is no deterioration of the metal. 

2. In industrial buildings, where ap- 
pearance is not a big factor, stainless 
steel has practically an indefinite life, 
even without cleaning. Some shallow 
pits and light rust stains may be ex- 
pected when chlorides are present but the 
appearance of the building will be 
governed mainly by adhering dirt. 

3. Even after long periods of neglect or 
abuse, stainless steel can be returned to 
a pleasing appearance by cleaning. Some 
slight pitting may then be discernible 
upon close inspection, the amount de- 
pending on the chlorides in the atmos- 
phere and the type of stainless steel. 

4. The use of cleaners containing 
chlorides should be discouraged. In- 
complete removal of such cleaners will 
cause pitting and unsightly rusting and 
complete removal from crevices is most 
difficult. 

5. Applications of stainless steel in 
structures not subject to periodic clean- 
ing should, as near as possible, be de- 
signed so as not to include crevices which 
may collect dirt. This dirt may hold 
some chlorides which can lead to super- 
ficial pitting. 

6. In environments containing chlo- 
rides, stainless steels seem to develop a 
limited number of rust spots on boldly 
exposed areas beyond which no further 
deterioration in appearance proceeds. 
The amount of rusting depends on the 
environment and the type of stainless 
steel. Type 316 stainless steel is the pre- 
ferred grade for seacoast applications. 
The apparent cessation of rusting is 
thought to be associated with the clean- 
ing action of the elements, the maximum 
being reached when the elements re- 
move the chlorides at the same rate at 
which they are deposited. 

7. The stainless steels are entirely 


adequate for architectural applications. 
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The selection of the type of stainless 
should be governed by the environment, 
the desired maintenance of appearance, 
and the planned cleaning program. 


The following were members of the 
group: R. Doughton, Cc. 
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Hamstead, C. P. Larrabee, J. H. Mc- 
Connell, J. S. Pettibone, W. G. Renshaw, 
and G. M. Reigel. 


Respectfully submitted on behalf of 
the task group, 
C. R. Mayne, 
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ON 
WIRES FOR ELECTRICAL CONDUCTORS* eat 


Committee B-1 on Wires for Electri- 
cal Conductors held three meetings dur- 
ing the year: in Washington, D. C., on 
October 25, 1960; in Philadelphia, Pa., 
on January 24, 1961; and in Richmond, 
Va., on March 28, 1961. Meetings of 
Subcommittees IT, IV, VI, and VII also 
were held during the year. 

The committee notes with regret the 
retirement during the year of the follow- 
ing long-time members who have con- 
tributed much to the committee’s work: 
D. R. Brobst, C. H. Jensen, W. F. 
Markley, H. H. Rodee, E. G. Sturde- 
vant, and L. H. Winkler. During the 
year, C. E. Ambelang resigned as chair- 
man of Subcommittee VI due to im- 
pending retirement, and R. E. Koontz 
was appointed to this office. 


The committee consists of 84 members, 
of whom 44 are classified as producers, 
26 as consumers, and 14 as general 
interest members. 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Tentative Method of Test for Electrical 
Conductivity by Use of Eddy Cur- 
rents (B 342 — 60 T):! 
Appendix.—Delete the second and 


* Sixty-fourth Annual Meeting of the So- 
ciety, June 25-30, 1961. 

11960 Supplement to Book of ASTM Stand- 
ards, Part 3. 
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third sentences in the present Appendix, 
and replace them with the following 
three sentences: 


The eddy-current method measures the aver- 
age resistance to the flow of eddy currents, with- 
in the volume of metal in which there is sensi- 
ble induction of eddy currents, in planes parallel 
to and near to the surface. The thickness of this 
volume, which for some instruments ranges from 
0.040 to 0.120in., varies with the resistivity. The 
paths of the eddy currents are circular and have 
components only in planes parallel to the test 
surface, and not in a direction perpendicular to 
this surface. 


Tentative Definitions of Terms Relat- 
ing to Uninsulated Metallic Electrical 
Conductors (B 354 — 60 T):? 


New Definitions—Add the following 
ten new definitions in alphabetical order: 


Annealed Wire.—See Soft Wire. 

Bare Conductor.—A conductor having no 
nonmetallic covering. 

Circular Mil.—A unit of area equal to 1/4 
(0.7854. ...) of a square mil. The cross-sec- 
tional area of a circle in circular mils is there- 
fore equal to the square of its diameter in mils. 
A circular inch is equal to one million circular 
mils. 

Conductor Core.—The center strand cr mem- 
ber about which one or more layers of wires 
or members are laid helically to form a con- 
centric-lay or rope-lay conductor. 

Member.—A group of wires stranded together 
for combination with other stranded groups 
into a multiple-membered conductor. 

Soft Wire.—Wire that has been drawn or rolled 
to final size and then heated to remove the 
effects of cold working. 


2 1960 Supplement to Book of ASTM Stand- 
ards, Part 2. 
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Stranded Conductor.- -A conductor composed 
of a group of wires, usually twisted, or of any 
combination of such groups of wires. 

Tinned Wire.—See Coated Wire. 

Volume Resistivity.—The resistance in ohms 
of a body of unit length and unit cross-sec- 
tional area. 

Neight Resistivity.—The resistance in ohms 
of a body of unit weight and unit length. 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society: 


Standard Method of Test for Resistivity 
of Electrical Conductor Materials 
(B 193 60):! 

Table II—Delete the group of data 
now headed aluminum alloy GS10B and 
replace with the following: 


3, | Temperature 
Material at of 


Aluminum alloy 6101, 
per cent IACS: 


2.70 0.00393 
_ 2.70 0.00377 
2.70 0.00363 


Standard Specifications for Rolled Alu- 
minum Rods (EC Grade) for Electrical 
Purposes (B 233 — 60): 


Section 4(c)—Change the present 
“12,000 psi” to read “11,000 psi.” 
Standard Specifications for Standard 

Nominal Diameters and Cross-Sec- 

tional Areas of Awg Sizes of Solid 

Round Wires Used as Electrical Con- 

ductors (B 258-57): 


Section 4——-Change to read as fol- 
lows: 


31958 Book of ASTM Standards, Part 2. 
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4. Standard nominal diameters of Awg sizes 
of solid round wires shall be calculated in ac- 
cordance with the conventional mathematical 
law of the American Wire Gage and in accord- 
ance with Section 3. 

For wire sizes 4/0 to 44 Awg, inclusive, nom- 
inal diameters shall be expressed in no more than 
four significant figures but in no case closer than 
the nearest 0.1 mil (0.0001 in.). 

For wire sizes 45 to 56 Awg, inclusive, nominal 
diameters shall be expressed to the nearest 0.01 
mil (0.00001 in.). 

The standard nominal diameters expressed in 
mils have been calculated in accordance with 
these rules and are given in Table I for con- 
venient reference (Note 2). 


Table I—Delete the present data for 
sizes 45 to 50 Awg, inclusive, and re- 
place with data for sizes 45 to 56 Awg, 
inclusive, as follows: 


Cross-Sectional Area 
Size, Awg | Diameter, 
— sq in. 
RO, 1.76 3.10 0.00000243 
Ey 1.57 2.46 0.00000194 
47.. 1.40 1.96 0.00000154 
48.. 1.24 1.54 0.00000121 
ee 1.11 1.23 0.000000968 
50. . 0.99 0.980 | 0.000000770 
ree 0.88 0.774 | 0.000000608 
0.78 0.608 | 0.000000478 
53 0.70 0.490 | 0.000000385 
54 0.62 0.384 | 0.000000302 
0.55 0.302 | 0.000000238 
0.49 0.240 | 0.000000189 


Explanatory Note—Change Note 2 to 
read as follows: 


Note 2.—Awg numbers appearing in columns 
1 and 5 of Table I are given only to facilitate 
conversion from Awg numbers to the wire size 
in mils. It is emphasized that this is not intended 
to be an endorsement of the use of Awg numbers 
to designate wire sizes. Wire diameters should 
be specified in mils as shown in Table I, columns 
2 and 6. 

Micrometer calipers calibrated to measure 
0.1 mil (0.0001 in.) should be considered satis- 
factory for measuring the diameters of 4/0 to 44 
Awg (0.4600 to 0.0020 in.) inclusive. 

For greater accuracy in obtaining the mean 
diameter of ultrafine wire sizes 45 to 56 Awg 
(0.00176 to 0.00049 in.) inclusive, the Method of 
Test for Diameter by Weighing of Fine Wire 
Used in Electronic Devices and Lamps (ASTM 
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Designation: F 205) should be considered satis- 
factory. 


Standard Specifications for Three-Quar- 
ter Hard Aluminum Wire for Electri- 
cal Purposes (B 262 —56):* 


Section 5(b)—Change to read as fol- 
lows: 


(b) When requested by the purchaser, tension 
tests of specimens containing joints made in the 
finished wire or during the final drawing, as per- 
mitted in Section 10(6), shall be made. Such 
tests shall show the tensile strength to be not less 
than 11,000 psi for electrical butt-welded joints, 
and not less than 15,000 psi for cold pressure- 
welded joints. 


Standard Specification for Half-Hard 
Aluminum Wire for Electrical Pur- 
poses (B 323 - 60)? 


Section 5(b)—Change to read as fol- 
lows: 


(6) When requested by the purchaser, tension 
tests of specimens containing joints made in the 
finished wire or during the final drawing, as per- 
mitted in Section 10(b), shall be made. Such 
tests shall show the tensile strength to be not 
less than 11,000 psi for electrical butt-welded 
joints, and not less than 13,000 psi for cold 
pressure-welded joints. 


STANDARDS CONTINUED 
WitnHovut REVISION 


The committee recommends the con- 
tinuation without revision of the fol- 
lowing standards: 


Standard Specifications for: 


Medium-Hard-Drawn Copper Wire (B 2-52), 

Bronze Trolley Wire (B 9-55), 

Copper Trolley Wire (B 47-55), 

Hot-Rolled Copper Rods for Electrical Purposes 
(B 49-52), 

Hard-Drawn Copper Alloy Wires for Electrical 
Conductors (B 105 - 55), 

Figure-9 Deep-Section Grooved and Figure-8 
Copper Trolley Wire for Industrial Haulage 
(B 116-55), 

Hard-Drawn Copper 
(B 227 - 57), 

Concentric-Lay-Stranded Copper Covered Steel 
Conductors (B 228 - 56), and 

Concentric-Lay-Stranded Copper and Copper 
Covered Steel Composite Conductors (B 229 - 
56). 


Covered Steel Wire 


EDITORIAL CHANGES 


The committee recommends editorial 
change as follows in the Standard 
Specifications for Hard-Drawn Alumi- 
num Wire for Electrical Purposes 
(B 230 60):? 

Explanatory Note-——Change the second 
paragraph of Note 2 to read as follows: 


The maximum volume resistivity of alu- 
minum conductor has been prescribed in Section 
7 and this is equivalent to a minimum conduc- 
tivity of 61.0 per cent of that of the International 
Annealed Copper Standard (IACS). The cor- 
responding maximum weight resistivity values 
for aluminum are 0.076397 ohm-gram/meter? 
and 436.24 ohm-lb/mile?. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Editorial and 
Records (A. A. Jones, chairman) con- 
tinued its editorial review of specifica- 
tions and coordinated the various sub- 
committee recommendations regarding 
revisions of specifications. 

Subcommitiee II on Methods of Test 
and Sampling Procedures (R. H. Lloyd, 
chairman) completed revisions of Speci- 
fications B 193 and B 342 as noted ear- 
lier in the report. A task group is re- 
considering suitable methods of test for 
determining softness of copper wire. 


Subcommiliee IV on Conductors of 
Copper and Copper Alloys (M. V. Yokel- 
son, chairman) completed revision of 
Specification B 258 as noted earlier in 
the report. 

Task groups are cooperating with the 
U. S. Army Signal Corps Engineering 
Laboratories in completing a long-time 
study of gray-tin transformation; re- 
viewing possible need for revision or 
expansion of tensile properties require- 

4 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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ments for alloy wires in Specification 
B 105; reviewing the possibility of estab- 
lishing solderability requirements for tin 
solder-coated copper wires; and review- 
ing the need for permitting unit joints in 
members of rope-lay copper conductors. 

Subcommittee VI on Composite Con- 
ductors (R. E. Koontz, chairman) has 
task groups working on the preparation 
of specifications for aluminum-clad steel 
both solid wire and strand and of specifi- 
cations for copper-covered steel wires for 
electronic applications. 

Subcommittee VII on Conductors of 
Light Metals (A. L. Kolb, chairman) 
completed the revisions of Specifications 
B 233, B 262, and B 323 as noted earlier 
in the report, and also completed a clari- 
fying editorial revision of Specification 
B 230. 

Task groups are reconsidering the in- 
spection requirements in the various 
aluminum rod and wire specifications; 
considering proposed additions and dele- 
tions of constructions in Specification 
B 232; investigating the effects of various 
in-process welds on finished steel core 
wire properties; reconsidering recom- 
mended package sizes particularly for 
composite steel-aluminum conductors in 
cooperation with the Aluminum Assn.; 
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and preparing drafts of new specifica- 
tions covering certain classes of alumi- 
num-alloy conductorsand also compacted 
strand conductors. 

Joint Task Groups—The joint task 
group considering the preparation of 
standard test report forms for bare 
electrical conductors was discharged be- 
cause of evident lack of interest. The 
joint task group on Glossary of Terms is 
considering additional definitions for 
future inclusion in Definitions B 354. It 
is proposed to establish a new joint task 
group on Industry-Military Specifica- 
tions to attempt to coordinate military 
and industry requirements for essentially 
the same product, with particular regard 
to inspection and acceptance. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 84 members; 57 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
thecommittee, 
D. 


 Chatrman. 

Secretary. 
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Committee B-2 on Non-Ferrous 
Metals and Alloys met on June 29, 1960, 
in Atlantic City, N. J. Meetings of the 
Advisory Committee were held on June 
29, 1960 in Atlantic City and on Jan. 6, 
1961, in New York City. 

The committee consists of 137 mem- 
bers, of whom 63 are classified as 
producers, 50 as consumers, and 24 as 
general interest members. 

A new subcommittee, designated Sub- 
committee X on Zirconium and Haf- 
nium, was formed. W. W. Stephens was 
appointed chairman and F. R. Lorenz, 
secretary. 

A. Y. Bethune replaced Sidney Rolle 
as chairman of Subcommittee II. George 
Hiers replaced G. H. Clamer as chair- 
man of Subcommittee III, and Robert 
Redelfs replaced D. W. Pettigrew as 
chairman of Subcommittee IV. R. R. 
Freeman was appointed secretary of 
Subcommittee VIII. 

The committee deeply regrets to report 
the deaths of Sidney Rolle on March 25 
and Ernest E. Thum on April 10. Mr. 
Rolle served the ASTM and Committee 
B-2 for many years with devotion and 
distinction. He was nominated this year 
by Committee B-2 for the ASTM 
Annual Award of Merit. Mr. Thum 
likewise was an outstanding member, 
having served as secretary of the Com- 
mittee from 1928 to 1939 and chairman 


* Sixty-fourth Annual Meeting of the So- 
ciety, June 25-30, 1961. 
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from 1939 to 1948. He has been since 
that time honorary vice-chairman. 

The secretariat of the ISO Committee 
26 on Copper was relinquished by the 
United States to Germany. The working 
group on raw copper remains under 
U. S. auspices. A Tentative Specification 
on Slab Zinc prepared by ISO TC/18 on 
zinc has been received. On the latter 
committee the U. S. has observer status. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1960 Annual Meet- 
ing, Committee B-2 presented to the 
Society through the Administrative 
Committee on Standards the recommen- 
dations listed below. The recommenda- 
tions were accepted by the adminis- 
trative committee on the dates indicated. 


New Tentative Specifications: 


Zirconium and Zirconium Alloy Forgings and 
Extrusions for Nuclear Applications (B 356- 
60 T) (Accepted Sept. 29, 1960), 

Seamless and Welded Unalloyed Titanium 
Welding Fittings (B 363-61T) (Accepted 
Feb. 15, 1961), 

Tantalum Ingots and Flat Mill Products 
(B 364-61 T) (Accepted March 1, 1961), 
Tantalum Rod and Wire (B 365-61 T) (Ac- 

cepted March 1, 1961), 

Factory-Made Wrought Nickel and Nickel- 
Base Alloy Welding Fittings (B 366-61 T) 
(Accepted May 10, 1961), and 

Titanium and Titanium Alloy Castings (B 367 - 
61 T) (Accepted May 10, 1961). 
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Revisions of Tentative Specifications: 
Solder Metal (B 32-60 T) (Accepted Dec. 20, 
1960 


Seamless Nickel and Nickel Alloy Condenser 
and Heat Exchanger Tubes (B 163 — 58 T) 
(Accepted July 12, 1961), 

Nickel-Chromium-Iron Alloy Rod and Bar 
(B 166-58 T) (Accepted July 12, 1961), 

Nickel-Chromium-Iron Alloy Seamless Pipe and 
Tube (B167-58T) (Accepted July 12, 
1961), and 

Nickel-Chromium-Iron Alloy Plate, Sheet, and 
Strip (B 168 — 58 T) (Accepted July 12, 1961). 


ADOPTION OF TENTATIVES AS STANDARD 
WirHovut REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without revi- 
sion: 


Tentative Specifications for: 

White Metal Bearing Alloys (Known Commer- 
cially as “Babbitt Metal”) (B 23 - 59 T)," 

Nickel-Copper Alloy Plate, Sheet, and Strip 
(B 127-58T),? 

Nickel Rod and Bar (B 160 - 58 T),? 

Nickel Seamless Pipe and Tube (B 161 - 58 T),? 

Nickel Plate, Sheet, and Strip (B 162 - 58 T),? 

Nickel-Copper Alloy Rod and Bar (B164- 
58 T),? and 

Nickel-Copper Alloy Seamless Pipe and Tube 
(B 165 - 58 T).? 


REAPPROVAL OF STANDARDS 


The committee recommends the reap- 
proval of the following standards which 
have stood for more than six years 
without revision: 


Standard Specifications for: 


Lake Copper Wire Bars, Cakes, Billets, Ingots, 
and Ingot Bars (B 4-42), 

Electrolytic Copper Wire Bars, Cakes, Slabs, 
Billets, Ingots, and Ingot Bars (B 5 — 43), 

Nickel (B 39 - 22), 

Electrolytic Cathode Copper (B 115 — 43), 

Fire-Refined Copper for Wrought Products and 
Alloys (B 216 — 49), and 

Metallic Antimony (B 237 - 52). 


1 Available as a separate reprint. 


Book of ASTM Standards, Part 2. 
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TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 

Tentative Specifications for: 

Titanium and Titanium Alloy Strip, Sheet, and 
Plate (B 265-58 T), 

Titanium Sponge (B 299 - 58 T), 

Secondary Lead (B 325 -58T), 

Seamless and Welded Titanium Pipe (B 337 - 

58 T), and 
Titanium and Titanium Alloy Bars and Billets 

(B 348-59 T). 

Tentative Classification of: 
Pig Tin (B 339-59 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Refined Copper (H. 
Barkell, chairman).—A proposed tenta- 
tive specification on deoxidized billets is 
under review to resolve minor objections. 
A joint task group with Committees 
B-1 on Electrical Conductors and B-5 on 
Copper and Copper Alloys is reviewing 
the Classification of Coppers (B 224 - 
58). 

Subcommittee II on Lead (A. Y. 
Bethune, chairman). — Specification 
B 29 — 55 for Pig Lead is being reviewed 
by a task group to resolve an objection 
to the wording of the scope clause. 
Another task group has the responsi- 
bility of preparing a tentative specifica- 
tion for lead for nuclear applications. 

Subcommitiee III on Tin-Base and 
Lead-Base Alloys (G. O. Hiers, chair- 
man) has decided to defer the pro- 
posed Symposium on Solders until 1962. 
A task group has been appointed to study 
a specification for paste-type solder. 

3 The letter ballot vote on these recommenda- 


tiors was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Subcommittee IV on Refined Zinc and 
Wrought Zinc (R. Redelfs, chairman).— 
A task group is continuing work on a 
specification for cast and wrought zinc 
anodes for cathodic protection. 

Subcommittee VIII on Miscellaneous 
Metals and Alloys (R. I. Jaffee, chair- 
man).—A task group formulating molyb- 
denum specifications should soon submit 
four tentative specifications covering mill 
products. Another task group is prepar- 
ing four tentative specification covering 
columbium mill products. The beryllium 
task group is preparing tentative specifi- 
cations for four forms of beryllium. The 
tantalum task group is considering the 
possible inclusion of electron-beam grade 
tantalum in its specifications. The 
tungsten task group is preparing three 
specifications for tungsten products. 
A request has been received for the sub- 
committee to investigate the need for 
specifications covering the rare metals. 
There is nothing to report from task 
groups on sodium and thorium. 

Subcommitiee IX on Titanium and 
Titanium Alloys (A. F Jones, chairman) 
expects to offer a revision of the Tenta- 
tive Specification for Seamless and 
mit 


Tentative Specification for: 
_ Titanium Alloy Forgings (B 381 - 61 T). 
Revision of Tentative Specification for: 
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Welded Unalloyed Titanium Tubing 
(B 338 - 58 T). A tentative specification 
for titanium and titanium alloy forgings 
is being prepared. 

Subcommittee X on Zirconium and 
Hafnium (W. W. Stephens, chairman) 
has been organized recently. Tentative 
Specification for Wrought Zirconium and 
Zirconium Alloy Seamless and Welded 
Tubes for Nuclear Service (B 353 - 60 T) 
is now being revised. A task group will 
continue preparation of a_ tentative 
specification on zirconium and zirconium 
alloy forgings and extrusions for nuclear 
applications. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 137 members: 96 members 
returned their ballots, of whom 90 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of the 
commitiee, 
ALFRED BORNEMANN, 
Chairman. 
C. K. Conarp, 
Secretary. a0 
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tal CORROSION OF NON-FERROUS METALS AND ALLOYS* 


Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys held two 
meetings during the past year: in 
Atlantic City, N. J., on June 27, 1960, 
and in Cincinnati, Ohio, on Jan. 30, 
1961. 

The committee consists of 89 members, 
of whom 82 are voting members; 30 are 
classified as producers; 27 as consumers, 
and 25 as general interest members. 


New TENTATIVE 


The committee recommends for pub- 
lication as tentative the Method of 
Copper-Accelerated Acetic Acid - Salt 
Spray (Fog) Testing (CASS Test), as 
appended hereto. 


ADOPTION OF TENTATIVES AS STANDARD 
WitH EprroriAL CHANGES 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard with editorial 
changes as indicated: 


Tentative Method of Salt Spray (Fog) 
Testing (B 117-57 


Section 6.—In the last sentence, cor- 
rect the spelling of “electrometrically” 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 

1 The new tentative appears in the 1961 Book 
of ASTM Standards, Parts 3 and 8. 

21958 Book of ASTM Standards, Parts 3 
and 8. 


and insert the words “at 25 C (77 F)” 
after the word “electrometrically.” 

Change Note 1 of this section to read: 
“A solution having a specific gravity of 
1.0255 to 1.0400 at 25C (77F) will 
meet the concentration requirement. It 
is suggested that a daily check be made.” 

Section 8(b).—In Note 2, change the 
first sentence to read: “A solution having 
a specific gravity of 1.0255 to 1.0400 at 
25 C (77 F) will meet the concentration 
requirement.” Change the last sentence 
to read: “A solution that requires 
between 3.4 and 5.1 ml of 0.1 WN silver 
nitrate will meet the concentration 
requirements.” 


Tentative Method of Acetic Acid - Salt 
Spray (Fog) Testing (B 287 -57 T):? 


Section 6.—In the next to last sentence, 
add the words “25 C (77 F)” after the 
word “electrometrically.” 

Change Note 1 of this section to read: 
“A solution having a specific gravity of 
1.0255 to 1.0400 at 25C (77F) will 
meet the concentration requirement. It 
is suggested that a daily check be made.” 

Section 8(b).—In Note 2, change the 
first sentence to read: “A solution having 
a specific gravity of 1.0255 to 1.0400 at 
25 C (77 F) will meet the concentration 
requirement.” Change the last sentence 
to read: “A solution that requires 
between 3.4 and 5.1 ml of 0.1 W silver 
nitrate will meet the concentration 
requirements.” 
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TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 


Tentative Method of: 


Total Immersion Corrosion Test of Non-Ferrous 
Metals (B 185-43 T), and 

Alternate Immersion Corrosion Test of Non- 
Ferrous Metals (B 192 —- 44T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Salt Spray 
(C. O. Durbin, chairman).—Since the 
Salt Spray (Fog) Test (B 117-57 T) 
and the Acetic Acid - Salt Spray (Fog) 
Test (B 287 -57 T) have been used suc- 
cessfully without major change for 
several years, the subcommittee recom- 
mends that both methods be adopted as 
standard. The subcommittee recom- 
mends the publication of a new Tenta- 
tive Method of Copper-Accelerated 
Acetic Acid - Salt Spray (Fog) Testing 
(CASS Test) appended to this report. 
This method is primarily applicable to 
the rapid testing of decorative copper- 
nickel-chromium or _nickel-chromium 
coatings on steel and zinc-base die cast- 
ings designed for relatively severe 
service. The test is also used on buffed 
or electropolished decorative stainless 
steel for similar service. 

Work is also in progress on a method 
of corrosion testing of decorative chro- 
mium plating by the clay-pack high 


3 The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


humidity (Corrodkote) procedure. The 
Corrodkote test is conducted by appli- 
cation of a slurry containing corrosive 
salts to test specimens, allowing the 
slurry to dry, and exposing the test 
specimens coated with the slurry to a 
high relative humidity for a specified 
period of time. The Corrodkote test is 
primarily applicable to copper-nickel- 
chromium or nickel-chromium plated 
parts. 

Subcommittee VI on Atmospheric Cor- 
rosion (J. S. Pettibone, chairman).— 
Testing of the 1-yr exposure specimens 
(aluminum only) has been completed. A 
task group is collating these data for 
publication as an appendix to the Com- 
mittee B-3 Annual Report in the 1961 
Proceedings.* 

The 2-yr exposure specimens have 
been removed from test, color-photo- 
graphed, and returned to the original 
contributors for testing. 

Subcommitiee VII on Weather (C. P. 
Larrabee, chairman).—A program for 
measuring various atmospheric exposure 
factors such as specimen wetness time, 
amounts of oxides of sulfur, and changes 
of temperature is under way at sites at 
Trail, B. C.; Ottawa, Ont.; Cleveland, 
Ohio; South Bend, Pa.; and Kure Beach, 
N. C. These data will be compared with 
weight loss of steel, zinc, and copper. 

A 3-yr program is under way at 39 
U. S. and foreign sites for the determina- 
tion of their atmospheric corrosivities 
in terms of steel and zinc. 

Subcommittee VIII on Galvanic and 
Electrolytic Corrosion (G. V. Kingsley, 
chairman).—A task group expects to 
have a report covering 1-yr exposure 
data on the magnesium panel-type gal- 
vanic couple tests ready for the Annual 
Meeting.® 


‘See p. 205. 
5 See p. 215. 
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This report has been submitted to 
letter ballot of the committee which 
consists of 82 voting members; 62 mem- 
bers returned their ballots of whom 57 
have voted affirmatively and 0 nega- 
tively. 


REPORT OF COMMITTEE B-3 


Respectfully submitted on behalf of 
the committee, 
K. G. Compton, 
Chairman, 
W. H. Aror, 
Secretary. 
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{ EpITorRIAL NOTE 


Subsequent to the Annual Meeting, Committee B-3 presented to the Society through 


the Administrative Committee on Standards the recommendation that the Method of 


_ Corrosion Testing of Decorative Chromium Plating by the Corrodkote Procedure be pub- 
lished as tentative. This recommendation was accepted by the Standards Committee on 


_ August 9, 1961, and the new tentative method appears in the 1961 Book of ASTM Stand- 
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ards, Part 3, bearing the designation B 380 - 61 T. 
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APPENDIX I 


REPORT OF SUBCOMMITTEE VI ON ATMOSPHERIC CORROSION 


1957 PRoGRAM—ONE-YEAR EXPOSURES 


In its original concept, the 1957 test r “ 
program of Subcommittee VI called for A 
scheduled removal periods at 2, 7, and 20 2 
yr (triplicate panels for exposure and 
duplicate panels for control). This pro- 
gram was modified in consideration of 
the characteristic corrosion-rate curve 
for aluminum to include a 1-yr removal 
period for the 34 aluminum test alloys. 
The details of the entire test program 
were published in Appendix I to the 
Committee B-3 Annual Report for 1959.! 

The present report is concerned with 
the data obtained from the examination 
of specimens removed after 1-yr exposure 
and control panels of these 34 aluminum 
alloys plus three additionai alloys tested 
under the same program requirements by 
the Aluminium Development Assn. at 
five test sites in England. One alloy 
(super-purity aluminum, alloy code No. 
87) supplied by the Aluminium Develop- 
ment Assn. is under test at the four 
ASTM sites and the five sites in England. 
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The 1957 program contains 34 alumi- bin fet in 
num alloys on test at four ASTM sites i * . : : + a 


an itional aluminum al Fic. 1.—Exposure Panel, Indicating Loca- 
d three add —— = = loys tion of Tension Test Bars and Marking Code. 
on test at five English locations. The 
. : e code indicates: oy number at top, 
number of aluminum alloy : grouped by test site location letter, and specimen number. 
major alloying element is as follows: Points designated a are the points at which 
thickness measurements are made. 

Aluminum (99.00 per cent minimum : 

4 The aluminum alloys were supplied, 
Copper. 8 tested and evaluated after exposure by 
13 Aluminum Company of America 
Magnesium and silicon............. 4 —_———_ 
4 1 Proceedings, Am. Soc. Testing Mats., Vol. 59, 


p. 176 (1959). 


REporRT OF ComMMITTEE B-3 (APPENDIX I) 


TABLE I.—THE BRITISH TEST SITES. 


Location Site Code Classiffication Description 
Sheffield, S (1)* Severe Indus- | Located approximately 1 mile NE of center of city in 
England dustrial heavy ind area on roof of Firth Brown Lab- 


f tb oratories (60 + ft above ground). Ringed by indus- 
; : trial chimneys at radius of approximately 200 yd 
and has one small chimney and two chemical labor- 
atory fume chimneys on the roof itself. Specimens 
face SW® (direction of prevailing winds). 


‘Hayling Is- 


London, 
England 
t 
i 


land, Eng- 
land 


L (2) 


Moderately 
Severe In- 
dustrial 


Moderately 
Severe 
Marine 


In a residential - light industrial section at Euston, 
London, on roof of British Non-Ferrous Metals 
Research Association laboratory building (40 + ft 
above ground). Atmospheric pollution from nearby 
buildings, the B.N.F.M.R.A. adjacent chemical 
laboratory and foundry, and the nearby Euston 
railroad station. Specimens face SW° (direction of 
prevailing winds). 


In a boatyard at the head of an inlet on the eastern 


side of Hayling Island. Located so that specimens 


are exposed about 4 ft above normal high tide level 


and the water runs under them for about 4 hr each 
tide. Remote from any forms of atmospheric pollu- 
tion. Specimens face south® (toward the water). 


Located 1 to 2 miles north of Banbury in rural sur- 
roundings. On a grassy plot (10 by 60 yd) to south- 
west of Aluminium Laboratories Ltd. Research Cen- 
ter. Experimental foundry and other laboratories 

” adjacent to northwest and railway line 75 yd to 

southward. Plant buildings of Northern Aluminium 

Co. are 14 mile to east. Atmospheric SO: at site 

indicate peiatien about 149 that observed in Lon- 

don. Specimens face SW® (direction of prevailing 
winds). 


Rural (some 
pollution) 


Banbury, Ban. (4)* 


England 


Anglesey, Ang. (5)* |Marine Ground level, on property of Saunders Roe Ltd., 
England Beaumaris, Anglesey, about 30 yd from high water 
mark. Water lies to southeast and forms part of 
j straits between Anglesey and mainland. Site is free 
; ; from industrial pollution and it is reported that 
salt spray mist is present in winter in the neighbor- 
i 54 hood of test speci Speci face SW°. 
@ Number in parentheses is Aluminium Development Association site code. 
+ All specimens are at an angle of 30 deg from the horizontal. 
TABLE II.—CHEMICAL ANALYSES OF ALUMINUM 
ALLOYS EXPOSED IN ENGLAND. 
Alloy Code. he <:etigomna soe No. 1* No. 2 No. 3 No. 
designation. Super-Purity NS6-} Hard HS30-WP HC15-WP 
Copper, per cent.............. 0.0015 <0.04 0.21 4.88 
0.0035 0.27 0.40 0.37 
Silicon, per cent... 0.0025 0.18 0.96 0.80 
Manganese, per cent........... 0.0005 0.35 0.52 0.77 
Magnesium, per cent........... eee 4.95 0.69 0.65 
Chromium, per cent........... 0.02 <0.02 
Titanium, per cent............ ae 
Nickel, 
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Aluminium Development Assn. (lab- 
oratory testing by the British Non- 
Ferrous Metals Research Assn.) 

Kaiser Aluminum and Chemical Corp. 

Reynolds Metals Co. 

Test Periods—Data from the 1-yr 
exposure (triplicate panels) and 1-yr 
storage (duplicate panels) are summa- 
rized in Table IV. Future removals are 
scheduled for the 2-, 7-, and 20-yr 
periods. 

Test Panels, 8 by 4 by 0.05 in. were 
marked in accordance with Fig. 1 by 
alloy code number (arbitrarily assigned 
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Sheffield (industrial); Site L—London 
(industrial); Site H—Hayling Island 
(marine); Site Ban.—Banbury (rural); 
and Site Anmg.—Anglesey (marine). Since 
descriptions of the ASTM test sites are 
given in the literature,? only the British 
test locations are shown in Table I. 


Laboratory Tésts Prior to Exposure: 


Chemical Analyses were made on all 
34 test alloys as reported in Appendix I 
to the 1959 Report of Committee B-3.! 
The analyses of the three other alloys 
are shown in Table II, along with that of 


TABLE III.—FIRST EXPOSURE PERIOD FOR THE ALUMINUM ALLOYS. 


Ex 
Location Site Code Date Exposed Date Removed — 

Kure Beach (80-ft. site), N. C....... A Nov. 22, 1958 Nov. 21, 1959 364 
Newark, N. J. (New York Area)... . B Oct. 31, 1958 Nov. 20, 1959 385 
Point Reyes, Calif. 

ee ee Cc May 24, 1958 July 22, 1959 424 

Alloys 37 to 39 and 85 and 86.... June 11, 1958 July 22, 1959 406 

Jan. 22, 1959 July 22, 1959 192 
D Nov. 6, 1958 Nov. 5, 1959 364 
Sheffield, England................. 8 (1)¢ Aug. 26, 1959 Aug. 10, 1960 350 
L (2)¢ Aug. 7, 1959 Aug. 8, 1960 367 
Hayling Island, England........... H (3)¢ Aug. 28, 1959 Aug. 24, 1960 362 
Banbury, England................. Ban. (4)* Aug. 11, 1959 Aug. 11, 1960 366 
Anglesey, England................. Ang. (5)* Sept. 29, 1959 Aug. 13, 1960 380 


@ Number in parentheses is site code of Aluminium Development Assn. (British). 


to each alloy in the program), site loca- 
tion code letter, and panel specimen 
number. The four alloys exposed in 
England (including alloy code No. 87), 
were identified by a system of holes 
punched near the panel edges. The panel 
areas were corrected for the changes 
caused by the holes. 


TEST PROGRAM 


Test Site Locations: 


Site A—Kure Beach (80-ft site), N. C. 
(east coast marine atmosphere); Site 
B—New York Area (Newark, N. J.) 
(industrial) ; Site C—Point Reyes, Calif. 
(west coast marine); and Site D—State 
College (University Park), Pa. (rural). 
The British test locations are: Site S— 


the super-purity alloy, code No. 87 (as 
reported in the above report). 

Thickness Measurements were made 
to the nearest 0.001 in. on the specific 
locations shown in Fig. 1. 

Length and Width Measurements were 
made to the nearest 0.01 in. 

Weighing of the aluminum alloys was 
to the nearest 0.001 g. 

Tension Tests were made on six speci- 
mens, three each from two panels. 


Evaluation of Corrosion Damage: 


Cleaning of all exposed and storage 
aluminum panels was accomplished by 
use of a 10-min immersion in a solution 

2 Report of the Advisory Committee on Cor- 


rosion, Proceedings, Am. Soc. Testing Mats., 
Vol. 58, p. 229 (1958). 
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—Hayling Island, England 


Ban.—Banbury, England 


Ang.—Anglesey, England 
Symbol Key: ® No appreciable attack. 


H 


© Control data not available. 


4 Intergranular attack. 


ANNAN 


¢ One specimen broke at end of gage marks. 
4 Two specimens broke at end of gage marks. 


ere 
*- 


containing 2 per cent chromic acid and 
5 per cent phosphoric acid (by weight) 
at 180 F, followed by a 2 to 3 min dip 
in 70 per cent nitric acid. The use of 
ultrasonics was found to facilitate this 
procedure. 

Weighing of the cleaned panels was to 
the nearest 0.001 g. 

Tension Tests were made on six speci- 
mens, three each from duplicate storage 
panels and two each from triplicate 
exposure panels after cleaning and 
weighing. 

Pit Depth Determinations were made 
on the center section of each panel after 
removal of tension specimens. A dial 
depth gage was used where feasible with 
metallographic checks to determine the 
four deepest pits on both the skyward 
and groundward sides of the panel. A 
calibrated eyepiece microscope was used 
in some cases to make these determina- 
tions. 
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Exposure Periods: 


Although the exposure period for this 
phase of the 1957 test program was ap- 
proximately 1 yr, there was considerable 
variation in the actual number of days 
of exposure as shown in Table III. 


The subcommittee is indebted to the 
following task group for developing and 
presenting the 1-yr data of the 1957 test 
program: 

W. H. Armor, Task Force Chairman 
WILLIAM KING 

F. P. PorTER 

T. J. SuMMERSON 


Respectfully submitted on behalf of 
the subcommittee, 


J. S. PETTIBONE, 
Chairman 
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This study represents the third part 
of a program to evaluate the galvanic 
corrosion caused by various dissimilar 
metals when coupled to magnesium al- 
loys and exposed to different atmospheric 
conditions. Part I' dealt with disk-type 
couples, Part II* with spool and wire 
couples and Part III with plate-type 
couples in which the galvanic effect of 
dissimilar metals could be evaluated 
through loss in tensile strength of the 
base panel when compared with similar 
uncoupled control panels exposed along- 
side of the coupled panels. The data 
presented in this report were determined 
on the first of three sets of panels re- 
moved after 1 year’s exposure at four 
different locations. 

After much discussion extending over 
several years and supported by pilot 
tests, the type of panel illustrated in 
Fig. 1 was adopted to evaluate by means 
of loss in tensile strength the galvanic 
effect of various dissimilar metals when 
coupled as strips to two magnesium 
alloys, AZ31B-H24* and ZK60A-TS.* No 
protection was applied to any of the 
1H. O. Teeple, “Atmospheric Galvanic Corro- 
sion of Magnesium Coupled to Other Metals,” 
Symposium on Atmospheric Corrosion of Non- 
Ferrous Metals, ASTM STP No. 175, Am. Soc. 
Testing Mats., p. 89 (1955). 

2 Report of Subcommittee VIII on Galvanic 
and Electrolytic Corrosion, Proceedings, Am. 
Soc. Testing Mats., Vol. 54, p. 150 (1954). 

3See Standard Specification for Magnesium- 
Base Alloy Forgings (B 91-58), 1961 Book of 


ASTM Standards, Part 2, p. 1076. i Aw 
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MAGNESIUM PLATE-TYPE GALVANIC COUPLES—PaRT III oF A THREE-PART PROGRAM 
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components of the couple assembly. 
Strips A and B were bolted to both sides 
of the base panel. A uniform torque of 
30 lb-in. was applied to all bolts except 
the plastic bolts which could be safely 
tightened to a torque of only 8 Ib-in. In 
some cases 3s in. diameter aluminum 
alloy rivets were used in place of alumi- 
num alloy bolts. The purpose of strip A 
was to insure a uniform contact pressure 
between the base panel and strip B. 
Wherever possible, the composition of 
strip A was the same as that of the 
fastener to eliminate the possible effect 
of another dissimilar metal in the as- 
sembly. This type of panel permitted 
the machining of tension specimens which 
could be used to obtain a quantitative 
evaluation of the galvanic effect of the 
metals coupled to the magnesium alloys. 
Table I lists the combinations of metals 
that were coupled to both AZ31B-H24 
and ZK60A-T5. The analyses of the 
metals used in this program are given in 
Table II. The surface finish and thickness 
of the dissimilar metals are also included 
in this table. The magnesium-alloy com- 
ponents were degreased and then acid 
pickled at room temperature to remove 
0.0005 in. of each surface in a solution 
having the following composition: 


Glacial acetic acid......... ere 254 fluid oz 


The aluminum-alloy components were 


exposed with a commercial finish after 
vapor degreasing. The mild steel, stain- 


+4 
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with the standard surface preparation 
procedures for these metals. 


Strip A 


+ 


8 


Fostener : 4'-20 Bolt ond Nut 


Strip A and B Thickness = 0.064"— 0.210" 


Orit, 4 Hotes 


+ + + 


| | 


- 


Fic. 2.—Magnesium Plate-Type Galvanic Couples on Exposure at the Kure Beach (80-ft site), N. C. 


less steel, monel, and brass components 
were also vapor degreased and further 
cleaned, where necessary, to remove any 
in accordance 


surface contamination 


A total of 672 assemblies was prepared, 
identified by stamping the magnesium 
panel before pickling with }-in. metal 
stencils in the upper left corner of its sky- 


=" 
ig Drill, 4 Holes 


rw 


| 
5 
| 
I | + 
. 
F Plate-1 Galvanic Couple Exposure Panel, Indi Bars. 


4 


ward surface, as shown in Figs. 3 and 4. 
The code for identification of the galvanic 
couple is shown in Table III. After as- 
sembly, the couples were distributed as 
indicated in Tables IV and V. It is ex- 
pected that the exposure periods at the 
Kure Beach, N. C., 80-ft site will be 1, 
2, and 5 years, and 1, 5, and 10 or more 
years at the other exposure sites. Table V 
also reveals the actual exposure period 
of the first set of 224 panels which were 
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plate-type couples were supported be- 
tween porcelain insulators on standard 
atmospheric exposure frames which were 
inclined at an angle of 30 deg to the 
horizontal, as shown in Fig. 2. 

Shortly after removal of the first set 
of couples from each location the contact 
resistance between strip B and the base 
panel was measured to determine elec- 
trical continuity. These data are given 
in Table VI. Except for the panels with 


TABLE I.—METALS COUPLED TO MAGNESIUM ALLOYS AZ31B-H24 AND ZK60A-T5 


Specimen Fastener® Strip A Strip B 
6061-T6 6061-T6 99.99 per cent aluminum 
 ) ae 6061-T6 6061-T6 99.99 per cent aluminum + 2 

per cent magnesium 
6061-T6 6061-T6 5356-H32 
6061-T6 6061-T6 6061-T6 
6061-T6 6061-T6 5052-H34 
Me. 6061-T6 6061-T6 Alclad 7075-T6 
Mild steel Mild steel Mild steel 
Brass Brass rass 
OS ee Type 304 stainless | Type 304 stainless steel | Type 304 stainless steel 
steel 
UE, ining Chrome-plated type | Chrome-plated type 304 | Chrome-plated type 304 stain- 
304 stainless steel stainless steel less steel 

No. 11......| Monel Monel Monel 
5056-H32° 5356-H32 5356-H32 
5056-H32° 5356-H32 Alcan B54S-04 
6061-T6 6061-T6 AZ31B or ZK60A‘° 
6-0 Nylon AZ31B or ZK60A° AZ31B or ZK60A° 
5056-H32° 5356-H32 AZ31B or ZK60A° 
None None None 


@ 14 in.-20 bolt and nut except as noted. 

» 546 in. diam button head rivet. 

¢ Strip was same composition as base panel. 
4 Similar to 5083 composition. 


removed after 1 year’s exposure at the 
four locations. 

The New York Area (Newark, N. J.) 
site represents a severe industrial en- 
vironment; State College, Pa., a clean 
rural atmosphere; the Kure Beach 80-ft 
(from the beach) site, a severe marine 
atmosphere; and the Kure Beach 800-ft 
site, a milder marine environment. 
Further description of these locations 
is given in the 1958 report of the Ad- 
visory Committee on Corrosion.‘ The 

* Report of Advisory Committee on Corro- 


sion, Proceedings, Am. Soc. Testing Mats., Vol 
58, p. 229 (1958). 


the plastic bolts, which crept during 
exposure at the Kure Beach 80-ft site 
and thereby caused a loose assembly, 
good electrical contact was maintained 
during one year’s exposure. 

After disassembly of the couples, the 
magnesium-alloy panels were cleaned for 
1 min in a hot (200 F) 20 per cent chromic 
acid solution to remove all corrosion 
product. The extent of galvanic attack 
on each of these panels was then visually 
evaluated in terms of an arbitrary 1 to 5 
scale where 1 represented the least and 5 
the greatest amount of galvanic attack. 
Figures 3 and 4 illustrate the degree of 


| 
| 
q 
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TABLE II.—CHEMICAL ANALYSES OF METALS USED IN MAGNESIUM 
PLATE-TYPE GALVANIC COUPLE PROGRAM. 


Including data on surface finish and thickness 


Macnesium ALLoys 


AZ31B-H24 ZK60A-TS 
Atuminum ALLoys 
99.99 per Clad 7075-T6 
99.99 Alu- 
| BS4S-O |5356-H32 | 6061-Ts 
Clad- 
num Core ann 
Copper, per cent............ 0.001 | 0.002 | 0.01 0.025 | 0.05 | 0.31 1.69 0.01 
Pre 0.004 | 0.004 | 0.12 0.23 0.12 0.12 0.20 0.13 
Magnesium, per cent.........| 0.00 1.8 2.41 4.35 4.95 0.94 2.63 0.00 
Manganese, per cent......... 0.00 | 0.00 | 0.01 | 0.30 | 0.09 | 0.01 | 0.00 0.00 
Silicon, per cent............. 0.00 0.00 0.07 0.12 0.08 0.53 0.10 0.07 
0.00 | 0.00 | 0.00 0.00 | 0.00 | 5.74 1.00 
Chromium, per cent......... 0.00 | 0.00 | 0.25 0.12 0.24 0.22 0.00 
Titanium, per cent.......... 0.00 0.00 0.00 tric 0.13 0.05 0.05 0.00 
MI Te skiceemeseseus 0.064 | 0.064 | 0.206 | 0.190 | 0.204 | 0.205 | 0.205° 
Steet ALLoys 
Type 304 
Mild Steel Stainless Steel 
Rep Brass 
Copper, per cent 85.01 


14.96 (by difference) 


0.005 
0.02 

Cold rolled 
0.205 


- 
Ce 
: Ir 
M 
Si 
Cc 
Si 
F 
T 
] 
1) 
Thickness, 


TABLE II.—CHEMICAL ANALYSES OF METALS USED IN MAGNESIUM 
PLATE-TYPE GALVANIC COUPLE PROGRAM—Continued. 


Monet (2)¢ 
Curomium-PLATED TyPE 304 STAINLESS STEEL® 
Solution (120 to 125 F): 


* Commercial finish. 

» Total thickness of clad material. 

© No. 4 finish, see Specifications for Corrosion-Resisting Chromium and Chromium-Nickel Steel 
Plate, Sheet, and Strip for Fusion-Welded Unfired Pressure Vessels (A 240), 1961 Book of ASTM 
Standards, Part 1. 

4 Nominal analysis. 

* No analysis made of plated coating. Base metal is same as type 304 stainless steel above. 


Panels Illustrating Galvanic Attack Represented by Ratings 1 to 3. 


attack represented by each of the rating specimens in accordance with Fig. 7 of 
numbers. ASTM Methods E 8,° except that the 

Three tension test blanks were cut, reduced section A was shortened to 2 in. 
as indicated in Fig. 1, from the cleaned —~——— 


were machined into } in. wide tension Standards, Part 3. 
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RATING 


Third Number: Exposure Site.................. 


Fourth Number: Sample No.................... 


- La Fic. 4.—Panels Illustrating Galvanic Attack Represented by Ratings 4 and 5. 
—_ TABLE III.—CODE FOR IDENTIFICATION OF GALVANIC COUPLES. 
6—ZK60A 
Second Number: Item No..................-+6- 1 to 17; see Table I 


1—New York Area (Newark, N. J.) 


2—State College, Pa. 


3—Kure Beach, (80-ft site), N. C. : 
4—Kure Beach (800-ft site), N.C. 


1 to 3 for AZ31B 
1 to 6 for ZK60A 


TABLE IV.—DISTRIBUTION 


OF EXPOSURE PANELS. 


Ezample.—Couple 6831 is one of six ZK60-brass couples exposed at the Kure Beach (80-ft site). 


Number of 
of Panels er of Total umber 
tions Period Periods ites ¢ anets 
1 4 3 4 48 
16 2 3 4 384 
1 4 3 4 48 


TABLE V.—EXPOSURE SITES AND LENGTH OF EXPOSURE OF THE 
FIRST SET OF MAGNESIUM PLATE-TYPE GALVANIC COUPLES. 


Length of Exposure 
Location Exposure Period 

Days Years 
New York Area (Newark, N. J.).............. 10-10-58 to 1-25-60 472 1.29 
9-25-58 to 12-16-59 447 1.22 
Kure Beach (80-ft site), N. C................. 12-6-58 to 1-12-60 402 1.10 
Kure Beach (800-ft site), N. C................ 12-6-58 to 1-12-60 402 1.10 
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because the over-all length of the test 
specimen was 6 in. The two lines of 


sion specimens were machined from each 
of the magnesium control panels. For all 


TABLE VII.—EFFECT OF VARIOUS DISSIMILAR METALS 


ON THE GALVANIC CORROSION OF AZ31B. 


Exposure Site 
& <2 New York State College Kure Beach 80-ft Site Kure Beach 800-ft Site 
1. AZ31° AZ31° AZ31° AZ31° 
99.99 per cent alu- | 99.99 per cent alu- 99.99 per cent alu- 
minum minum oe minum 
99.99 per cent alu- | 99.99 per cent alu- jiny 99.99 per cent alu- 
: minum + 2 per minum + 2 per R34 minum + 2 per 
cent magnesium cent magnesium a cent magnesium 
6061 6061 6061 
5052 5052 5052 
Alelad 7075 Alclad 7075 Alcan B54S 
Alcan B54S_ Alcan B54S 
Chrome-plated 304 
stainless steel 
2....| Chrome-plated 304 | 304 stainless steel 99.99 per cent alu- | Alclad 7075 
stainless steel minum Chrome-plated 304 
99.99 per cent alu- stainless steel 
minum + 2 per 7% 
cent magnesium 4 
5356° 
6061 
5052 
Alcan B54S8 
3....| 85-15 brass Mild steel Alclad 7075 304 stainless steel 
304 stainless steel 85-15 brass Chrome-plated 304 | Monel 
Monel Monel stainless steel 


4....| Mild steel a | 


Monel? 
304 stainless steel? 


Mild steel? 
85-15 brass@ 


Mild steel 
85-15 brass 


* Based upon visual examination after cleaning of a (See also Figs. 3 and 4 of cleaned Panels 
showing various degrees of galvanic corrosion.) 
1—No significant galvanic corrosion at 5X magnification. 
2—Slight galvanic attack; some shallow pits. 
3—Moderate attack; scattered medium deep pitting. ! 


4—Moderate attack; continuous band of medium deep pitting. s + ; 
5—Heavy attack; continuous band of deep pitting. . 
> Includes 3 different combinations of fastener materials: ; 


1. 6061 strip A + 6061 bolts. 
2. AZ31B strip A + plastic bolts. 
3. 5356 strip A + 5056 rivets. 


bolts. 


2. 5356 strip A + 5056 rivets. 


a Galvanic corrosion caused crack near outside bolt hole of base panel. 


galvanic attack were at the center of, 
and at right angles to, the longitudinal 


axis of the tension specimens. Four ten- 


Includes 2 different combinations of fastener 
1. 6061 strip A + 6061 


specimens, 
used for area determinations, 
tension tests were conducted as outlined 


the original thickness was 


and all 
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1 TABLE VIII.—EFFECT OF VARIOUS DISSIMILAR METALS 


| ON THE GALVANIC CORROSION OF ZK60A. 


2....| Chrome-plated 304 
stainless steel 


304 stainless steel 


99.99 per cent alu- 
minum 

99.99 per cent alu- 
minum + 2 per 


Exposure Site 
>= 
a<8 New York State College Kure Beach 80-ft site | Kure Beach 800-ft site 
ZK60° ZK60° ZK60° ZK60° 
99.99 per cent alu- | 99.99 per cent alu- 
minum minum 
99.99 per cent alu- | 99.99 per cent alu- 
minum + 2 per minum + 2 per : 
cent magnesium cent magnesium 7 | 
5356° 5356° 
6061 6061 
5052 5052 6 
Alean B548 Alcan B54S 
Alclad 7075 Alclad 7075 
Chrome-plated 304 


99.99 per cent alu- 
minum 

99.99 per cent alu- 
minum + 2 per 


cent magnesium 


cent magnesium 


5356° 
6061 6061 
5052 5052 
Alcan B54S8 Alcan B548 
Alclad 7075 
3....| 85-15 brass 85-15 brass Alclad 7075 Chrome-plated 304 
Monel Monel stainless steel 
Mild steel 
4....| 304 stainless steel Chrome-plated 304 | 304 stainless steel 
Mild steel stainless steel 85-15 brass 
Monel 
Mild steel 
5.. Mild steel@ 
85-15 brass? 
304 stainless steel? 
Monel? 


* Based upon visual examination after cleaning of panels. (See also Figs. 3 and 4 of cleaned panels 
showing various degrees of galvanic corrosion.) 
1—No significant galvanic corrosion at 5X magnification. 
2—Slight galvanic attack; some shallow pits. 7 
3—Moderate attack; scattered medium deep pitting. 
4—Moderate attack; continuous band of medium deep pitting. 
5—Heavy attack; continuous band of deep pitting. 
’ Includes 3 different combinations of fastener materials: 
1. 6061 strip A + 6061 bolts. 
2. ZK60A strip A + plastic bolts. 
3. 5356 strip A + 5056 rivets. 
* Includes 2 different combinations of fastener materials: 
1. 6061 strip A + 6061 bolts. 
2. 5356 strip A + 5056 rivets. 
4 Galvanic corrosion caused crack near outside bolt hole of base panel. 
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in ASTM Methods E 8. The difference 
between the tensile strength of the con- 
trol panels and the tensile strength of 
the panels to which various metals were 
coupled was considered a measure of the 
severity of the galvanic attack suffered 
by the magnesium panels. 
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4 
ZK60A and for each of the four exposure 
sites. 

In general, the galvanic attack tended 
to be slightly greater near the lower fay- 
ing edge of strip B. There was no signifi- 
cant difference between the degree of 
attack on the skyward and groundward 


TABLE XI.—PER CENT LOSS IN TENSILE STRENGTH RESULTING FROM GALVANIC 
CORROSION OF AZ31B-H24 DURING 1 YEAR’S ATMOSPHERIC EXPOSURE." 


ab Exposure Site 

Metal Coupled to AZ31B = 
: Kure Beach 

Fastener Strip A Strip B Be rm = 

No. 15...| Plastic AZ31B AZ31B +0.2} 2.3) 0.1|+0.4 
No. 16...| 5056 Rivets 5356 AZ31B +0.8}+0.5) 1.9/+1.2 
No. 14...| 6061 6061 AZ31B 1.2)}+2.1) 2.3/+0.3 
No. 1 6061 7 6061 99.99 per cent alu- 0.4; 0.9) 1.6) 1.1 

; minum 
No. 2 6061 A 6061 99.99 per cent alu- |+0.6) 1.0) 2.4/+0.4 
minum + 2 per 
cent magnesium 
No. 5.. 6061 6061 5052 0.6|+0.5) 2.9) 0.1 
No. 13...| 5056 Rivets 5356 Alean B548 2.1) 1.5) 3.4/+0.9 
No. 12...| 5056 Rivets 5356 5356 1.3} 0.3) 2.9/+1.1 
No. 3.. 6061 6061 5356 0.5) 0.2) 2.6)+0.8 
No. 4.. 6061 6061 6061 2.2)}+0.6 
No. 6.. 6061 6061 Alclad 7075 1.4/+0.5) 6.2) 0.6 
No. 9.. 304 stainless steel | 304 stainless steel | 304 stainless steel 2.8} 0.9)10.0) 4.7 
No. 10. Plated 304 stain- | Plated 304 stain- | Plated 304 stainless 0.4;+0.1)10.8) 0.7 
less steel? less steel? steel? 

No. 11. Monel Monel Monel 3.8) 1.1/11.9) 3.9 
No. 7.. Mild steel Mild steel Mild steel 6.1) 1.5)/13.3) 5.2 
No. 8.. Brass Brass Brass 6.5) 1.8/16.1) 6.0 


* Per cent loss in tensile strength is based on difference between average tensile strength of un- 
coupled AZ31B control panels (Item 17) and AZ31B panels coupled to various metals. 


+’ Chromium-plated type 304 stainless steel. 


Test Results: 


The relative effect of the various dis- 
similar metals on the galvanic corrosion 
of AZ31B and ZK60A, as determined 
from visual inspection of cleaned panels, 
is presented in Tables VII and VIII, 
respectively. Although the difference 
between metals adjacent to each other 
in Tables VII and VIII are small, an 
attempt was made to rate these metals 
according to increasing galvanic effect 
within each rating group. The ratings 
are also comparable for AZ31B and 


side of the magnesium panels. The gal- 
vanic attack was also limited to within 
about § in. from the faying edge of strip B 
(see Figs. 3 and 4). 

The average tensile strength and range 
in tensile strength of tension specimens 
machined from the AZ31B and ZK60A 
panels after one year’s exposure in four 
different environments are summarized 
in Tables IX and X, respectively. The 
corresponding percentage loss in tensile 
strength is presented in Tables XI and 


= 


] 
| 
I. 
| 


Discussion of Results: 


Visual examination indicated more dis- 
tinct differences in the galvanic effect of 
the various dissimilar metals coupled to 
AZ31B and ZK60A than did the per cent 
loss in tensile strength data. However, 
both methods of evaluation rated the 
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sented in Tables VII and VIII and the 
per cent loss in tensile strength data sum- 
marized in Tables XI and XII: 

1. The seven aluminum alloys caused 
the least galvanic corrosion when 
coupled to either AZ31B or ZK60A. 

2. All aluminum alloys were approxi- 


TABLE XII.—PER CENT LOSS IN TENSILE STRENGTH RESULTING FROM GALVANIC 
CORROSION OF ZK60A-T5 DURING 1 YEAR’S ATMOSPHERIC EXPOSURE.* 


Exposure Site 
Metal Coupled to ZK60A 

Kure Beach 

Specimen New | State 8 

York 

Fastener Strip A Strip B ege 2 4 

| 8 
No. 15 Plastic ZK60A ZK60A 0.0) 0.5) 0.6) 0.1 
No. 16...| 5056 rivets ZK60A +0.2)/+0.1/+0.2) 0.5 
No. 14...| 6061 6061 ZK60A 0.3) 0.1) 0.2) 0.0 
No. 1....| 6061 6061 99.99 per cent alu- |+0.1| 0.6) 0.5| 0.5 

hay minum 
No. 2....| 6061 6061 +0.1) 2.0) 0.8) 0.2 
+0.9| 0.4] 0.2] 0.0 
No. 13...| 5056 rivets 5356 Alean B54S +0.2| 0.4) 1.5] 1.3 
No. 12...| 5056 rivets 5356 5356 0.6} 0.7) 1.6) 1.1 
No. 3....| 6061 5356 0.7) 0.4) 0.8) 0.9 
No. 4....| 6061 6061 6061 0.2} 0.9) 0.8] 0.1 
No. 6 6061 6061 Alclad 7075 1.2}+0.2) 3.2) 0.3 
No. 9 304 stainless steel | 304 stainless steel | 304 stainless steel 1.7} 0.9) 22.2) 5.6 
No. 10 Plated 304 stain- | Plated 304 stain- | Plated 304 stainless 0.7) 0.4) 4.2) 2.5 
less steel? less steel? steel? 

No. 11 Monel Monel Monel 1.4] 28.3)11.7 
No.7 Mild steel Mild steel Mild steel 3.9) 3.8) 21.7|10.0 
No. 8 Brass | Brass Brass 1.9} 1.2) 38.7) 6.5 


@ Per cent loss in tensile strength based on difference between average tensile strength of un- 
coupled ZK60A control panels (Item 17) and ZK60A panels coupled to various metals. 


’ Chromium-plated type 304 stainless steel. 


relative galvanic effect of the dissimilar 
metals in approximately the same order 
when coupled to either AZ31B or ZK60A. 

The tensile data revealed a greater 
number of anomalies, but these, as well 
as the small differences in tensile strength 
loss, can be attributed to the normal 
scatter in tensile strength data resulting 
from variation in the tensile properties of 
the magnesium panels and the accuracy 
of tension testing. 

The following additional observations 
are also based on the visual ratings pre- 


mately equivalent in their galvanic 
effect on the magnesium alloys, with 
Alclad 7075 being slightly more severe 
than the other aluminum alloys. 

3. There was no significant difference 
between the galvanic corrosion caused by 
high-purity and commercial-purity alu- 
minum alloys. (The iron content of the 
aluminum alloy strips varied from 0.004 
to 0.23 per cent.) 

4. The magnesium alloys suffered the 
severest galvanic corrosion when in con- 


a 
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tact with brass, monel, mild steel, and 
stainless steel. 

5. Chromium plating on stainless steel 
was effective in reducing the galvanic 
corrosion caused by stainless steel alone. 

6. Variation in the composition of 
strip A had no significant effect when 
either AZ31B or ZK60A was coupled to 
itself (specimen Nos. 14, 15, 16). 

7. The magnesium alloys suffered the 
greatest amount of galvanic corrosion in 
the severe marine environment at. the 
Kure Beach 80-ft site. The milder marine 
atmosphere at the Kure Beach 800-ft 
site was only slightly more corrosive than 
the New York Area and State College 
locations, which were the least corrosive. 

8. Alloy ZK60A generally underwent 
slightly more galvanic attack than did 
AZ31B under comparable conditions of 
exposure. 

Laboratory tests’ have shown that 
high-purity aluminum causes less gal- 
vanic attack to magnesium alloy AZ31B 
than commercial-purity aluminum alloys 
when exposed in a 3 per cent NaCl solu- 
tion. These tests also revealed that the 
presence of magnesium in aluminum 
alloys, or magnesium ion in the environ- 
ment, can greatly suppress the harmful 
effect of iron, copper, and nickel im- 
purities in commercial-purity aluminum 
alloys. Thus, this may explain why no 
significant difference was observed, es- 
pecially on the panels exposed at the 
Kure Beach 80-ft site, in the galvanic 
attack caused by the high-purity and 
commercial-purity aluminum alloys. It is 
also very possible that the environment 
at the other exposure sites was not suffi- 
ciently aggressive to show up a signifi- 
cant difference among the various alu- 
minum alloys. 

®M. R. Bothwell, “Galvanic Relationships 
Between Aluminum Alloys and Magnesium 


Alloys,” Journal, Electrochemical Society, Vol. 
106, p. 1014 (1959). 


on 


The results of this atmospheric ex- 
posure study are consistent with similar 
results obtained in Part [' (disk-type 
couples) and Part II? (spool and wire 
couples) of the magnesium galvanic 
couple program sponsored by Subcom- 
mittee VIII in revealing that magnesium 
alloys can be coupled to most aluminum 
alloys without suffering significant gal- 
vanic attack. The data also indicate that 
certain precautions, such as the use of 
organic coatings, insulating tapes, or 
shims of more compatible materials 
between the principal components of the 
couple, should be taken whenever it is 
necessary to couple magnesium alloys 
with brass, monel, or steel alloys. 

The type of panel being used in this 
program is effective in showing the rela- 
tive galvanic effect of various dissimilar 
metals when in contact with magnesium 
alloys and exposed in different outdoor 
environments. Longer exposures will 
probably reveal greater differences be- 
tween the tensile strength of the un- 
coupled control panels and the coupled 
panels, as well as in the galvanic ratings 
of the various dissimilar metals when 
coupled to magnesium alloys. 


Acknowledgments: 


Materials and assistance in the fabri- 
cating, assembling, and processing of the 
panels for this program were furnished 
by the following companies: Aluminum 
Company of America, Aluminium Lim- 
ited, The American Brass Co., Bell 
Telephone Laboratories, Inc., Bohn 
Aluminum & Brass Corp., The Dow 
Chemical Co., The International Nickel 
Co., and The U. S. Steel Corp. 


Respectfully submitted on behalf of 
the subcommittee, 


J. J. Casey 


ate 


ful? 


REPORT OF COMMITTEEB4 


ON 


METALLIC MATERIALS FOR THERMOSTATS AND FOR ELECTRICAL 
RESISTANCE, HEATING, AND CONTACTS* 


Committee B-4 on Metallic Materials 
for Thermostats and for Electrical 
Resistance, Heating and Contacts held 
three meetings during the year: in 
Atlantic City, N. J., on June 28, 1960; 
at Skytop Lodge, Skytop, Pa., on 
November 2, 1960; and in Washington, 
D. C., on February 15, 1961. 

The committee consists of 81 mem- 
bers, of whom 27 are classified as pro- 
ducers, 39 as consumers, and 15 as 
general interest members. 

At the February meeting, A. L. Van- 
Emden was elected to Honorary Mem- 
bership in Committee B-4 for his out- 
standing services and contributions to 
Subcommittee IV. Mr. VanEmden has 
recently retired from active service with 
the Bureau of Ships. The other Honorary 
Members of this committee are P. H. 
Brace, F. E. Carter, Ragnar Holm, R. D. 
Van Nordstrand, and G. F. Geiger. 

As it has done in the past, Committee 
B-4 again cooperated with The Pennsyl- 
vania State University in an Engineering 
Seminar on Electrical Contacts. The 
Seminar was held from June 11 to 16, 
1961. 

The committee is also cooperating with 
the University of Maine in the prepara- 
tion of a program for the International 
Symposium on Contacts, which will be 
held at the University of Maine, Orono, 
Maine on November 14 to 16, 1961. 


* Sixty-fourth Annual Meeting of the Society, 


The committee continues to sponsor 
the Bibliography and Abstracts on 
Electrical Contacts published as ASTM 
STP 56G and annual supplements. In 
1960, the Society published Supplement 
ASTM STP 56N covering the literature 
and abstracts for 1959. 

Subcommittee III is preparing a 
bibliography on thermostat bimetals 
which is expected to be available within 
the next year. This bibliography will 
serve a similar purpose and have a similar 
format to that of the ASTM contact 
bibliography. 

During the past year, Subcommittee 
IV on Contact Materials has had a 
special speaker at two of its meetings. 
At the Annual Meeting in Atlantic City, 
L. K. Jones of the Sandia Corp. gave 
an illustrated talk on “Materials and 
Process Variables and Their Effect on 
Contact Resistance.” At the Skytop 
meeting, A. Keil of The Dr. E. Diirr- 
wichter Co., Pforzheim, Germany, gave 
an illustrated talk on “Some Observa- 
tions on Materials for Electrical Con- 
tacts.” 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1960 Annual Meet- 
ing, Committee B-4 presented to the 
Society through the Administrative 
Committee on Standards the new Tenta- 


June 25-30, 1961. ae tive Method of Test for Mechanical 
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Torque Rate of Spiral Coils of Thermo- 
stat Metal (B 362-60 T). The method 
was accepted by the Standards Com- 
mittee on September 29, 1960, and it 
appears in the 1960 Supplement to Book 
of ASTM Standards, Part 3. 


PROPOSED DEFINITIONS TO BE 
PUBLISHED AS INFORMATION 


The committee recommends for publi- 
cation as information only the Defini- 
tions of Terms Relating to Electrical 
Contacts and Their Use as appended 
hereto.! 


ADOPTION OF TENTATIVE AS STANDARD 
WitTHovutT REVISION 


The committee recommends that the 
Tentative Method of Test for Surety of 
Make of Electrical Contact Materials 
(B 340 — 59 T)? be approved for reference 
to letter ballot of the Society for adop- 
tion as standard without revision. 


ADOPTION OF TENTATIVE AS STANDARD 
WitTH REVISIONS 


The committee recommends that the 
Tentative Method of Test for Resis- 
tance Characteristics of Microcontacts 
(B 326-— 58 T)* be approved for reference 
to letter ballot of the Society for adop- 
tion as standard with revisions as ap- 
pended hereto.‘ 


REAPPROVAL OF STANDARDS 


The committee recommends the reap- 
proval of the following standards which 
have stood for more than six years with- 
out revision: 


Standard Method of Test for: 


Resistivity of Metallically Conducting Resist- 
ance and Contact Materials (B 63 - 49). 

Thermoelectric Power of Electrical Resistance 
Alloys (B 77 — 33), 


1 See p. 232. 

2 1959 Supplement to Book of ASTM Stand- 
ards, Part 3. 

31958 Book of ASTM Standards, Part 3. 

*The revised standard appears in the 1961 
Book of ASTM Standards, Part 3. 
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Temperature-Resistance Constants of Alloy 
Wires for Precision Resistors (B 84 — 52), 

Temperature-Resistance Constants of Sheet- 
Materials for Shunts and Precision Resistors 
(B 114-45), 

Effect of Controlled Atmospheres Upon Alloys 
in Electric Furnaces (B 181 - 50), 

Life Test of Electrical Contact Materials 
(B 182-49), and 

Hardness of Electrical 
(B 277 - 55). 


Contact Materials 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Electrical Heating 
and Resistance Materials (C. W. Arm- 
strong, chairman) has been reviewing 
the specifications which come under its 
jurisdiction and certain changes will be 
recommended. 

Subcommittee I has taken over juris- 
diction from Subcommittee II of 
B 181-50, Standard Method of Test 
for Effect of Control Atmospheres Upon 
Alloys in Electric Furnaces. It is being 
retained in Committee B-4 even though 
the other activities of Subcommittee II 
have been transferred to Committee 
A-10 on Iron-Chromium, Iron-Chro- 
mium-Nickel, and Related Alloys. 
Subcommittee I wiil review shortly the 
Tentative Method of Accelerated Life 
Test of Iron-Chromium-Aluminum AlI- 
loys for Electrical Heating (B 78 - 59 T). 

A specific effort is being made to 
interest consumers in further work on 
Specification B 267 - 60 T for Wire for 
Use in Wirewound Resistors. 

Subcommitiee II on Wrought and Cast 
Alloys for Structural Use at High Tem- 
peratures has been discharged. The 
activities, except those noted above, 
have been taken over by ASTM Com- 
mittee A-10. 


5 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are on 
record at ASTM Headquarters. 
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Subcommittee III on Thermostat Metals 
(U. U. Savolainen, chairman) is investi- 
gating additional properties of thermo- 
stat bimetals which now include flexivity, 
thermal emissivity, thermal conductiv- 
ity, corrosion, thermal deflection rate of 
coils, and bond strength. In addition, a 
bibliography on thermostat metals is in 
preparation which will cover all of the 
important publications in this field. 

Subcommitiee IV on Contact Materials 
(J. D. Kleis, chairman) is continuing to 
promote the applicability of a test 
machine as described by Specification 
B 182 — 49 to include tests on the weld- 
ing characteristics of contact materials, 
especially on contact bounce and its 
effect on welding. 

The subcommittee prepared for criti- 
cism the proposed Definitions of Terms 
Relating to Electric Contacts and Their 
Use, appended hereto.' 

Work is continuing on high current 
contacts to evaluate test procedures for 
measuring the erosion rates of refractory 
materials under arcing circumstances, 
and on microcontacts with an investiga- 
tion of the characteristics of the ma- 
chine described in Tentative Method 


B 326-58T and the contact bounce 
which is developed on this machine. 

Atmospheric exposure tests with 
crossed wire contacts are in progress at 
the ASTM test sites at Newark, N. J., 
and Kure Beach, N. C. Efforts are being 
made to expand this activity, and inter- 
ested companies are being solicited for 
funds. 

In the field of sliding contacts, it has 
been decided that this work will be 
limited initially to metal to metal con- 
tacts and arrangements are being made 
to test under controlled humidity cir- 
cumstances. In addition, this work will 
investigate various lubricating materials. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 81 members; 63 members 
returned their ballots, of whom 58 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
Ere I. SHosert II, 
Chairman. 
C. K. STROBEL, 


Secretary. 
EpItorIAL NOTE 


Subsequent to the Annual Meeting, Committee B-4 presented to the Society through 
the Administrative Committee on Standards the recommendation that the Standard 
Method of Test for Temperature-Resistance Constants of Alloy Wires for Precision Re- 
sistors (B 84 — 52) be revised and reverted to tentative. This recommendation was accepted 
by the Standards Committee on September 12, 1961, and the revised tentative method : 
appears in the 1961 Book of ASTM Standards, Part 3. ’ 
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CONTACTS AND THEIR USE!:?2 
a 
if ie These are proposed definitions and are published as information only. 
ie Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa 


of the literature of electric contacts. 


A-Spot.—The conducting areas of two mat- 
ing contacts through which current flows 
from one contact to the other. 

Activation.—The contamination of the metal 

surface of a contact that gives rise to 

greater arcing (during either the “making” 
or “breaking” of an electrical circuit) 
than would occur at clean surfaces. This 

_ phenomenon is produced by repeated 

operation of a pair of current-carrying 

contacts in the presence of organic vapor. 

Ambient Atmosphere.—The atmosphere sur- 
rounding the contacts. 

Anode Arc.—The arc that occurs when the 
contact spacing is less than the critical 
value that depends on the current and 

; contact material. The anode spot is small 


and heated to a higher temperature than 

the cathode spot. Material transfer is 

from the anode to the cathode. 

Anodic Transfer.—Material transfer from 
the anode. 

Arc.—A self-sustaining electric discharge 


1These proposed definitions are under the 
jurisdiction of the ASTM Committee B-4 on 
Metallic Materials for Thermostats and for 
Electrical Resistance, Heating, and Contacts. 

? Published as information only, June, 1961. 
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INTRODUCTION a 


The terms included in this list are those that are peculiar to electric con- 
tacts or general terms that have a specific meaning when related to electric 
contacts. The definitions were prepared assuming that the reader has a gen- 
eral knowledge in a physical science but is unfamiliar with the terminology 


ow 


3 PROPOSED DEFINITIONS OF TERMS RELATING TO ELECTRIC 


characterized by a high cathode tempera- 
ture, low cathode voltage drop, and high 
current density. 

Arc Transfer.—Material transfer that occurs 
due to the action of an arc. 

Blowout.—The displacement and lengthen- 
ing of an arc to facilitate extinction. This 
blowout effect can be achieved by mag- 
netic field, air blast, etc. 

Bridge Transfer.—Material transfer that 
occurs without the presence of an electrical 
discharge. The bridge of molten contact 
material that connects the two separating 
contacts does not rupture in the middle, 
thus there is a gain of material on one 
contact and a loss of material from the 
other. 

Brush Force.—See Contact Force. 

Butting Contacts.—Contacts that close 
without sliding or rolling action but move 
in a direction perpendicular to the contact 
faces. 

Carbonaceous Deposits.—Particles of car- 
bon, or of material of high carbon content, 
that are the result of decomposition of 
organic matter by an electrical discharge 
or are generated external to the contact 
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system and arrive at the contact as a 
contaminant. 

Cathode Arc.—The arc that occurs when 
the contact spacing exceeds the critical 
value that depends on the current and 
contact material. The cathode spot is 
smaller than the anode spot and thus is 
heated to a higher temperature. Material 
transfer is from the cathode to the anode. 

Cathodic Transfer.—Material transfer from 
the cathode. 

Constriction Resistance.—The portion of 
contact resistance that results from the 
lines of current being bent and constricted 
because the current can flow from one 
contact to the other only through the 
a-spots. 

Contact Closing Force.—The dynamic 
force between the contacts during closure. 

Contact Force.—The force holding contacts 
together. 

Contact Pressure.—The force per unit area 
of physical contact. This term is fre- 
quently used improperly when contact 
force is meant. The area of physical 
contact is difficult to determine and is 
usually quite different from the apparent 
area of contact. 

Contact Resistance.—The resistance offered 
to the flow of current by a pair of closed 
contacts. 

Contaminant.—A foreign material present 
on, or in, the contact surface. 

Deformation, Mechanical.—A change in 
shape produced by mechanical means. 

Delamination.—Separation at the interface 
of a composite material. Also used to 
describe a laminar separation in a homo- 
geneous material due to a fault. 

Erosion, Electrical—The loss of contact 
material due to action of an electrical 
discharge. 

Film.—An adherent layer of a foreign sub- 
stance on the contact surface. 

Fine Transfer.—See Bridge Transfer. 

Fritting (A-Fritting)—An electric break- 
down between mating metallic contacts, 
separated by an insulating film, which 
occurs when the field strength exceeds 
approximately 1,000,000 v per cm and 
results in metallic bridges through the 
film. 
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Fritting Voltage.—The value of voltage at 
which fritting occurs. 

Glow Discharge.—A self-sustaining electric 
discharge characterized by a relatively 
low cathode temperature, high cathode 
voltage drop, and low current density, 
commonly occurring under conditions of 
relatively low pressure. 

High Resistance.—Contact resistance ex- 
ceeding an arbitrary specified limit. 

Inrush Current.—A transient current that 
exists at the instant of contact closure and 
persists for a relatively short time. 

Load Current.—The number of amperes 
carried in an electrical circuit. 

Lock.—See Mechanical Interlock. 

Material Transfer—The carry-over of 
material from one contact to the other of 
a mating pair of contacts. 

Mechanical Deformation.—See Deformation, 
Mechanical. 

Mechanical Interlock.—The condition where 
contacts do not separate because of the 
interference of surface asperities. 

Mechanical Wear.—See Wear, Mechanical. 

Metal Transfer.—See Material Transfer. 

Needle Transfer.—Material transfer that 
results in a build-up with a small diameter 
and a relatively great length. 

Negative Transfer.—Material transfer that 
results in build-up on the negative con- 
tact. Care should be used not to confuse 
this term with Cathodic Transfer. 

Opening Force.—The force available to 
open the contacts. 

Pitted Contact.—A contact that has 
numerous discrete hollows in its surface. 
Plasma.—A luminous highly ionized column 
between cathodic and anodic regions 
characterized by relatively small space 
charges—about an equal number of 
positive and negative carriers per cubic 

centimeter. 

Positive Transfer.—Material transfer that 
results in a build-up on the positive 
contact. Care should be used not to 
confuse this term with Anodic Transfer. 

Shortest Arc.—An arc with no plasma, or 
the plasma is so short that its voltage 
drop is negligible. No arc can burn with 
a length that is shorter than the thickness 
of the cathode layer. 
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Showering.—Sometimes used to describe 
transient electric discharges. 

Sliding Contacts.—Contacts where the 
motion of one contact is parallel to the 
surface of the mating contact. 

Spark.—A_ short-lived electric discharge 
that may be an arc, glow discharge, or a 
discharge in the state of development 
before equilibrium. 

Static Contacts.—An electrical junction 
connected or separated infrequently. 

Steady-State Current.—The value of current 
that exists essentially unchanged for 
long periods of time. 

Stick.—A failure of contacts to separate. 
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Sulfide.—The result of the chemical reaction 
of the contact material with sulfur. See 
also Tarnish. 

Supply Voltage.—The potential available 
at the source of electric current. 

Tarnish.—The chemical compound on the 
surface of a contact resulting from the 
reaction of the contact material and the 
surrounding atmosphere. 

Wear, Mechanical.—The loss of contact 
material due to mechanical action. 

Weld.—A metallic bond between mating 
contacts as a result of electric heating and 
contact pressure. 

Wiping Contacts.—Contacts that have some 
sliding motion during opening or closing. 
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Committe B-5 on Copper and Copper 
Alloys, Cast and Wrought, held two 
meetings during the year: at Niagara 
Falls, Ont., Canada, in September, 1960, 
and at New York City in January, 1961. 
At both of these sessions the Executive 
Subcommittee, Subcommittees W-1, 
W-2, W-3, W-4, F-1, G-3, and several 
task groups met. At the January session, 
the Supervisory Group to ASA on 
ISO/TC-26 also met. 

The committee consists of 131 mem- 
bers of whom 104 are voting members; 
43 are classified as producers, 37 as 
consumers; and 24 as general interest 
members. 

The committee regrets to report the 
death on March 25, 1961, of Sidney 
Rolle, who was active in the committee 
for many years, was chairman of the 
Joint Committee on Classification of 
Coppers from its establishment until 
November, 1960, and was a member of 
the Supervisory Group to ASA on ISO/ 
TC 26. 

Appointments within the committee 
were: W. D. France, First Vice-Chair- 
man, as Membership Chairman, M. L. 
Steinbuch as Vice-Chairman of Sub- 
committee F-1, on Cast Products, and 
W. E. Sartor as Secretary of Subcom- 
mittee W-4. 

Appointments of representatives to 
other ASTM committees were: W. J. 
Anderson to Committee E-3 on Chemical 
Analysis of Metals; K. B. Bissell to 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 
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Committee E-1, Task Group C on 
Thermal Conductivity for Metals; E. J. 
Hagan to Committee E-10 on Radio- 
isotopes and Radiation Effects; E. H. 
Kinelski to Committee B-3 on Corrosion 
of Non-Ferrous Metals and Alloys; W. 
E. Sartor to Committee E-7 on Non- 
destructive Testing and to Committee 
E-11 on Quality Control of Materials; 
and Stephen Teleshak to Committee 
E-1, Subcommittee 30 on Bend Test for 
Ductility. Other representatives ap- 
pointed were: W. D. France to ASTM 
Division of Materials Sciences; M. F. W. 
Heberlein to ASA Sectional Committee 
C-7 on Bare Electrical Conductors; and 
J. M. Keyes to SAE Non-Ferrous Metals 
Technical Committee. 

At the September meeting, a paper 
entitled ‘“The Tensile Properties of Hard- 
Drawn Alloy A Phosphor Bronze Rod,’ 
by G. R. Gohn and W. G. Bader of Bell 
Telephone Laboratories, was presented 
by G. R. Gohn. At the January meeting 
the following two papers were presented: 
“Pressure Differential Testing of Tub- 
ing,”? by G. H. Symons of Wolverine 
Tube Division of Calumet & Hecla, 
Inc.; and “Properties of 60-40 Copper- 
Nickel Alloy at Temperatures Ranging 
Up to 1050 F’’, by W. F. Simmons of 
Battelle Memorial Institute and B. J. 
Sirois of Phelps Dodge Copper Products 
Corp. An added highlight of the Septem- 

1 Published in Proceedings, Am. Soc. Testing 
Mats., Vol. 60, p. 843 (1960). 

2To be published in Materials Research & 


Standards. 
3 See p. 247. 
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ber meeting was a social hour sponsored 
by the new representatives of the Ca- 
nadian Standards Assn. to Committee 
B-5. 


RECOMMENDATION ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the 1960 Annual Meet- 
ing, Committee B-5 presented to the 
Society through the Administrative 
Committee on Standards a recommenda- 
tion for revision and reversion to tenta- 
tive of the Standard Specification for 
Bronze Castings for Bridges and Turn- 
tables (B 22 — 52). This recommendation 
was accepted by the Standards com- 
mittee on December 5, 1960, and the 
revised specification was published as a 
separate reprint. As noted under activi- 
ties of Subcommittee F-1, Specification 
B 22 again is being adopted as standard. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The committee is recommending 4 


new specifications for publication—3 as 
standards for immediate adoption and 
1 as tentative; the adoption as standard 
of 3 tentatives—1 without revision and 
2 with revision; the adoption as standard 
of 1 tentative revision; the revision of 21 
standards for immediate adoption; the 
reapproval of 16 standards; and the with- 
drawal of 1 standard. 

The standards and tentatives affected, 
together with the revisions recom- 
mended, are covered in detail in the 
Appendix to this report.‘ 


The recommendations in this report 
have been submitted to letter ballot 
of the committee, the results of which 
will be reported at the Annual Meeting.® 


4 See p. 240. 
5 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 


ACTIVITIES OF SUBCOMMITTEES 


Executive Subcommiitee (W. H. Jen- 
nings, chairman).—Seven replacement 
liaison appointments were arranged; and 
new liaison appointments were arranged 
to Committee E-1, Task Group C on 
Thermal Conductivity Test for Metals, 
Committee E-10 on Radioisotopes and 
Radiation Effects, and the ASTM Divi- 
sion of Material Sciences. It was decided 
not to establish liaison with Committees 
E-15 on Industrial Chemicals and E-19 
on Gas Chromatography. 

Action was taken to establish Joint 
Task Groups for Surface Oxidation of 
Oxygen-Free Copper and for Specifying 
Lengths. 

ASTM Headquarters was requested to 
prepare a 1960 edition of the Compilation 
of Standards on Copper and Copper 
Alloys as sponsored by Committee B-5. 

Other items considered by this sub- 
committee included industry needs for 
ASTM specifications, use of non-voting 
proxies, and work of the Joint Committee 
on the Classification of Coppers. 

Work under way or under considera- 
tion comprises a study of packing and 
marking requirements, the preparation 
of specifications on fasteners, a study 
of methods for indicating revisions to 
specifications, the recommendation of 
specifications for adoption by ASA, and 
the heat treatment requirements in 
specifications adopted by the ASME 
Boiler and Pressure Vessel Committee. 

Subcommitiee W-1 on Plate, Sheet and 
Strip (A. E. Moredock, chairman) sub- 
mitted a new specification on Copper 
Sheet for Building Construction. Revi- 
sions were recommended to add length 
and width tolerances to Specifications 
B 11, B 96, and B 100; to incorporate new 
CABRA straightness tolerances in speci- 
fications B 19, B 130, B 248, and B 291; 
to revise Table II and to delete Rockwell 
F scale values in specification B 36; and 
to incorporate revisions and to delete 
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Rockwell G values from Table I of 
specification B 103. Reapproval was 
recommended for standard specifications 
B 129, B 131, and B 169. 

Work under way includes (1) the 
development of new specifications for: 
copper foil, sheet and strip for printed 
circuits; strip for flexible hose; copper- 
nickel-silicon sheet and strip; and copper- 
alloy clad steel plate, with liaison from 
Committee A-1, Subcommittee XI; and 
(2) the revision of specifications: B 36, 
B 122, and B 131 to add limits on impuri- 
ties; B 100 as regards mechanical require- 
ments; B 103 to modernize hardness 
values; B 122 to modernize hardness 
requirements, and to add 90/10 copper- 
nickel alloy and requirements for an- 
nealed copper-nickel alloys; B 194 for 
general improvements; and B 248 as 
regards sections on sampling and retests. 
A joint study with Subcommittees W-2 
and W-4 is being made on the surface 
oxidation of oxygen-free copper; and 
there is a study on non-uniformity of 
grain size in thin strip. 

Subcommittee W-2 on Rod, Bars and 
Shapes (O. A. Klema, chairman), sub- 
mitted a new specification on Copper- 
Zinc-Silicon Alloy Rod. 

Revisions were recommended for speci- 
fication B 12 to add length tolerances; 
for specification B 124 to change from 
“exact” to “specific” when specifying 
lengths; and for specification B 249 as 
required to cover the new standard 
Specification for Copper-Zinc-Silicon 
Alloy Rod. Reapproval was recom- 
mended for Standard Specification B 124. 

Work under way includes (1) the 
development of new specifications on 
low-leaded brass rod; and _ copper- 
nickel-silicon alloy rod and bar; and (2) 
the revision of specifications: B 16, 
Tables I and II; B 21 and B 140, as 
regards tensilé strength requirements; 
B 151 on hardness requirements; B 124 
and B 283 for list of alloys; B 187 and 
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B 249 on retest sections; B 196 for 
general improvement; and B 283 for 
mechanical properties. There is a joint 
study with Subcommittees W-1 and W-4 
on the surface oxidation of oxygen-free 
copper. 

Subcommittee W-3 on Wire and Wire 
Rod (M. J. Mianulli, chairman) has 
recommended revisions to change the 
tensile strength requirements on an- 
nealed alloy B in specification B 99; to 
add better references to specification 
B 250 on dimensional tolerances in speci- 
fication B 197; and to specify minimum 
sizes of wire to which straightness 
tolerance apply in specifications B 250 
and B 272. Adoption as standard was 
recommended for tentative specifications 
B 250 and B 272. Reapproval was recom- 
mended for Standard Specification B 134. 

Work under way includes (1) the de- 
velopment of a new specification for 
copper-nickel-silicon alloy wire; and (2) 
the revisions of specifications: B 134 
to add limits on impurities, B 134 and 
B 250 on requirements for rectangular 
and square wire, and B 197 for general 
improvements. 

Subcommittee W-4 on Pipe and Tube 
(J. M. Keyes, chairman) submitted a 
new Specification for Seamless Rec- 
tangular Copper and Copper Alloy 
Wave Guide. 

Revisions were recommended for the 
following specifications: B 88, to include 
dimensional tolerances and general re- 
quirements previously contained in 
B 251; B 75, B 135, B 188, and B 251 to 
add twist tolerances on square and rec- 
tangular tube; B 188, B 251, B 302, 
B 306, and B 315 to clarify squareness of 
cut; B 188 and B 251 as required by the 
rewriting of B 88; and B 302 to change 
from “nominal size” to “standard size”’ 
in several places. Withdrawal of Speci- 
fication B 13 was recommended, since a 
survey has shown that this specification 
is no longer in general use. 
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Work under way includes (1) the 
development of new specifications on 
welded copper and copper alloy tube; 
and “U” bend copper and copper alloy 
heat exchanger and condenser tube; and 
(2) the revision of specifications: B 43, 
B 111, and B 135 to add limits on im- 
purities; B111 to add 60/40 copper- 
nickel alloy; B 280 to add 1 in. and 
1f-in. type L sizes of water tube; and 
B 315 to add Alloy B of B 97. There is a 
joint study with Subcommittees W-1 
and W-2 on the surface oxidation of 
oxygen-free copper, and also a study on 
microporosity in oxygen-free copper. 

Subcommitiee F-1 on Castings and In- 
gots for Remelting (G. H. Clamer, chair- 
man) submitted a new Specification 
for Copper-Nickel Alloy Castings. Re- 
visions were recommended for the fol- 
lowing specifications: B 143 and B 145 
to add requirements on impregnation of 
castings. Adoption as standard was rec- 
ommended for Tentative Specification 
B 22. Reapproval was recommended for 
Standard Specifications B 52, B 53, B 66, 
B 67, B 132, B 144, B 146, B 147, B 148, 
B 149, B 198, and Classification B 119. 

This subcommittee has worked out a 
program whereby ASTM specifications 
on copper alloy castings are used by the 
Manufacturers Standards Society, and 
all MSS material specifications have been 
discontinued. 

Work under way includes efforts to 
promote the use of ASTM specifications 
on copper-alloy castings for Government 
purchases by means of suitable specifica- 
tion development; modification of chemi- 
cal analysis sections of all Subcommittee 
F-1 specifications to include methods of 
spectrographic analysis; review of speci- 
fications B 30, B 145, B 271 and Classi- 
fication B 119 for changes needed be- 
cause of change in title of Specification 
B 62; and proposed change in wording of 
Classification B 119 as regards limit on 


zinc. 


Subcommittee G-1 on Methods of Test 
(P. J. Strubhar, chairman) has under con- 
sideration the development of recom- 
mendations for revision of Table I of 
Specification B103 and Table II of 
Specification B 122 to follow the pattern 
of the proposed revision of Table II of 
Specification B 36; and improvements in 
Methods E-8 to be recommended to 
Committee E-1. 

Subcommittee G-2 on Tolerances (J. E. 
McGraw, chairman) continued to main- 
tain excellent work relations with the 
Copper and Brass Research Assn. and 
received help from them on specific 
problems. The actions by Subcommittee 
W-1 on straightness tolerances and Sub- 
committee W-3 on minimum size of rec- 
tangular and square wire to which 
straightness tolerances apply were based 
on recommendations by Subcommittee 
G-2. 

Subcommittee G-3 on Editorial and Pub- 
lications (W. F. Roeser, chairman) gave 
considerable assistance to other subcom- 
mittees by continuing to review new and 
revised specifications for editorial con- 
sistency, and taking a prominent role in 
proposed revisions for the sampling and 
retest requirements of Specifications 
B188 and B 249. Recommendations 
were made on the Proposed Recommen- 
dations on Form of ASTM Methods of 
Test. 

Possible revisions are under considera- 
tion for sampling and retest sections of 
Specifications B 248, B 249, B 250, and 
B 251. 

Supervisory Group to ASA on ISO/ 
TC-26 (W. H. Jennings, chairman) ap- 
proved the Draft Proposal ISO/TC-26 
(Secretariat-39) 68 on Copper Wire 
Bars, Cakes, Slabs, Billets, Ingots and 
Ingot Bars. It was recommended that 
ASA participate in the work of TC/26 
Subcommittee 1 on Chemical Analysis, 
with interest only in copper; and due to 
lack of USA interest, ASA consider dis- 
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continuance of participation in work of 
TC-26 Working Group 3 on Castings. 
Eight WG-1 first draft proposals on test 
methods and six WG-2 first draft pro- 
posals on classification of wrought prod- 
ucts were voted upon. 

Work under way includes planning for 
USA delegates to attend the meeting of 
ISO/TC-26 on June 20-24, 1961, at 
Koln/Rhein, Germany, planning for a re- 
lated meeting of WG-4, and obtaining 
the help of Committee E-3 on Chemical 
Analysis of Metals in the development of 
ISO chemical analysis methods for 
coppers. 

Floyd H. Wasser has been made a 
member of the Supervisory Group, re- 

lacing A. E. Beck, who resigned due to 


EpIToRIAL NOTE 


Subsequent to the Annual Meeting, Committee B-5 presented to the Society through 
the Administrative Committee on Standards a tentative revision of the Standard Specifica- 
tion for Seamless Copper and Copper-Alloy Rectangular Wave Guide Tube (B 372 - 61). 
The tentative revision was accepted by the Standards Committee on November 7, 
1961, and appears in the 1961 Book of ASTM Standards, Part 2. 
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change of duties. John R. Freeman, Jr., 
has been added to the group and has been 
made Chairman of WG-4, in place of A. 
E. Beck. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 104 members; 96 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
W. H. JENNINGS, 


— Chairman. 
G.C. MutcH, 
Seer 
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In this Appendix recommendations are 
given affecting certain specifications, 
both standard and tentative, referred to 
earlier in this report. The specifications 
appear in their present form in the 1958 
Book of ASTM Standards, Part 2 or in 
the 1959 and 1960 Supplements to Book 
of ASTM Standards, Part 2; and in the 
1960 edition of the B-5 Compilation. 


NEw STANDARDS, IMMEDIATE ADOPTION 


The committee recommends that the 
following specifications as appended 
hereto! be approved for reference to letter 
ballot of the Society for adoption as 
standards and accordingly asks for the 
necessary nine-tenths affirmative vote at 
the Annual Meeting in order that the 
specifications may be referred to letter 
ballot of the Society: 

Standard Specifications for: 


Copper Sheet and Strip for Building Con- 
struction, 

Copper-Zinc-Silicon Alloy Rod, and 

Seamless Copper and Copper-Alloy Rectangular 
Wave Guide Tube. 


New TENTATIVE 


The committee recommends for publi- 
cation as tentative the Specification for 
Copper-Nickel Alloy Castings as ap- 
pended hereto.’ 


ADOPTION OF TENTATIVE AS STANDARD 
WirnHout REVISION 
The committee recommends that the 


1 The new standards and tentative appear in 
the 1961 Book of ASTM Standards, Part 2. 
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CAST AND WROUGHT 


Tentative Specification for Bronze Cast- 
ings for Bridges and Turntables (B 22 - 
60 T) be approved for reference to letter 
ballot of the Society for adoption as 
standard without revision. 


ADOPTION OF TENTATIVES AS STANDARD 
WITH REVISION 


The committee recommends that the 
following tentative specifications be ap- 
proved for reference to letter ballot of the 
Society for adoption as standard with re- 
visions as indicated: 


Tentative Specification for General Re- 
quirements for Wrought Copper-Alloy 
Wire (B 250 - 60 T): 


Table IX.—Revise to conform to in- 
dustry practice of CABRA Schedule 
FP-7, as shown in the accompanying 
Table I,? retaining the present table title 
and parenthetical references to ASTM 
designations. 


Tentative Specification for Flat Copper 
Products with Finished (Rolled or 
Drawn) Edges (Flat Wire and Strip) 
(B 272 - 60 T): 


Table VI.—Revise to conform to in- 
dustry practice of CABRA Schedule 
FP-7 as shown in the accompanying 
Table I? 


2The new tables are not included in this re- 
port but appear in the revised specification; see 
1961 Book of ASTM Standards, Part 2. 


240 


a 
t 
t 
f 


Ve 


ADOPTION OF TENTATIVE REVISIONS AS 
STANDARD WITH REVISION 


The committee recommends that the 
tentative revisions of Section 1(a), 
Table I, and Table II of the Standard 
Specification for Phosphor Bronze Plate, 
Sheet, Strip, and Rolled Bar (B 103 — 60) 
approved for reference to letter ballot of 
the Society for adoption as standard with 
the following revision: 


Table II.—Delete Rockwell G values 
from the revised Table II where they now 
appear, as they are not being used. 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society: 


Standard Specification for Copper Plates 
fo. Locomotive Fireboxes (B 11 — 58): 


Section 12——Change the heading to 
read “Dimensions, Weights, and Permis- 
sible Variations.” Letter the present 
Section 12 as Paragraph a and add the 
following new Paragraphs (0), (c), and 
(d): 


(6) Length tolerances for square sheared 
metal in all widths 120 in. and under for all 
lengths shall be plus and minus 7g in. If toler- 
ances are specified as all plus or all minus, 
double the values given. 

(c) Length tolerances for sawed metal for all 
widths up to and including 120 in. shall be plus 
and minus } in. If tolerances are specified as all 
plus or all minus, double the values given. 

(d) Width tolerances for square sheared metal 
or sawed metal for widths up to and including 
120 in. for all thickness, shall be plus and minus 
sin. If tolerances are specified as all plus or all 
minus, double the values given. Se 
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Standard Specification for Copper Rods 
for Locomotive Staybolts (B 12-58): 


Section 12—Delete the present Sec- 
tion 12 and Note 3 and replace with the 
following under the heading “Dimen- 
sional Tolerances:” 


12. (a) For the purpose of determining con- 
formance with the dimensional requirements 
prescribed in this specification, any measured 
value outside the specified limiting values for 
any dimension may be cause for rejection. 

(b) Diameter.—The rods shall be round within 
0.01 in., and shall not vary more than 0.01 in. 
over nor more than 0.005 in. under the specified 


size. 

(c) Length.—The material shall be furnisdeh 
in stock lengths with ends, unless the order 
specifies stock lengths, specific lengths, or 
specific lengths with ends. Length tolerances and 
schedule of lengths shall be as prescribed in 
Tables I and II. 


New Tables—Add new Tables I and 
II as shown in the accompanying Tables 
II and III.” 


Standard Specification for Cartridge 
Brass Sheet, Strip, Plate, Bar, and 
Disks (B 19 — 58): 


Table XI.—Revise the straightness 
tolerances for slit metal and slit metal 
with rolled edges, to conform with in- 
dustry practice of CABRA Schedule 
FP-4 as follows: 


Straightness Tolerance, in 
As Slit and 
Either 
As Slit Only | Straigh- 
Width, in. Edge 
Rolled 
Shi Shi 
in | Pist | Rolls, or 
Rolls on Bucks 
Over 14 to inel...... 2 | 1g 
Over 3¢ to inel...... 14 
Over }4 to 1, inel....... 1 34 1g 
Over i to 2, incl........ 5¢ 
Over 2 to 4, incl........ 


{ 
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Standard Specification for Brass Plate, 
Sheet, Strip, and Rolled Bar (B 36- 
60): 

Table II.—Revise Table II to conform 

to most recent practice, as shown in the 

accompanying Table IV.? 


Standard Specification for Seamless Cop- 
per Tube (B 75 — 60): 


Section 14.—Add a new Paragraph (i) 
to read: ‘“(i) Twist Tolerances for Rec- 
tangular and Square Tubes.—See Section 
8(1).” 

Table V.—Change the last part of the 
heading of the first column to read: 
Distance Between Parallel Outside 
Surfaces, in.” 


Standard Specification for Seamless Cop- 
per Water Tube (B 88 — 58): 


Revise as appended hereto.* 


Standard Specification for Copper-Sili- 
con Alloy Plate and Sheet for Pressure 
Vessels (B 96 — 58): 


Section 11.—Change the heading to 
read “Dimensions, Weights, and Permis- 
sible Variations.”’ Letter the present Sec- 
tion 11 as Paragraph a and add new 
Paragraphs }, c, and d, as shown above 
for Section 12 of Specifications B 11. 


Standard Specifications for Copper-Sili- 
con Alloy Wire for General Purposes 
(B 99 — 54): 

Table II.—Under alloy B, change ten- 
sile strength of annealed temper from 
43,000 to 55,000” to “38,000 to 55,000” 
psi. 

Standard Specification for Rolled Cop- 


per-Alloy Bearing and Expansion 
Plates and Sheets for Bridge and Other 


Structural Uses (B 100 — 58): 
Section 9.—Change the heading to read 


“Dimensions, Weights, and Permissible 


*The revised standard appears in the 1961 


Book of ASTM Standards, Part 2. Size, in.” 
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Variations.” Letter the present Section 9 
as Paragraph a, and add new Paragraphs 
(6), (c), and (d), as shown above for Sec- 
tion 12 of Specifications B 11. 


Standard Specification for Commercial 
Bronze Strip (B 130 — 58): 


Table VIII.—Revise the straightness 
tolerances for slit metal and slit metal 
with rolled edges to conform to industry 
practice of CABRA Schedule FP-4, as 
indicated above for Table XI of Specifi- 
cations B 19. 


Standard Specification for Seamless 
Brass Tube (B 135 — 60): 


Section 11.—Add a new Paragraph (i) 
to read: “(i). Twist Tolerances for Rec- 
tangular and Square Tubes.—See Section 
8(1).” 

Table III.—In the heading of the 
second column, delete the word ‘“An- 
nealed.” 


Standard Specification for Tin Bronze 
and Leaded Tin Bronze Sand Castings 
(B 143 — 52): 

Section 13.—Add a new Paragraph (c) 
to read as follows, relettering the present 
paragraph (c) and subsequent para- 
graphs accordingly: 

Impregnated castings may be employed where 
agreement is reached between producer and 
consumer covering impregnant procedure and 
marking. 

Standard Specification for Leaded Red 
Brass and Leaded Semi-Red Brass 
Sand Castings (B 145 — 52): 


Section 13.—Revise as indicated above 
for Section 13 of Specification B 143. 
Standard Specification for Seamless Cop- 

per Bus Pipe and Tube (B 188 — 60): 


Section 3.—Change the heading to read 
“Ordering Information.” 

Table II I.—Change the heading of the 
first column to read “Standard Pipe 
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Table IV.—Change the heading of the 
second column to read “Nominal Outside 
Diameter, in.” 

Change the major heading over Col- 
umns 5 through 10 to read “Nominal 
Wall Thickness and Tolerances, in.” 

Change heading over Columns 5, 7, 
and 9 from “Nominal” to “Wall Thick- 
ness.” 

Add a Footnote 6 referenced to head- 
ing ‘“Tolerance” in Columns 6, 8, and 10. 
to read: “Maximum deviation at any 
one point.” 

Add a Footnote c referenced to the two 
type M tolerances for size §-in. tube 
which are now blank to read: “The ma- 
terial is either not generally available or 
no tolerance has been established.” 

Add the following columns to Table IV 
under a new major heading “Cross- 
Sectional Area of Wall, sq in.” 


Standard Size, in Type K | TypeL | Type M 
ae 0.069 0.051 0.037 
0.089 0.074 0.053 
0.165 | 0.117 0.084 
0.217 0.169 0.120 
0.268 0.228 0.176 
0.351 0.295 0.292 
Sar 0.755 | 0.640 0.523 
1.03 0.858 0.691 
1.32 1.11 0.924 
ha 1.68 1.39 1.20 
2.50 1.96 1.72 
3.58 2.63 2.70 
6.69 4.98 4.25 
10.4 7.76 6.60 


Section 13—Change Paragraph (d) to 
read “...the various standard sizes 
shall be as prescribed in Table III.” 

In Paragraph (e), change the word 
“nominal” in line 4 to read “standard.” 

Revise Paragraph (7) to read: 


(j) Length and Tolerances for Water Tube.— 
The standard length and tolerances for copper 
water tube sizes shall be as follows: == 
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Tupes FurRNISsHED IN StraicHT LENGTHS 


Standard | Toler- 
Standard Size, in. Type Length, | ance, All 
ft Plus, in. 
Up to 8, incl K, L, M 20 1 p, 
See M 20 1 
Tupes FuRNISHED 1N CoILs 
Standard | Toler- 
Standard Size, in. Type Length, | ance, All 
ft Plus, ft 
Up to 1, incl... K,L 60 and 2 
14 and1}4....) K,L 60 2 
K, L 40 1 


Change Paragraph (/) to read as fol- 
lows: 


Squareness of Cut.—The departure from 
squareness of the end of any tube shall not 
exceed the following: 

(1) Round Tube or Pipe.—For tube or pipe 
up to and including § in. in outside diameter, 
the departure from the square shall not exceed 
0.010 in.; for tube or pipe over § in., the departure 
shall not exceed 0.016in. per inch of diameter. 

(2) Square and Rectangular Tube.—For 
tube up to and including $ in. in dimension across 
the measured section the departure from the 
square shall not exceed 0.016 in.; for tube over 
% in., the departure shall not exceed 0.025 in. 
per inch of distance between outside parallel 
surfaces. 


Add new Paragraph (p) to read as 
follows: 


(p) Twist Tolerances.—Rectangular and Square 
Tubes.—The maximum twist about the longi- 
tudinal axis of drawn temper rectangular and 
square tubes shall not exceed 1 deg per foot of 
length, measured to the nearest degree, and the 
total angle of twist shall not exceed 20 deg when 
measured in accordance with the method des- 
cribed in Appendix I. The requirement is not 
applicable to tubes in the annealed temper or 
to tubes whose specified major dimension is 
less than 3 in. 


Appendix I—Add a new Appendix I 
to read as follows under the heading 


9 
S 
J 
t 
1 
| 
| 
| 


244 . Report oF CoMMITTEE B-5 (APPENDIX I) 


“Method for Determining Twist in Rec- 
tangular and Square Tubes:” 


Ali. Measurements made to determine con- 
formance to the twist requirements of Section 
13(p) shall be as prescribed below. 

A2. This horizontal method of measurement 
with a protractor segment is unaffected by 
edgewise or flatwise curvature of the tube, and 
permits measurement of the total angle of twist 
to the nearest degree (0.5 deg). 

A3. The angle of twist shall be determined 
as follows (see Fig. 1): 

(a) The tube shall be placed on a flat hori- 
zontal reference plane. If the tube has noticeable 
flatwise curvature, it shall be positioned with 
the tube surface on the side of the convex curva- 
ture in contact with the reference plane. The 
surface at one end of the tube shall be held in 
intimate contact with the reference plane (Fig. 
1 (a)) by suitable means, while the other end 
of the tube remains free. 

(6) Using an engraved transparent protractor 
segment (Fig. 1 (c)), determine the angle line 
on the protractor which coincides to the nearest 
degree with the surface of the tube under con- 
sideration (Fig. 1(6)), while one end of the 
protractor segment contacts, or is kept parallel 
to the reference plane by means of parallel face 
blocks. 

(c) The angle line so found represents the 
total angle of twist for the length of tube under 
consideration. 


Figure 1.—Add a new Fig. 1 as shown 
in the accompanying Fig. 1.‘ 


Standard Specification for General Re- 
quirements for Wrought Copper and 
_ Copper-Alloy Plate, Sheet, Strip, and 
- Rolled Bar (B 248 — 59): 

Tables XI and XII—Revise the 
straightness tolerances to conform with 
industry practice of CABRA Schedule 
FP-4 as indicated above for Table XI of 
Specification B 19. 


Standard Specification for General Re- 
quirements for Wrought Copper and 
Copper-Alloy Rod, Bar, and Shapes 
(B 249 — 60): 


Add references to the new Standard 


4 The new figure is not included in this report 
but appears in the revised specification; see 1961 
Book of ASTM Standards, Part 2. 


Specification for Copper-Zinc-Silicon Al- 
loy Rod (B 371 - 61) as follows: 

Section 1.—Add title and designation 
number to present list. 

Section 3(c)—Add designation num- 
ber. 

Section 4(b).—Add designation num- 
ber opposite “225 g.” 

Section 8(b).—Add designation num- 
ber to the paragraph starting “Table II.” 

Section 8(c).—Add designation num- 
ber to the paragraphs starting “Table 
XII” and “Table XIV.” 

Tables II, XII, XIV and XV.—Add 
designation number under titles of 
Tables II, XII, XIV, and XV. 

A ppendix.—Add the designation num- 
ber in the first column; in the second 
column, add the material ‘“‘copper-zinc- 
silicon alloy”; in the third column, add 
the alloy designations “A” and “B”; and 
in the fourth column, add the density 
values 0.296 and 0.300 for “A” and “B,” 
respectively. 


Standard Specification for General Re- 
quirements for Wrought Seamless 
Copper and Copper-Alloy Pipe and 
Tube (B 251-60): 


Section 1.—Delete B 88 from the list of 
specifications. 

Section 4(a).—In the paragraph 
headed “Portion Size,” change the word- 
ing in the table of the last item in left- 
hand column to read: “0.2 per cent of 
total number of pieces in the lot, but not 
to exceed 10 sample pieces.” In this same 
table, reference a new Footnote a to the 
heading of the second column, and add 
Footnote a to read: ““* Each sample piece 
shall be taken from a separate tube.” 

Section 8.—Delete Paragraphs (0) (2), 
(c) (2), and (d) (2). Renumber present 
Paragraph (d) (3) as (d) (2), and delete 
“and Water Tube” from heading. 

Delete Paragraph (e) (1). Renumber 
present Paragraph (e) (2) as (e) (1), and 

_ delete “and Water Tube” from heading. 
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Delete reference to B 88 from Para- 
graphs (f) and (g). Delete the last two 
sentences of Paragraph (g). 

Delete Paragraph (h) (4). 

Revise Paragraph (7) to read: 


(i) Squareness of Cut (Applicable to 

ASTM Designations B 42, B 43, B 68,B 75, and 

B 135.— The departure from squareness of the 

end of any tube shall not exceed the following: 


(1) Round Tube or Pipe.—For tube or pipe 
up to and including § in. in outside diameter, the 
departure from the square shall not exceed 0.010 
in.; for tube or pipe over } in., the departure 
shall not exceed 0.016 in. per inch of diameter. 

(2) Square and Rectangular Tube.—For 
tube up to and including § in. in dimension 
across the measured section the departure from 
the square shall not exceed 0.016 in.; for tube over 
§ in., the departure shall not exceed 0.025 in. 
per inch of distance between outside parallel sur- 
faces, 


Delete the words “copper water tube” 
from Paragraph (7) (1). 

Add a new Paragraph (/) to read as 
follows: 


(Ll) Twist Tolerances.—Rectangular and Square 
Tubes.—The maximum twist about the longi- 
tudinal axis of drawn temper rectangular and 
square tubes applicable to ASTM Designations 
B 75 and B 135 shall not exceed 1 deg per foot 
of length, measured to the nearest degree, and 
the total angle of twist shall not exceed 20 deg 
when measured in accordance with the method 
described in Appendix III. The requirement is 
not applicable to tubes in the annealed temper 
or to tubes whose specified major dimension is 
ess than } in. 


Appendix II.—Delete “B 88” from 
Column 1. 

Tolerance Tables.—Delete reference to 
Specification B 88 in Table VII. Delete 
the words “copper water tube” from 
Footnote a of Table X. 

Tables II and VIII —Delete these ta- 
bles and renumber remaining tables, but 
reference a footnote to the heading ‘“Tol- 
erance Tables” to read: 


As a consequence of the incorporation in the 
revised Specification for Seamless Copper Wa- 


ter Tube (ASTM Designation: B 88) of the ma- 
terial formerly appearing in Table II on Stand- 
ard Dimensions and Weights, and Tolerances in 
Diameter and Wall Thickness for Standard Cop- 
per Water Tube Sizes and Table VIII on Length 
Tolerances for Copper Tube in Coils, these tables 
were deleted from this Specification B 251 and 
subsequent tables were renumbered accordingly. 


Appendix III.—Add a new Appendix 
III to read as shown above for Appendix 
I of Specification B 188, except in Section 
Al refer to “Section 8(/).” 

Figure 1.—Add a Fig. 1 as shown in 
the accompanying Fig. 1.4 


Standard Specification for Copper-Zinc- 
Manganese Alloy (Manganese Brass) 
Sheet and Strip (B 291 — 60): 


Tables XII and XIII —Revise as in- 
dicated above for Table XI of Specifica- 
tion B 19. 


Standard Specification for Threadless 

Copper Pipe (B 302 — 60): 

Section 3(1).—Change “Nominal” to 
“Standard.” 

Table I.—Change “Nominal Pipe 
Size” to “Standard Pipe Size” in the 
first column. 

Section 13——Change “nominal sizes’ 
to “standard sizes” in paragraph (0). 

Change Paragraph (f) to read as fol- 
lows: 


(f) Squareness of Cut.—The departure from 
squareness of the end of any pipe shall not 
exceed the following: 


Pipe Size, Actual Outside Diameter, in. 
0.010 in. 
ee 0.016 in, per in. of diameter 


Standard Specification for Copper Drain- 
age Tube (DWV) (B 306-59): 
Section 11(f).—Change to read as fol- 

lows: 

(f) Squareness of Cut.—The departure from 


squareness of the end of any tube shall not ex- 
ceed the following: 


Tube Size, Actual Outside Diameter, in. 


Up to %, incl..... 0.010 in. 
ee eee 0.016 in. per in. of diameter 
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Standard Specification for Copper-Silicon 
Alloy Seamless Pipe and Tube (B 315-— 
59): 

Section 13(f).—Revise as indicated 
above for Section 11(f) of Specification 

B 306. 


WITHDRAWAL OF STANDARD 


The committee recommends the with- 
drawal of the Standard Specification for 
Seamless Copper Boiler Tubes (B 13 - 
58). 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for six or more years 
without revision: 


Standard Specifications for: 


Phosphor Copper (B 52 — 48), 

Silicon Copper (B 53 — 46), 

Bronze Castings in the Rough for Locomotive 
Wearing Parts (B 66 — 52), 

Car and Tender Journal Bearings, Lined 
(B 67 - 52), 

Copper and Copper-Alloy Forging Rod, Bar, 
and Shapes (B 124-55), 

Cartridge Brass Cartridge Case Cups 
(B 129 - 58), 

Commercial Bronze 
(B 131-55), 

Leaded High-Strength Yellow Brass (Manganese 
Bronze) Sand Castings (B 132 — 52), 

Brass Wire (B 134 -— 52), 

High-Leaded Tin Bronze 
(B 144-52), 

Leaded Yellow Brass Sand Casting for General 
Purposes (B 146 — 52), 

High-Strength Yellow Brass 


Bullet Jacket Cups 


Sand Castings 


(Manganese 


Bronze) and Leaded High-Strength Yellow 
Brass (Leaded Manganese Bronze) Sand 
Castings (B 147 — 52). 
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Aluminum Bronze Sand Castings (B 148 — 52) 

Leaded Nickel Brass (Leaded Nickel Silver) and 
Leaded Nickel Bronze (Leaded Nickel Silver) 
Sand Castings (B 149 — 52), 

Aluminum Bronze Plate, Sheet, Strip, and 
Rolled Bar (B 169 — 55), and 

Silicon Bronze and Silicon Brass Sand Castings 
(B 198 - 58), 


Standard Classification of: 
Cast Copper-Base Alloys (B 119 - 45). 


EDITORIAL CHANGES 


The committee recommends editorial 
changes as indicated in the following 
standards: 


Standard Specification for Copper and 


Shapes (B 124-55): 


q Copper-Alloy Forging Rod, Bar, and 


Section 10(c).—Change the word “ex- 
act” to “specific” in the first paragraph. 


Standard Specification for Copper-Beryl- 
lium Alloy Wire (B 197 —52): 


Section 9.—In Paragraph (a) change 
the word “table” to “tables” in the last 
line. 

Change Paragraph (8) to read: “Diam- 
eter—See Section 8(6) and Table II.” 

Add new Paragraphs (c), (d), (e), and 
(f) to read as follows: 


(c) Thickness.—See Section 8(c) and Table 
IV. 
(d) Width.—See Section 8(d), and Table VI. 
(e) Length (for flat wire only).—See Section 
8(e), Tables VII and VIII. 

(f) Straightness (flat wire).—See Section 9 
and Table IX. 
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PROPERTIES OF 60-40 COPPER-NICKEL ALLOY AT TEMPERATURES 
RANGING UP TO 1050 F* 


By W. F. Summons! anp B. J. Srrors? we 
i 
be : Some elevated-temperature properties for Cufenloy 40, a wrought alloy con- v 
taining nominally 56 per cent copper, 41 per cent nickel, 2 per cent iron, and 1 
_ per cent manganese, are given for both the annealed and drawn and stress- - 
relieved temper. Physical properties reported include thermal expansion, ther- | 
‘mal conductivity, electrical resistivity and conductivity, and dynamic modulus » | 
of elasticity. Mechanical properties include the short-time tensile properties 
_ and the long-time creep and creep-rupture properties for temperatures to 1050 a 


In 1959, Simmons, Sirois, Williams, 
and Jaffee (1)* reported on an extensive 
study of the properties obtainable in 
Cufenloy 30, a 70-30 copper-nickel alloy 
produced in a drawn and stress-relieved 
temper. This study had resulted from 
several requests from manufacturers of 
heat exchangers for copper-base-alloy 
tubes having improved mechanical prop- 
erties at elevated temperatures. The data 
obtained in this investigation showed 
that heat exchanger tubes of this alloy 
could be made with sufficiently enhanced 
mechanical properties to warrant rec- 


* Presented at a meeting of Committee B-5 
on Copper and Copper Alloys, Cast and 


Wrought, New York, N. Y., January 18, 1961. 

1 Division Chief, Battelle Memorial Inst., 
Columbus, Ohio. 

2 Director of Research, kt Dodge Copper 
Products Corp., Elizabeth, N. J. 

3 The boldface numbers in refer 
to the list of references appended to this paper. 
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The alloy in both the annealed and in the drawn and stress-relieved temper 
exhibits a proper combination of strength properties, ductility, and stress-cor- 
rosion resistance to make its use advantageous in unfired pressure vessel ap- 
_ plications at temperatures up to 900 F. 


ognition by the ASME Code for Unfired 
Pressure Vessels of design factors ap- 
proximately 50 per cent greater than 
those currently included in the Code for 
the annealed temper tubes of the same 
alloy. 

The excellent resistance to corrosion of 
the copper-nickel family of alloys is 
amply substantiated by years of success- 
ful use in many applications, the most 
noteworthy being heat-transfer equip- 
ment such as marine and stationary 
power plants, and oil-refinery and 
chemical-processing plants. 

The demand for alloys having excellent 
corrosion resistance combined with high 
mechanical properties led to the study of 
Cufenloy 30 initiated early in 1957. This 
was extended to include other copper- 
nickel alloys. Alloys containing nomi- 
nally 65-35, 60-40, 55-45 and 50-50 


copper-nickel, in which the iron content 
was varied in the range of 0.5 to 2.6 per 
cent, were investigated. The preliminary 
data obtained in these alloys showed that 
Cufenloy 40, a 60-40 copper-nickel alloy 
containing nominally 56 per cent copper, 
41 per cent nickel, 2 per cent iron, and 1 
per cent manganese did possess the 
desirably improved mechanical prop- 
erties and lent itself to processing on 
standard mill equipment. 


TABLE I.—MINIMUM MECHANICAL 
PROPERTIES FOR DUCTILITY AT ROOM 
TEMPERATURE. 


wore ot ovat Temper 


seedy 
hist Drawn, 


Tensile strength, min, psi...| 64 000 | 85 000 
Yield strength,* min, psi...| 28 
Elongation in 2 in., min, per 


cent: 
For wall thicknesses up to 

0.048 in. incl......... 30 12 
For wall thicknesses over 


Minimum expansion of tube 
inside diameter with 


tapered pin, per cent... 30 20 
Average grain size diame- 
0.045 


@ At 0.5 per cent elongation under load. 


In addition to corrosion resistance and 
high strength properties, tubes intended 
for use in heat exchangers must be suf- 
ficiently ductile to permit expansion into 
tube sheets and forming into U-bends 
over small radii. 

Substantial quantities of Cufenloy 40 
tubes in diameters ranging between 3 and 
1 in. and wall thicknesses between 0.049 
and 0.120 in. were produced in both the 
annealed temper (nominal average grain 
size 0.030 mm) and in the drawn, stress- 
relieved temper. It was found that tubes 
so produced and conforming to the mini- 
mum properties at room temperature 
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listed in Table I were sufficiently ductile 
to permit roll expansion and U-bending. 

In addition to meeting the standard 
mercurous nitrate test for stress-cor- 
rosion cracking specified in ASTM 
Specification B 111,‘ specimens of tubes 
U-bent over a radius equal to twice the 
diameter of tubes were subjected for 10 
months to an even more rigorous test ina 
moist ammonia, carbon dioxide at- 
mosphere under various conditions of 
stress on the outer element of the bend. 
No tendency to stress-corrosion cracking 
was found in the specimens of this alloy. 

It is also worthy of note that the fol- 
lowing alloys were tested at the same 
time and under the same test conditions, 
with the following results: 


Did not fail by stress- 
corrosion cracking during 


90-10 copper-nickel} total 10 months’ exposure. 

80-20 copper-nickel| Specimens were chemi- 

70-30 copper-nickel { ° ‘cally corroded by the test 

65-35 copper-nickel) atmosphere. A heavy 

ay loose nonprotective scale 
was formed. 


Did not fail by stress- 
corrosion cracking during 


total 10 months’ exposure. 


‘Chemical attack on these 
(monel) specimens was practically 


nil. A thin, tightly bonded 
oxide film was formed. 


Elevated-temperature tensile and 
creep properties were determined on 
specimens made from #-in. rod stock 
treated to develop the minimum room- 
temperature properties listed in Table I. 
Physical properties such as_ thermal 
expansion, thermal conductivity, and 
electrical resistivity were determined on 
specimens made from 0.900-in. rod stock 
of the same material. The composition of 
the rod stock taken from four different 


‘Specification for Copper and Copper-Alloy 
Seamless Condenser Tubes and Ferrule Stock 
(B 111-60), 1960 Supplement to Book of 
ASTM Standards, Part 2, p. 20. 
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melts, from which these specimens were 
made, is reported below: 


Element Per Cent 
41.3 to 41.6 
Phosphorus.............. 0.002 to 0.006 


TEST PROCEDURES 


Thermal Expansion: 


Linear-thermal-expansion —measure- 
ments were made in a vertical-quartz- 
tube dilatometer in which dilations were 
measured by a calibrated dial indicator 
that had divisions of 0.0001 in. The 
measurements were made with the 
specimens in helium at atmospheric 
pressure. A 3-in.-long cylindrical speci- 
men was used. 

Length changes were read from the dial 
indicator at the same time that tempera- 
tures were measured. Each specimen was 
given two thermal cycles from room 
temperature to 750 F and back to room 
temperature. A best curve was drawn 
through the experimental points, and 
mean - linear - thermal-expansion coef- 
ficients were interpolated over selected 
temperature ranges from this curve. 

The error of the results is estimated 


not to exceed +2 per cent. 


Thermal Conductivity: puree 
The apparatus and method used in 
making the thermal-conductivity meas- 
urements are essentially the same as in 
the steady-heat-flow method described 
by Van Dusen and Shelton (2). The 
method consists in heating one end of a 
specimen, measuring the temperature 
gradients along the specimen, and deter- 
mining the rate of heat flow through the 
specimen by means of an ingot iron 
standard of known thermal conductivity 
attached to the cold end of the specimen. 
Radial heat flow into, or away from, the 
specimen is minimized by thermal insula- 
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tion and an encircling guard tube in 
which temperatures are adjusted, as 
nearly as possible, to match those in the 
specimen and standard at corresponding 
levels. 

Five 36-gage chromel alumel thermo- 
couples were wedged in holes equally 
spaced along the specimen, and two 
similar thermocouples were placed in the 
ingot iron standard. This permitted the 
calculation of four thermal-conductivity 
values, each at a different mean tempera- 
ture, for each thermal equilibrium. Four 
thermal equilibria were obtained over a 
temperature range of approximately 90 
to 575F. A best curve was drawn 
through these four points, and the 
thermal conductivity was interpolated at 
selected temperatures from this curve. 

The maximum error of the thermal 
conductivity values is estimated not to 
exceed +5 per cent, the chief uncertainty 
being the thermal conductivity of the 
ingotironstandard. 

Electrical resistivity measurements 
were made by the voltage-drop method 
with the specimens protected by a 
vacuum of approximately 5 X 10-* mm 
of mercury. A direct current was passed 
through the specimen, and voltage drop 
was measured over a section of the 
specimen approximately 2 in. long. 
Measurements were taken with the cur- 
rent flowing normally and reversed, and 
the values were averaged to minimize 
thermal and induced potentials. 

The error of the electrical resistivity 
values is estimated not to exceed +1 per 
cent. 


Electrical Resistivity: 


Tensile Properties: 


Tensile properties were determined 
between 75 and 1050 F by using standard 
0.505-in. diameter threaded-end tension 
specimens. Tests were run in triplicate at 
each temperature. 


Specimens were 
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heated in a resistance-wound electric 
furnace. The atmosphere was static air. 
Specimen temperature was measured by 
means of thermocouples and was main- 
tained within +5 F during each test. 
Stress-strain curves were obtained by 
means of a Baldwin high-magnification 
extensometer, microformer type, and a 
standard Baldwin-Southwark Tate- 
Emery testing machine with an auto- 
graphic recorder. All specimens were 
tested at strain rates of 0.003 in. per in. 
per min to yield and at 0.05 in. per min 
crosshead speed from yield to fracture. 


Modulus of Elasticity: 


The modulus of elasticity was deter- 
mined using the dynamic method. A 
machined cylindrical specimen } in. in 
diameter and 6 in. long was suspended 
horizontally from asbestos strings in an 
electric furnace. The upper end of one 
string was attached to a loud-speaker 
diaphragm and the upper end of the 
other to a crystal pickup. The resonant 
frequency of the specimen was then used 
to calculate elastic modulus, as described 
by Andrew (3). Measurements were 
made between 80 and 1050 F. 


Creep and Stress-Rupture Properties: 


Creep and stress-rupture properties 
were determined between 750 and 1050 F 
by using the same type of specimen as in 
the tensile-property studies. Tests were 
conducted in accordance with ASTM 
Recommended Practice E 139.5 The 
specimens were heated electric- 
resistance furnaces, in static air, and 
were held 1 hr at temperature before 
loading. The desired temperature was 
maintained within +2 F. Loading was 
accomplished in lever-arm creep ma- 
chines (9:1 lever-arm ratio). 


5 Recommended Practice for Conducting 
Creep and Time-for-Rupture Tension Tests of 
Materials (E 139 - 58 T), 1958 Book of ASTM 
Standards, Part 3, p. 224. 
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Creep was measured optically. 
Through windows in the furnace, the 
movements of two platinum-strip ex- 
tensometers on opposite sides of the 
specimen were measured with a filar 


micrometer microscope. The move- 
ments of each extensometer were meas- 
ured by two observers, and the results 
of each observer were averaged. With this 
arrangement, creep movements of less 
than 0.002 per cent were measured ac- 
curately. The zero reading for creep was 
obtained at temperature before applica- 
tion of the load. Both deformation and 
time to rupture, if failure occurred at the 
stress level examined, were measured. 


TABLE II.—MEAN LINEAR THERMAL.- 
EXPANSION COEFFICIENTS OF CUFEN- 
LOY 40. 


Mean Linear Thermal 
Expansion Coefficients 
per deg Fahr over the 
Range 


Temperature 
Range, deg Fahr 


Shown 

8.2 xX 10° 
68 to 300 8.4 
68 to 500............ 8.7 
GB to FOB... 16 9.0 
9.1 

| 


Minimum creep rate and total Rita 
tion at indicated times were determined 
from time-deformation curves that were 
obtained by plotting the individual 
deformation readings. The creep- and 
rupture-testing equipment and the pro- 
cedure used have been described more 
fully in a previous paper (4). 


Thermal Stability: 


The ability of the alloy to withstand 
creep exposure without loss of room- 
temperature properties was measured by 
determining the tensile properties of un- 
broken creep specimens after completion 
of the creep exposure. Test procedures 
were similar to those employed in deter- 
mining the tensile properties of the alloy 
before creep exposure. The specimens 
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were not cleaned (to remove surface 
oxide) before testing and strength and 
ductility values were based on the 
dimensions of the specimen after creep 


exposure. 
TEST 


Thermal Expansion: 


Linear-thermal-expansion coefficients 
at selected temperature intervals be- 
tween 68 and 750 F are given in Table IT. 


Thermal Conductivity: 

Average values for the thermal con- 
ductivity are reported in Table III. 
TABLE III.—THERMAL CONDUCTIVITY 

OF CUFENLOY 40. 


Thermal Conduc- 


Temperature, deg Fahr gast 

per ft 

15.8 
18.3 


Extrapolated. 


Electrical Resistivity: 


The electrical resistivity is given in 
Table IV. These data have also been 
reported in terms of electrical conductiv- 
ity. At 68 F, the electrical conductivity 
of Cufenloy 40 is 3.6 per cent of that 
of the International Annealed Copper 
Standard. 


Tensile Properties: 


The tensile data obtained for Cufenloy 
40 finished in the annealed condition are 
reported in Table V, and those for the 
drawn and stress-relieved condition in 
Table VI. The yield strength was 
measured both at 0.2 per cent offset and 
0.5 per cent extension under load. Pro- 
portional limit, tensile strength, elonga- 
tion, and reduction in area were also 
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determined. The tensile strengths and 
yield strengths (0.5 per cent extension) 
are plotted as a function of temperature 
in Fig. 1. 


Modulus of Elasticity: 


The moduli of elasticity in both condi- 
tions are reported in Table VII. The 
modulus of elasticity of drawn and stress- 
relieved Cufenloy 40 was greater than 
that of annealed Cufenloy 40 over the 
entire temperature range 80 to 1050 F. 


TABLE IV.—ELECTRICAL RESISTIV- 
ITY AND ELECTRICAL CONDUCTIVITY 
OF CUFENLOY 40. 


Electrical Electrical 
Temperature, | Resistivity, Py Conduc- 
deg Fahr Pes tivity, o, 
microhm-cm megmho-cm 
48.0 1.00 0.0208 
100... 48.1 1.00 0.0208 
200. . 48.5 1.01 0.0206 
48.9 1.02 0.0204 
400 49.3 1.03 0.0203 
ae 49.7 1.04 0.0201 
49.9 1.04 0.0200 


Pr Ps Electrical resistivity at temperature 
Peg Electrical resistivity at 68 F 


Creep and Stress-Rupture Properties: 


Creep and stress-rupture properties in 
the annealed condition are reported in 
Table VIII and in the drawn and stress- 
relieved condition in Table IX. Both 
minimum creep rate and total deforma- 
tion as a function of time are included. 
Time to rupture and ductility at frac- 
ture are reported for the stress-rupture 
tests. 

Data contained in Tables VIII and IX 
have been used to construct the curves 
shown in Figs. 2 (a) and (6), which 
describe the creep and rupture charac- 
teristics. The stress-creep rate and stress- 
rupture time curves were not straight 
lines on logarithmic coordinates. This 
type of behavior is typical of copper 
alloys at elevated temperatures. 


| 
| 
7 
| 
{ 
‘ 


TABLE V.—TENSILE PROPERTIES OF CUFENLOY 40 IN THE ¥ 
ANNEALED CONDITION. 


Yield Strength, psi 
Elongation | Reduction 


Tensile 
in 2 in., of Area, 
Strength, psi per cent per cent 


Proportional 
Limit, psi 


0.2 per cent | 0.5 per cent 
Ofiset Extension 


wala 29 64 900 48 
100 64 900 49 
100 64 300 50 


100 64 700 


60 900 
61 900 
61 


61 


6 
49 72 6 

150................--.-{ 17600 | 26900 | 27 700 47 73 
150............--...--.) 17 500 | 27 500 | 28 100 47 73 P 
150.............--..---4 15 200 | 27 200 | 27 900 47 72 ¢ 
Average.............| 16 800 | 27200 | 27900 | mm 300 47 73 6 

200..............-..+-- 13700 | 26 500 | 27.500 | 60 500 46 73 
200...................-| 16000 | 26300 | 27 400 | 60 500 46 72 , 
200...............--.--| 14.500 | 26300 | 27100 | 60 200 50 73 : 
Average.............| 14.700 | 26 400 | 27 300 | 60 400 47 73 ’ 

250............eeee----| 13.000 | 25.600 | 26200 | 59 100 42 72 
250.................+-{ 11 500 | 25200 | 26700 | 59 000 45 72 , 
250...............-..-- 11 500 | 26000 | 27.500 | 59 300 44 73 : 
Average.............| 12 000 | 25.600 | 26 800 | 59 100 44 72 

300...................-| 11 700 | 24900 | 26300 | 58 100 42 72 
300..................... 14700 | 25 500 | 26 700 | 58 000 43 72 , 
300.................--.. 14700 | 27400 | 28 700 | 58 400 40 73 
Average.............| 13 700 | 25900 | 27 200 | 58 200 42 72 ‘ 

26 400 | 28 100 | 56 000 43 72 
350...................-| 15 300 | 26300 | 28000 | 56 800 43 72 
350................-..-| 15 300 | 26 500 | 27.800 | 57 000 42 72 
Average.............] 15 300 | 26 400 | 28 000 | 56 600 43 72 

400..................... 14.500 | 25 700 | 27000 | 56 100 4 72 
400..................--) 15 300 | 26500 | 27700 | 56 000 41 70 ; 
400............-....-..| 13 700 | 26000 | 27000 | 55 900 42 73 
Average.............| 14.500 | 26100 | 27 200 | 56 000 41 72 | 

25 000 | 26700 | 55 200 41 71 
450............-..--..-| 12 200 | 22 400 | 23 900 | 55 800 42 72 | 
450............-...-..-| 11 400 | 22900 | 24200 | 55 600 42 72 | 
Average.............| 11 800 | 23 400 | 24900 | 55 500 42 72 | 

: 500..................--] 9900 | 22200 | 23800 | 54 400 42 71 
500.................... 9150 | 22200 | 23 800 | 54 600 41 70 , 
500..................... 9150 | 22600 | 24100 | 54 700 42 70 : 
Average.............| 9 400 | 22300 | 23900 | 54 600 42 70 : 

550.................... 11 400 | 22 400 | 23 800 | 54 200 41 67 
11 400 | 22 300 | 23 800 | 54 100 42 71 
550...................-| 11 400 | 22300 | 23 700 | 53 800 40 70 
Average.............| 11 400 | 22 300 | 23 800 | 54 000 41 | 70 1 
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TABLE V.—Continued. 
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Proportional Tensile eduction 
T ture, deg Fah i f Area, 
sneer Limit, psi 0.2 per cent | 0.5 per cent Strength, psi per emt on om > 
set Extension 

13 000 22 500 23 900 53 400 40 69 

Serre rer ee 11 400 22 500 23 700 53 200 40 68 

11 400 22 200 23 700 53 200 40 69 

ee 11 900 22 400 23 800 53 300 40 69 
9 900 53 000 39 
10 900 52 900 39 
eT er 10 000 21 900 23 300 52 300 39 
700. 12 200 22 900 24 400 51 800 38 
12 200 23 000 24 300 51 900 41 
re 11 500 22 600 24 000 52 000 39 
ee ery 18 800 22 500 23 700 51 000 38 
EE ee 11 400 22 100 23 700 51 000 38 
EPP ere 12 200 22 500 23 800 49 600 37 
Average.......... 14 100 22 400 23 700 50 500 38 
neds 13 000 22 200 23 700 49 600 34 
13 000 22 100 23 400 49 700 34 
12 200 22 100 23 400 49 800 38 
12 700 22 100 23 500 49 700 36 
9 900 21 600 22 700 47 100 33 
10 700 21 900 22 900 46 800 32 
RE ee 11 500 21 900 23 400 46 700 32 
a 10 700 21 800 23 000 46 900 32 
Pee Carraroe 9 200 21 600 22 900 43 800 30 
Se ee cee 10 700 21 400 22 700 44 600 30 
pas 9 200 21 000 22 400 43 400 27 
Average. ......... 9 700 21 300 22 700 43 900 29 
i 27 
28 
28 
33 
TTS 36 
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_ TABLE VI.—TENSILE PROPERTIES OF CUFENLOY 40 IN THE 
DRAWN AND STRESS-RELIEVED CONDITION. 


Temperature, deg Fahr 


Yield Strength, psi 


Reduction 
of Area, 
per cent 


Tensile 
r cent Strength, pei 
set 
76 800 89 700 
76 800 89 600 
76 000 88 800 
500 89 400 
300 86 400 
300 86 200 
300 85 800 
300 86 100 
900 83 400 
72 500 82 400 
500 83 400 
600 83 100 
900 80 800 
200 80 500 
100 80 600 
400 80 600 
200 78 600 
900 79 900 
300 78 800 
800 79 100 
69 600 78 400 
68 000 77 300 
67 600 77 200 
68 400 77 600 
69 000 77 000 
66 600 76 000 
68 800 76 500 
68 100 76 500 
65 600 75 000 
66 400 75 500 
67 800 75 400 


S 


eee | 


OD 


4 

Elongatio 
Proportional 
imi 
| 
23 
22 60 
22 60 
22 60 
21 60 
Average.............| 652 30 21 60 
19 59 
21 63 7 
pes 7 
Average.............| 48 10 20 62 7 
20 62 
20 62 
20 63 
Ba 20 62 
20 63 
20 62 
Average.............| 50 & 20 62 
18 61 
— 
Average.............| 47 O 19 62 
18 61 
19 61 
Average.............]| 51 & 18 61 
19 61 
Average.............| 49 300 600 66 600 | 75 300 i9 61 | 
—— eee 800 65 200 73 800 19 62 
Seer. | 000 66 600 73 800 18 61 
eee. 600 66 700 74 000 18 60 1 
—— — — 1 
Average.............| 48 700 800 66 200 73 900 18 61 1 
eee 000 65 400 73 900 18 60 
eer Tete 800 64 900 73 400 18 59 
200 64 500 73 500 19 AQ 1 
Cs cicwenawaees 44 200 | 64 700 64 900 73 600 18 | 59 


TABLE VI.—Continued. 
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Yield Strength, psi 
Temperature, deg Fah 2 in., f Area, 
pal cent | 0.5 per cent |St7ensth, psi per cent per cmt 
set Extension 
42 600 65 600 66 000 73 000 18 57 
a ein ntiasiveet 42 600 64 500 64 800 73 000 19 59 
43 500 66 500 66 500 72 800 18 58 
42 900 | 65.500 | 65900 | 72 900 18 
EO ee ee eee 45 700 65 600 65 600 74 000 17 57 
Ee reer 48 000 65 500 65 600 73 600 18 58 
ee 46 800 65 600 65 600 73 800 18 58 
45 600 66 400 66 500 73 600 17 56 
42 700 65 500 65 900 73 600 17 56 
a. 41 800 65 600 65 600 73 600 18 56 
Sc 43 700 65 800 66 000 73 600 17 56 
43 400 64 500 64 700 72 500 17 50 
38 000 63 900 63 900 71 500 16 49 
Be cicttese-alnepanaaals 42 700 64 000 64 000 72 000 16 48 
41 400 64 100 64 200 72 000 16 49 
38 200 63 200 63 400 70 600 16 44 
30 600 62 000 61 200 69 100 16 36 
cic bub esawsenowtes 30 600 62 400 62 400 69 600 14 38 
[ene 33 100 62 500 62 300 69 800 15 39 
850. . 37 400 58 800 59 600 66 000 14 31 
35 900 59 100 58 800 65 400 16 33 
850. . 35 900 58 800 59 100 66 000 13 31 
Average........... 36 400 58 900 59 200 65 800 14 32 
ch 25 800 54 100 54 100 62 200 15 29 
29 000 56 000 55 200 62 500 15 
27 500 55 200 54 500 62 400 14 32 
A 27 400 55 100 54 600 62 400 15 31 
16 000 50 100 51 400 57 500 16 31 
16 000 50 500 50 800 57 400 17 33 
15 200 51 000 50 400 57 100 15 33 
pee 
See eee 15 700 50 500 50 900 57 300 16 32 be 
45 
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7 
4 200 45 30 ; 600 | 
9 200 41 800 44 500 48 600 21 
1050.................-..| 10 700 | 40 400 | 41 700 | 47 000 16 32 
1050.................--.} 18 000 | 42 500 | 42900 | 48 400 21 30 
| Average.............| 11 000 | 41 600 | 43.000 | 48 000 19 
= 
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It was observed that, at stresses where 
both creep and rupture data were avail- 
able, the stress-creep rate and the stress- 
rupture time curves were very nearly 
mirror images of each other. This 
observation was applied in extrapolating 
the stress-rupture time curves from the 
longest rupture times, about 2000 hr, to 
determine estimated stress for rupture 
in 100,000 hr. This method of extrapola- 
tion is believed to be much more reliable 


90 000 
60 000 Drawn ond Stress | 
Relieved 
| 
70 000 | 
| 
60 000 


Strength, psi 


—— Tensile Strength 


10 000 —-- Yield Strength — 
(0.5 per cent extension | 
under load) 
% 200 400 600 800 1000 i200 


Temperature, deg Fohr 


Fic. 1.—Tensile and Yield Strengths of Cu- 
fenloy 40 in Two Conditions. 


than a straight-line extrapolation or 
extrapolation by means of various pa- 
rameters. The procedure used for 
extrapolation is in accordance with the 
work of Monkman and Grant (5), who 
showed that under certain conditions the 
product of the creep rate and the rupture 
time is constant. This relationship was 
used in the previous paper (1) where it 
was discussed more fully. 


Thermal Stability: 


The tensile properties after creep ex- 
posure were determined in both condi- 
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tions and are given in Table X. The ma- 
terial in the annealed condition showed 
good stability, since all changes ob- 
served in tensile properties following 
creep exposure were directly attributable 
to plastic straining (work hardening) 
and not to thermal effects. In the drawn 
and stress-relieved material, annealing 
was observed during creep exposure at 
1050 F and, to a slight degree, at 950 F. 


TABLE VII.—DYNAMIC MODULUS OF 
ELASTICITY OF CUFENLOY 40. 


Modulus of Elasticity, psi 
23.2 X 10% 25.3 x 108 

23.0 25.0 
200. . 22.9 25.0 
22.7 2.8 
22.4 24.4 
400. . 22.1 
21.9 24.0 
23.60 
21.5 23.5 
21.2 23.2 
21.0 22.9 
20.8 22.7 
20.5 22.550 
20.3 22.3 
20.0 22.2 
19.8 22.1 
1000. . 19.5 21.8 
19.3 21.6 


However, the changes in tensile prop- 
erties at and below 950 F were minor and 
could be attributed mainly to plastic 
straining. In no instance was the ductility 
impaired by thermal exposure. 


DISCUSSION OF RESULTS 
The ASME Boiler and Pressure 


Vessel Code has established criteria for 
selecting the maximum permissible stress 
for non-ferrous materials. These criteria, 
as outlined in Appendix Q of Section 
VIII of “Rules for Construction of 
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Unfired Pressure Vessels,” 1959, are as —scrreep rate of 0.1 CRU (creep rup- 
follows: ture or per cent in 
10,000 hr [0.00001 per cent per hr]. 

Except for bolting materials, the (4) The stress producing rupture in 


maximum allowable stress values may be 100,000 hr. (Note—The 1956 Code 
100 000 T T T 
80 000 | 
60000 — — 
Discontinued 
40000 = 750 F- 
lof] 
20000 850 F } 
— 
_ =~ 
| Rote “7050 Rupture 7 
\\ 
2000 PSS 
3 
= 80 000 
60 000 750 F r =e 
40000 —*650 F— = 
Discontinued Th TT 
050 F \\ Rupture _|_| 
6000 
| 
4 
(b) 
1 000, 
10 100 1000 10000 100 000 
Rupture Time, hr 
0.0000! 0.0001 0.00! 0.01 Ol 


Creep Rate, per cent per hr 


Fic. 2.—Creep and Rupture Characteristics from 750 to 1050 F for Cufenloy 40 (a) in the Annealed 
Condition and (6) in the Drawn and Stress-Relieved Condition. 


determined as the lowest of the following specified four fifths of the stress 
when the tensile and yield strengths are for rupture in 100,000 hr.) 


obtained from standard short-time tests: : . 
(i) of Gn The data presented in this paper can be 


as adjusted to minimum. used to select the maximum allowable 
(2) Two thirds of the yield strength Stress for Cufenloy 40 based on the code 

(as defined in the material specifi- Tequirements. 

cation) as adjusted to minimum. The tensile strength data in Table V 
(3) The stress producing a secondary for Cufenloy 40 in the annealed condition 
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were multiplied by 0.989 and the yield- 
strength data by 0.943 to adjust them to 
minimum values (the minimum specified 


0.951 and the yield-strength data by 
0.850 to adjust these to minimum values 
(85,000 and 65,000 psi, respectively). 


TABLE X.—THERMAL STABILITY OF CUFENLOY 40 IN TWO CONDITIONS. 


Creep-Testing Conditions Tensile Properties After Creep Testing* 
Yield Strength, psi 
: Plastic ropor- | Ultimate |Elongation| 
Duration, 
Fab ’| | be Strain, | times | 02 | Strength, | in | 
al psi per cent r cent pe oer coe per cent 
Offset tension 
ANNEALED CONDITION 
eee 35 000 3003 15 42 600 | 54 800 | 55 100 | 61 800 4 19 
. ae 30 000 2714 5 40 000 | 48 000 | 48 300 | 73 400 36 51 
We Gk are 27 000 2662 2.7 34 400 | 41 400 | 42 300 | 73 300 42 65 
ile a6or8 20 000 2860 0.9 27 600 | 32 400 | 33 300 | 67 000 44 65 
ere 12 000 |} 2015 0.1 21 900 | 29 800 | 30 700 | 67 500 46 70 
ae 10 000 1226 0.6 28 000 | 30 600 | 31 400 | 65 500 46 70 
WG a os0.0 3 000 2015 0.1 26 900 | 28 400 | 29 300 | 66 200 47 70 
ree 1 000 1914 0.1 23 700 | 27 400 | 28 200 | 64 800 48 72 
No creep exposure; base tensile proper- 
19 100 | 28 800 | 29 700 | 64 700 49 72 
Drawn AND Stress-RELIEVED CONDITION 
_ a 35 000 3316 0.8 53 200 | 76 100 | 76 100 | 95 000 21 44 
ere 30 000 2520 0.3 56 300 | 79 200 | 79 200 | 95 900 25 58 
25 000 3047 0.2 61 100 | 81 700 | 81 400 | 97 500 25 60 
ees 31 000 | 2496 1.4 | 46 200 | 67 800 | 68 600 | 87 300 19 32 
Se 25 000 2473 1.2 44 600 | 69 700 | 70 000 | 89.400 20 38 
eer 15 000 | 3287 0.4 | 53 500 | 73 800 | 74 100 | 89 600 25 60 
eee 10 000 2346 0.1 56 300 | 71 600 | 71 600 | 90 400 26 61 
las aaa 15 000 1294 2.5 44 800 | 64 000 | 64 500 | 82 500 16 24 
er 5 000 1539 0.2 44 300 | 61 100 | 61 600 | 82 500 29 64 
ae 1 000 1539 0.2 22 800 | 25 400 | 26 400 | 65 500 47 72 
No creep exposure; base tensile prop- 
60 400 | 76 500 | 76 500 | 89 400 22 60 
@ All tensile results based on specimen dimensions after creep testing. 
> Average of three tests. 
tensile and yield strengths at room After this was done, the strength 


temperature are 64,000 and 28,000 psi, 
respectively). 

The tensile strength data in Table VI 
for Cufenloy 40 in the drawn and stress- 
relieved condition were multiplied by 


properties in the annealed condition were 
plotted as shown in Fig. 3(a), and those 
for the drawn and stress-relieved condi- 
tion in Fig. 3(b), to establish the maxi- 
mum allowable stress as outlined by the 


= 
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cal Stress for Rupture 
in 100 000 br \ 
td hiss Stress for Minimum Creep Rote -\ ‘ 
of O.0000/ per cent per hr 
20 000 Yield Strength (adjusted to \ 
(adjusted to minimum) 
= 10 000 T 
a Moximum allowable stress \ 
(a) 
45 000 
= 
40000 
3 (adjusted to minimum) 
we 5 000 
\ 
mY, Stress for Rupture 
ine \ 
in 100 000 hr \ \ 
25 000 Stress for Minimum 
Creep Rote of \ 
aus 20000 _ Q0000/ per cent per hr \ \ 
| 
Tensile Strength \ 
] |Moximum \ \ 
10 000 
000 
i 


Oo 00 200 300 400 500 600 700 800 900 1000 
Temperature, deg Fohr 


Fic. 3.—Basis for Establishing ASME Code Maximum Allowable Stress for Cufenloy 40 (a) in 
the Annealed Condition and (6) in the Drawn and Stress-Relieved Condition. 
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ASME Code criteria. It is apparent that 
the tensile strength is the controlling 
property up to 850 F for the annealed 
material and 800 F for the drawn and 


stress-relieved material, 


and 


creep 


strength is the controlling property 
above these temperatures. Maximum 


TABLE XI.—MAXIMUM ALLOWABLE STRESS FOR CUFENLOY 40 
IN TWO CONDITIONS. 


pressure-vessel applications at tempera- 
tures up to 900 F. 


Acknowledgments: 


The authors wish to acknowledge the 
interest and support of the investigation 
in which these results were obtained by 


Based on ASME Boiler and Pressure Vessel Code Criteria. 


Annealed Condition Drawn and Stress-Relieved Condition 

Temperature, deg Fahr Tensile Stress, psi, Tensile Stress, psi, 
Kate of G1 | ‘Allowable xateaft | Allowable 
minimum)* 10,000 hr Stress,” psi | minimum)* 10, — Stress,” psi 
64 000 16 000 85 000 21 200 
60 600 15 200 82 000 20 500 
59 700 14 900 79 100 19 800 
58 500 14 600 76 700 19 200 
57 600 14 400 75 300 18 800 
56 000 14 000 73 900 18 500 
55 400 13 800 72 800 18 200 
Ree eas 54 900 13 700 71 600 ee 17 900 
54 000 13 500 70 300 17 600 
53 400 13 400 70 000 17 500 
52 700 13 200 69 400 17 500 
er oe 52 300 13 100 70 200 cee 17 500 
51 400 asta 12 800 70 000 17 500 
50 000 25 000 12 500 68 500 24 000 17 100 
a ee eee 49 200 19 200 12 300 66 500 17 300 16 600 
SIR ae) ee 46 400 11 500 11 500 62 600 9 400 9 400 
ee eee 43 400 5 200 5 200 59 400 3 800 3 800 
40 500 2 100 2 100 54 500 1 500 1 500 
6b. 6wawwnderenae hess 36 500 1 000 1 000 49 800 700 700 


* Data from Fig. 1 multiplied by 0.989 for annealed Cufenloy 40. Data from Fig. 1 multiplied by 


0.951 for drawn and stress-relieved Cufenloy 40. 


’ One fourth of tensile strength (adjusted to minimum) or stress to give creep rate of 0.1 per 


cent in 10,000 hr, whichever is lower. 


allowable stresses for Cufenloy 40 in each 
condition are summarized in Table XI. 


CONCLUSIONS 


The data presented in this paper indi- 
cate that Cufenloy 40 in both the an- 
nealed and in the drawn and stress- 
relieved tempers exhibits a suitable 
combination of strength properties, 
ductility, and stress-corrosion resistance 
to make its use advantageous in unfired 
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ment work on the alloy, and Mr. L. 
Caruso under whose direction the stress- 
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(1) W. F. Simmons, B. J. Sirois, D. N. Williams, 
and R. I. Jaffee, “Properties of 70-30 
Copper-Nickel Alloy at Temperatures 
Ranging Up to 1050 F,” Proceedings, Am, 
Soc. Testing Mats., Vol. 59, p. 1035 (1959). 

(2) M. S. Van Dusen and S. M. Shelton, “Ap- 
paratus for Measuring Thermal Conduc- 
tivity of Metals Up to 600 C,” Journal of 
Research, National Bureau of Standards, 
Vol, 12, pp. 429-440 (1934). t 

(3) C. W. Andrews, ‘‘Effect of Temperature on 


SIMMONS AND Sirois ON 60-40 CoppreR-NICKEL ALLOY 


REFERENCES 


Metal Progress, Vol. 58, pp. 85-89 and 96- 
100, July, 1950. 

(4) W. F. Simmons and J. G. Kura, “The Creep 
‘Properties of Three Low-Shrinkage, Copper- 
Base Casting Alloys,” Proceedings, Am. Soc. 
Testing Mats., Vol. 58, p. 791 (1958). 

(5S). F.C) ‘Monkman' and N. J. Grant, “An 
Empirical Relationship Between Rupture 
Life and: Minimum Creep Rate in Creep- 
Rupture Tests,” Proceedings, Am. Soc, 

_, Testing Mats., Vol. 56, p. $93 (1956). a 


| 

} i ‘ . fly 
levee 25 Cf bas 


to 0-8 ) to aban 


t Tye rere: 


? 
= 263 
q 
ddd od. ta 
y oven i ‘nt 3 ollnd 
| 
er a; @ 
1 
« 
* 
| 


aa 
ON 


Committee B-6 on Die-Cast Metals 
and Alloys held one meeting during the 
year: in Atlantic City, N. J. on June 29, 
1960. 

The committee consists of 79 members, 
of whom 39 are classified as producers, 
18 as consumers, and 22 as general 
interest members. 

There is a balance of $3651.84 in the 
funds of Committee B-6 as of November 
30, 1960. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Aluminum-Base 
Die-Casting Alloys (E. V. Blackmun, 
chairman) has assigned a task group to 
collect the available elevated-tempera- 
ture mechanical property data for 
aluminum alloy SC84 with various zinc 
contents. The extent of the data will 
determine whether it is necessary to 
undertake such work to obtain needed 
data for zinc contents at suitable inter- 
vals from 1 to 3 per cent at temperatures 
of 500 to 550 F. 

Subcommittee II on Zinc-Base Die- 
Casting Alloys (A. E. Weiss, chairman) 
has assigned a task group to determine 
what procedure to pursue relative to 
recognizing a new die-casting alloy 
known in the trade as Zamak-7. 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 


REPORTOF COMMITTEEB6 


DIE-CAST METALS AND ALLOYS* 


| 


4A 


Subcommitiee V on Exposure and 
Corrosion Tests (D. Kleppinger, chair- 
man) has approved reports on Atmos- 
pheric Exposure Tests Conducted on 
Zinc-Alloy Die Castings AC43A, AC41A, 
and AG40A and Atmospheric Exposure 
Tests Conducted on Die-Cast Test Bars 
of Four Magnesium Alloys, as appended 
hereto.' These reports present data and 
conclusions covering the aforementioned 
alloys for the 5-, 10-, and 20-yr tests at 
three outdoor and two indoor locations. 

Subcommittee VIII on Brass Die- 
Casting Alloys (G. F. Hodgson, chair- 
man) is letter balloting on a proposal to 
increase the allowable maximum iron 
content from 0.3 to 0.5 per cent in alloy 
Z30A under Specification B 176-57. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 79 members; 71 members re- 
turned their ballots, of whom 64 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
W. BaBINGTON, 
Chairman. 


GEORGE L. WERLEY, 


Secreiary. 


1 See pp. 265 and 273. > 
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In 1936,! Subcommittee VII on Mag- 
nesium-Base Die-Casting Alloys recom- 
mended that magnesium-base alloys be 
included in the atmospheric exposure 
tests proposed for a new series of zinc- 
base alloys. This program would deter- 
mine the effect of various exposures on 
mechanical properties and thereby pro- 
mote satisfactory application of the 
metal. In 1937? Subcommittee V on Ex- 
posure and Corrosion Tests located three 
producers of magnesium test bars and 
selected the compositions to be tested as 
follows: 


CURRENT 


In 1938 Subcommittee V was author- 
ized to include the four above magne- 
sium-base alloys in its exposure program 
and specified the composition limits as 
noted in Table I. Casting, metal com- 
position analyses, and original mechani- 
cal property determinations were in- 
cluded in the 1939 Report of Committee 
B-6.5 The 5- and 10-yr test results listed 
in subsequent reports‘ are also included 
in this report. 

1Report of Committee B-6 on Die-Cast 
Metals and Alloys, Proceedings Am. Soc. Test- 
ing Mats., Vol. 36, Part I, p. 178 (1936). 


2 Ibid., Vol. 37, Part I, p. 214 (1937). 
3 Ibid., Vol. 39, p. 277 (1939). 


ot oa at 
‘ i " 
APPENDIX I 
yA i REPORT OF SUBCOMMITTEE V ON EXPOSURE TESTS ; | 
OF FOUR DIE-CAST MAGNESIUM ALLOYS 


H 
No. 307 to correspond with then al Co... 
current No. 7 alloy. .....°.... None 
No. 312 to correspond with then 
current No. 12 alloy.......... AM100B Die Casting Technique.—Casting con 
No. 313 (9 per cent Al, 0.6 per ditions for the test specimens were quite 
cent Zn nominal)............. AZ91 
No. 314 to differ from No. 307 by uniform among the producers as shown 
addition of 2}4 per cent zinc... AZ63 in Table IT. 
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The exposure period extended from 
1939 to 1959. 


Summary of Program: 


Each producer submitted 225 sets 
(composed of one die-cast tension test 
specimen and one die-cast impact bar) of 
each of four alloy compositions. Of these 
5400 total test bars, 3600 were placed on 
exposure, 240 were used for original 
property tests and 480 for analyses. 

The three producers of the specimens 
were: 


Cepe IpEntiFI- 
CATION LETTER 


Chemical Analyses of the alloys were 
made by The Dow Chemical Co. and 
The American Magnesium Corp. (Alu- 
minum Company of America) and are 
listed in Table I with the respective com- 
position specifications. 

Exposure Sites——Bare test bars were 
placed at ten exposure sites as shown in 
Table III. Bars were lost from five ex- 
posure locations over the 20-yr program 
amounting to 263 per cent of the original 
bars placed on test. 


4Report of Subcommittee V on Exposure 
and Corrosion Tests, Proceedings, Am. Soc. 
Testing Mats., Vol. 46, p. 244 (1946), and Vol. 
50, p. 167 (1950). 
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OF TEST BARS! 


TABLE I.—CHEMICAL COMPOSITION SPECIFIED* AND ACTUAL ANALYSES 


— Composition, per cent 
| — 
Aluminum Silicon | Manganese Zinc Cod- | Tin |Copper | Nickel 

No. 307....| 6.0 to 7.0 | 0.5 max 0.15 min 
H 6.3 0.2 0.14 0 0 0 0.01; 0 
K 6.6 0.1 0.24 0 0 0 <0.01); 0 
M 6.5 0 0.19 0.1 0 0 <0.01; 0 

No. 312....| ¢ 9.5 to 10.5} 1.0 max | 0.1 min 
H 8.9 0.2 0.14 0 0 0 0.01 0 
K | 9.4 0.3 0.24 0 0 0 <0.01; O 
M 10,3 0.4 0.14 0 0 0 <0.01; 

No. 313....| ¢ 8.5 to 9.5 | 0.1 max | Ol min (0.4 to 0.8) ... ae 
H 8.5 0.2 0.14 0.4 0 0 0.01; O 
K 8.6 0 0.22 0.6 0 0 <0.01; 0 
M 8.6 0 0.18 0.5 0 0 <0.01; 0 

No. 314....) ¢ 6.0 to 7.0 | 0.5 max | 0.15 min to 3.0) ... 
H 6.9 0.2 0.14 |* 1.8 0 0 0.02) 0 
K 6.4 0 0.33 2.3 0 0 <0.01; 0O 
M 6.4 0 0.20 2.5 0 0 |<0.01} 0 


“ Nominal composition specified for these specimens (remainder is magnesium), see Proceedings, 


Am. Soc. Testing Mats., Vol. 38, p. 231 (1938). 


>’ Chemical analysis data from Proceedings; Am. Soc. Testing Mats., Vol. 39, p. 280° (1939). 


TABLE II.—CASTING CONDITIONS FOR THE DIE-CAST TEST BARS* 


Producer Code Metal Temperature Die Temperature | Casting Pressure 
The Hoover Co............... H 1180 to 1200 F 250 to 325 F 2180 psi 
Dow Chemical Co............ K 1240 to 1290 F 300 to 400 F 2500 psi 
American Magnesium Corp... . M 1250 to 1280 F aCe 3000 psi 


* These conditions are different from present-day techniques which generally utilize greater cast- 
ing pressures of the order of twice or more of the values cited. This could account for the 29,700 psi 
tensile strength average for alloy No. 313 as compared to the current ASTM Specification B 94 - 58 
listing 32,000 to 36,000. psi tensile strength for AZ91A and B alloys. 


TABLE III.—TEST SITES AT WHICH THE FOUR MAGNESIUM-BASE ’ 


ALLOYS WERE EXPOSED IN 1939. 


in of 


' Exposure Period 
Indoor Atmospheric Exp Environment 
Syr 10 yr 20 ye 

Coco Solo Islands, C. Z.............. x x x Mild tropical 
New Kensington, Pa................ x x ® Laboratory 

Outdoor Atmospheric Exposure 
State Colleme,: x x x Rural 
x x x Industrial 
New York, N. Y......... x x x Industrial 


* Specimens lost before this testing period. 


p. 58. 
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» Also see “Key West Corrosion Test Site Reclassified,””, ASTM Buutetin, No. 215, July, 1956, 
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- Original value 


e= 


EB - Indoor exposure 
(C] - Outdoor rural exposure 


[ED - Outdoor industrial exposure 
3.5 X104} (a) 


3.0x104+ 
2.5X104} 
2.0X104} 


0.5 x104 
 0.0x104 


Tensile Strength, 


per cent 


w AD 


Elongation in 2 in. 


Rockwell Hardness, E scale 


10 


lo 


Impact, ft-ib 
- wo 


No. 312 No. 313 
Alloy 


‘Fis. 1.—Effect of 20 Years Exposure on Tensile Strength, Elongation, Rockwell E Hardness, 
and Charpy Impact of Magnesium Die Casting Alloys. 
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Original Properties; 


Significant property value differences 
exist among the various producers which 
are not readily explainable other than by 
variations of die casting techniques, ex- 
cept for alloy No. 312 where increasing 
aluminum contents are logically associ- 
ated with increasing tensile strengths. 
Each original property value represents 
the average of five individual bars. 


Properties Versus Exposure: 


Values are shown in Tables IV and V°® 
for each of the alloys, by producers and 
for the various exposure periods and ex- 
posure sites. 

Change in property values was con- 
sistent generally within an alloy com- 
position and by producer; that is, original 
low values would be consistently low for 
the various exposure periods. 

The dimensional change for all four al- 
loys and exposure sites was significantly 
less than the calculated and laboratory 
observed value of 0.0008 to 0.0010 in. per 
in. for maximum total compound pre- 
cipitation of these compositions of alloys, 
with the exception of the industrial ex- 
posure sites. The relatively larger dimen- 
sional increase in measurement associ- 
ated with the industrial exposure sites is 
attributed to corrosion product and the 
inadequacy of the measuring procedure. 
Therefore, no significant metallurgical di- 
mensional change is believed to have oc- 
curred. 


Summary of Results: 


1. Change in mechanical properties 
(Fig. 1) was predominantly a function of 
exposure environment ranging from es- 
sentially no change for indoor exposure 
to considerable reduction for out-door in- 


5 Detailed results that are summarized in 
Tables IV and V are not included in the present 
printing; copies may be secured on request from 
ASTM Headquarters (Research Report file No. 
RR 3: B-6). 
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dustrial exposure (the most severe condi- 
tion). (All specimens were tested bare.) 

2. All the alloys showed very ‘stable 
mechanical property values over the 20 - 
years of exposure with the exception of 
such reductions as were caused by corro- 
sion and consequent decrease in cross- 
sectional area. (Mechanical property de- 
terminations were based on original 
areas.) 

3. The alloys appeared to, age slightly 
proportionate to their zinc contents (al- 
loy No. 313, 0.6 per cent Zn; alloy No. 
314, 23 per cent Zn) as noted by tensile 
strength and hardness values. 

4. Reductions in per cent elongation 
for the alloys were none or slight with the 
exception of severe exposure, indicating 
a uniform type corrosion attack which 
did not result in pitting or severe notch 
stress effects. 

5. Dimensional stability of the alloys 
was excellent. 

6. Only alloy No. 313 is currently in 
ASTM Specification B 94-58, desig- 
nated as AZ91 alloy. 
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TESTS OF ZINC-AL 


AC43A, AC41A, AND AG40A io 


During the meeting of Subcommittee 
V on Exposure and Corrosion Tests held 
on March 5, 1936, it was decided that a 
second series of exposure tests on zinc- 
alloy die castings should be undertaken, 
since the test results from the first ex- 
posure test had little remaining value in 
that all of the alloys in that program had 
become obsolete in the interim. There 
was then a need for similar atmospheric 
exposure data on the three new commer- 
cial zinc die-casting alloys AC43A, 
AC41A, and AG4OA! (Tables I and II). 

Alloy AC41A was a relatively new al- 
loy at that time and it was not until June 
1936 that Subcommittee II recommended 
its adoption and inclusion in ASTM 
Specification B 86.! The following ex- 
planatory notes regarding the differences 
for the three new alloys were appended 
to the Subcommittee II minutes: 


Alloy AC43A has the highest tensile 
strength and hardness. It has better corro- 
sion resistance than alloy AG40A but under- 
goes a slow loss of impact strength and an 
increase in dimensions when aged at room 
temperature. These changes are accelerated 
to a marked extent by an increase in service 
temperature. 

Alloy AC41A is intermediate between 
AC43A and AG40A in tensile strength and 
hardness. Its corrosion resistance is equal to 
that of alloy AC43A. At room temperature, 
it undergoes little, if any, change in impact 
~ 1 Alloys AC41A and AG4OA (when this work 
was initiated, these alloys were designated 
XXIII and XXV, respectively) appear in 
Specifications for Zinc-Base Alloy Die Castings 
(B 86-57 T). Alloy AC43A (formerly alloy 
XXI) appeared in Specifications B 86 — 53 T. 
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strength and dimensions. At elevated tem- 
peratures, a slow loss in impact strength and 
a small growth in dimensions occurs. 

Alloy AG40A undergoes little, if any, 
change in impact strength or dimensions 
during aging at room or elevated tempera- 
ture. This alloy is, however, somewhat softer 
and lower in tensile strength than alloy 
AC43A and is somewhat more susceptible to 
corrosion. 


Upon completion of the 20-yr ex- 
posure tests, the average mechanical 
properties of the three alloys confirmed 
the predicted differences, as can be seen 
from the data in Table I. 


Location and Duration of Atmospheric 
Tests: 


Atmospheric tests of 5-, 10-, and 20-yr 
duration were planned for the following 
exposure locations: 


Outdoors 
State College, Pa. 
Key West, Fla.* 
Sandy Hook,N.J2 
Rochester, N. Y.° 
Altoona, Pa. 
New York, N. Y. i. 
Indoors 


Coco Solo Islands, C. Z. 
Tucson, Ariz. 

New Kensington, Pa.* 
Cambridge, Mass.° 


A 


* At the end of 20 yr, further losses had oc- 
curred at Key West, Sandy Hook, and New 4 
Kensington. Therefore, the planned atmospheric _ 
tests were only completed at 3 outdoor exposures 
(State College, Altoona, and New York); and 2 
indoor exposures (Coco Solo and Tucson). 

> All specimens were lost before the end of the 
first exposure period at Rochester, N. Y. 

¢ At the end of 10 years, the specimens at 
Cambridge, Mass., had also been lost. 
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TABLE I.—AVERAGE CHANGES IN 


PROPERTIES FOR ALLOYS AC43A, AC41A, 
AND AG40A DURING 20 YEARS’ EXPOS- 
oe URE AT THREE OUTDOOR AND TWO - 
INDOOR LOCATIONS. 
ENSILE STRENGTH PsI 
48.600 |43 000 —12 : 
4 AC4I1A...3:.. 44 300 |34 500 —22 
36 900 |31 700 —14 
RookweE..t E HarpNess orld ine 
ELONGATION IN 2 IN,, PER CENT 
ptt. of Yi Vall 
DIMENSIONAL CHANGE, IN. PER IN. ‘rimanndae tut of 
|) 
TABLE II.—ALLOY COMPOSITIONAL LIMITS. 
AC43A AC41A AG40A 
(XXV) (XXIID* 
Aluminum, per cent............., 3.5 to 4.5 3.5 to 4.3 3.5 to 4.3 
2.5 to 3.5 0.75 to 1.25 0.03 max 
Magnesium, per cent............. 0.02 to 0.10 0:03 to 0.08 0.03 to 0.08 
0.007 max 0.007 max 0.007 max 
Cadmium, per cent............... 0.005 max 0.005 max 0.005 max 
0.005 max 0.005 max 0.005 max 


* Specimens of alloy AG40A from two producers were not included in any of the tests of this 
program because they were off grade in chemical composition. 
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Code Identi- 
Producers of Test Specimens: = 
Apex Smelting Co................ 
Doehler-Jarvis Division, National 


The Superior Die Casting Co.... . . 
Stewart Die Casting Div., Stewart- 

The New Jersey Zinc. Co......... 


No Woy 


Die Casting Technique: 


All test bars were die cast in standard 
dies? and under the following standard 
casting conditions: 


Calculated pressure on 
metal 


In excess of 1000 


psi 
Not over 800 F 
Above 350 F 


Metal Temperature........ 
Die Temperature 


Original Properties: 


All original mechanical property tests 
were scheduled to be made after a mini- 
mum of three months’ aging. This prac- 
tice was agreed upon since it was known 
to be impossible for all producers to pre- 
pare their test bars at the same time but 
still a sound comparison basis was neces- 
sary. Actually, the die casting was done 
over a period of a month; therefore, no 
bars were aged four months while adher- 
ing to the minimum of three months. 
This minor aging spread had no signifi- 
cant effect on the original properties. 

There were significant differences, how- 
ever, in the properties of the bars for the 
various producers, some of which are ex- 
plainable on the basis of allowable varia- 
” tions in composition. For instance, the 
spread in tensile strength for the different 
es producers of alloy AC43A is due to the 
variations in their copper contents. The 
highest tensile strength appeared in the 
S bars which had the highest copper con- 
tent (3.0 per cent), and the lowest tensile 
strength occurred in the P bars which 

2G. L. Werley, “A Study of Die Design 
* Changes for the Improvement of the Soundness 


8 and Uniformity of Test Bars,’’ Proceedings, Am. 
Soc. Testing Mats., Vol. 37, Part 1, p. 223 


(1937). 
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had the lowest copper content (2.6 per 
cent). All other producers had interme- 
diate copper contents and intermediate 
tensile strengths. 
Properties After 20-yr Aging: 

AC43A exhibited the predicted em- 
brittlement and dimensional growth, 
either of which are undesirable in many 
die casting applications. These factors 
were responsible for the obsolescence of 
the alloy and its removal from the ASTM 
Specification B 86 prior to the completion 
of the 20-yr exposure tests. 

AC41A and AG40A both exhibited a 
high degree of permanence of mechanical 
properties and an almost complete stabil- 
ity of dimensions during 20 yr of severe 
atmospheric conditions, including sea- 
coast and tropical exposures. 

The individual test results including 
those for the intermediate exposure peri- 
ods of 5 and 10 yr are tabulated in Ta- 
bles IIT, IV, and V. 
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Western Electric Co. 
Westinghouse Air Brake Co. 


Tr 
m@ 
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Exposure Services 
Bell Telephone Laboratories, Inc. 


Pennsylvania Railroad 
Pennsylvania State University ea 

L. B. Sartain 
University of Arizona 


Respectfully submitted on behalf of 
the subcommittee, 


D. H. KiLeppincer, Chairman 


GrorcE L. WERLEY 
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REPORT OF COMMITTEE 
LIGHT METALS AND ALLOYS, CAST AND WROUGHT* ee 


Committee B-7 on Light Metals and 
Alloys, Cast and Wrought, held two 
meetings during the year: on June 30, 
1960, in Atlantic City, N. J., in conjunc- 
tion with the Annual Meeting of the So- 
ciety; and on December 8, 1960, in 
Washington, D. C. The subcommittees 
and the Advisory Committee met prior 
to the committee meetings. 

The committee consists of 98 members, 
all of whom are voting members; 36 are 
classified as producers, 39 as consumers, 
and 23 as general interest members. 

Paul P. Mozley and Gordon C. Mutch, 
who have been members of the commit- 
tee since 1945 and 1954 respectively, re- 
signed because of retirement or pending 
retirement. 

Appointment of the following repre- 
sentatives to other ASTM committees 
was made: G. W. Stickley to Subcom- 
mittee 6 and Subcommittee 30 of Com- 
mittee E-1 on Methods of Testing to 
replace F. M. Howell; L. H. Adam to 
Subcommittee 14 of Committee E-1 to re- 
place A. Mendizza; and I. V. Williams to 
the Council of the Division of Material 
Sciences. 

The Advisory Committee continued to 
function as advisor to the American 
Standards Assn. in its representation of 
the United States as a participating mem- 
ber of Technical Committee 79 on Light 
Metals and Their Alloys of the Interna- 
tional Organization for Standardization. 


*Sixty-fourth Annual Meeting of the 
Society, June 25-30, 1961. 

1 The following ISO Recommendations have 
been accepted by the ISO Council for publica- 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The committee recommends one new 
specification for publication as tentative, 
revisions in one tentative specification 
and its continuation as tentative, contin- 
uation of one tentative without revision, 
adoption of one tentative as standard 
without revision, adoption of 15 tenta- 
tives as standard with revisions, and re- 
vision of 7 standards for immediate adop- 
tion. The standards and tentatives 
affected, together with the revisions rec- 
ommended, are covered in detail in 
Appendix I to this report.” 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Aluminum and 
Aluminum Alloy Ingots (D. L. LaVelle, 
chairman) revised the Standard Specifi- 
cation for Aluminum-Base Alloys in 
Ingot Form for Sand Castings, Die Cast- 
ings, and Permanent Mold Castings 
(B 179 — 60) to delete reference to deter- 


tion during the past year: 
R164—Composition of Aluminum Alloy Cast- 
ings, 
R190—Tensile Testing of Light Metals and 
Their Alloys, 
R191—Brinell Hardness Test for Light Met- 
als and Their Alloys, and 
R192—Diamond Pyramid Hardness Test for 
Light Metals and Their Alloys. 
2 See p. 286. 
3 The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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mining electrical resistivity or conduc- 
tivity on specimens machined from the 
ingot, as shown in Appendix I to this re- 
port. A task group is developing recom- 
mendations for revisions in chemical 
composition limits and addition of more 
alloys to the specification. 

Subcommittee II on Aluminum Alloy 
Castings (D. L. Colwell, chairman) rec- 
ommends that the Tentative Specifica- 
tion for Aluminum-Base Alloy Perma- 
nent Mold Castings (B 108-59T) be 
continued as tentative since a revision is 
being developed to add tensile require- 
ments for test bars machined from cast- 
ings of alloys SC51B and SG70B. 

The subcommittee is cooperating with 
Subcommittee I in developing revisions 
in chemical composition limits and addi- 
tion of more alloys to the Tentative 
Specification for Aluminum-Base Alloy 
Sand Castings (B 26-60T) and the 
Tentative Specification for Aluminum- 
Base Alloy Permanent Mold Castings 
(B 108-59 T), and has requested the 
Die Casting and Permanent Mold Divi- 
sion of the American Foundrymen’s So- 
ciety to attempt to develop a standard 
design for a permanent mold for alumi- 
num alloy test bars. 

Subcommittee IIT on Wrought Alumi- 
num and Wrought Aluminum Alloys (H. 
D. Monsch, chairman) developed the 
new Tentative Specification for Alumi- 
num Foil for Capacitors appended to this 
report.‘ 

The subcommittee revised the specifi- 
cations under its jurisdiction to specify 
the minimum size of subsize tension test 
specimens; to add new alloys and tem- 
pers; and to revise chemical require- 
ments, tensile requirements, and dimen- 
sional tolerances to bring them into 
agreement with the latest industry prac- 
tice. In addition, the Tentative Speci- 
fication for Aluminum-Alloy Drawn 
Seamless Tubes for Condensers and 


‘The new tentative appears in the 1961 Book 
of ASTM Standards, Part 2. 
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Heat-Exchangers (B 234-60 T) was 
revised with the assistance of repre- 
sentatives from the Heat Exchange Inst. 
to specify dimensional tolerances needed 
for the intended use of the product, to 
add expansion test requirements, and 
to provide for deburring of tube ends 
when desired by the purchaser. The re- 
visions are included in Appendix I to 
this report. 

Subcommittee IV on Magnesium and 
Magnesium Alloys, Cast and Wrought 
(A. A. Moore, chairman) revised the 
Standard Specification for Magnesium- 
Base Alloy Sand Castings (B 80 - 59) to 
add alloy QE22A and to increase tensile 
yield strength requirements on other 
alloys; revised the Standard Specification 
for Magnesium-Base Alloy Sheet and 
Plate (B 90 — 60) to bring the tensile re- 
quirements and dimensional tolerances 
into agreement with latest industry 
practice; revised the Standard Specifica- 
tion for Magnesium Ingot and Stick for 
Remelting (B 92 — 60) to add 9990B mag- 
nesium, which is used as a reducing agent 
in production of nuclear grade metals; 
and revised the Standard Specification 
for Magnesium-Base Alloy Bars, Rods, 
and Shapes (B 107-60) to change the 
temper designation from T51 to TS for 
alloy AZ80A, and to revise angularity 
tolerances. The revisions are included in 
Appendix I to this report. 

Subcommittee V on Testing Light Metals 
(J. C. Millson, chairman) is cooperating 
with Subcommittee 4 on Tension Testing 
of Committee E-1 on Methods of Testing 
(1) in establishing equivalence of subsize 
flat tension test specimens with the 
standard flat specimen shown in Fig. 7 of 
Methods of Tension Testing of Metallic 
Materials (E 8 - 57 T), and in establish- 
ing standard sizes for subsize flat speci- 
mens; (2) in resolving discrepancies be- 
tween Method E 8 and Federal Test 
Method Standard No. 151; and (3) in 
making these standards more specific 


f 
7 J 


concerning specimens for testing light 
metals. The subcommittee is also review- 
ing sampling requirements in ASTM and 
Government specifications for light met- 
als in preparation for making recom- 
mendations for achieving greater uni- 
formity in the sampling requirements. 

Subcommittee VII on Codification of 
Light Metals and Alloys, Cast and 
Wrought (C. B. Gleason, chairman) re- 
vised the Recommended Practice for 
Codification of Light Metals and Alloys, 
Cast and Wrought (B 275 — 59) to change 
its scope to exclude wrought aluminum 
and its alloys, to add examples explain- 
ing the codification practice, and to 
specify standard methods for expressing 
chemical composition limits for alumi- 
num and magnesium and their alloys; 
and revised the Recommended Practice 
for Temper Designation of Light Metals 
and Alloys, Cast and Wrought (B 296 - 
56) to amplify it and to define some re- 
cently developed tempers. The revisions 
are included in Appendix I to this re- 
port. The subcommittee also compiled 
the list of alloy designations assigned in 
conformance with Recommended Prac- 
tice B 275, and the ASTM specifications 
in which the alloys appear, which is Ap- 
pendix II to this report.® 

Subcommitiee VIII on Atmospheric 
Exposure Tests (L. H. Adam, chairman) 
has test specimens of 27 aluminum and 8 
magnesium commercial alloys, cast and 
wrought, at five ASTM atmospheric ex- 
posure test sites: on top of the Port Au- 
thority Building, New York City, for 
industrial atmospheric conditions; at 
State College, Pa., for rural; at Kure 
Beach, N. C., for Atlantic Coast marine; 
at Point Reyes, Calif., for Pacific Coast 
marine; and at Freeport, Tex., for Gulf 
Coast marine atmospheric conditions. 
Data have been published in ASTM 
ee, for specimens exposed six 


months, one year, and three years, and 
for cast specimens exposed five years. 
Data obtained from wrought aluminum 
and magnesium alloys exposed for five 
years are given in Appendix III to this 
report.” 

Subcommitiee IX, Editorial (J. J. Mar- 
tin, chairman) is preparing Recommen- 
dations on Form of ASTM Committee 
B-7 Specifications to supplement Pro- 
posed Recommendations on Form of 
ASTM Specifications, April, 1957, which 
have been approved as a guide, insofar 
as practical, for writing and revising B-7 
specifications. Standardization of sec- 
tion titles, sequence, and wording, and 
form, titles, and headings of tables is be- 
ing attempted. 

Special Subcommiitee on Light Metals 
for Nuclear Applications (W. G. Groth, 
chairman) cooperated with Subcommit- 
tee IV in revising the Standard Specifi- 
cation for Magnesium Ingot and Stick 
for Remelting (B 92-60) to add high- 
purity magnesium 9990B for use as a re- 
ducing agent in the production of nu- 
clear-grade metals, as shown in Appendix 
I to this report. The subcommittee has 
not made recommendations for addition 


® Data for 6-month and 1-yr exposures: L. H. 
Adam and M. Dougherty, “Atmospheric 
Exposure of Wrought Aluminum and Mag- 
nesium Alloys,’’ Proceedings, Am. Soc. Testing 
Mats., Vol. 55, p. 284 (1955); L. H. Adam, 
“Atmospheric Exposure of Aluminum and 
Magnesium Sand and Permanent Mold Cast- 
ings,”’ Proceedings, Am. Soc. Testing Mats., 
Vol. 54, p. 270 (1954). 

Data for 3-yr exposures: L. H. Adam and 
M. Dougherty, ‘‘Atmospheric Exposure of 
Aluminum and Magnesium Sand and Per- 
manent Mold Castings,” Proceedings, Am. Soc. 
Testing Mats., Vol. 58, p. 194 (1958); L. H. 
Adam and Marie Dougherty, ‘Atmospheric 
Exposure of Wrought Aluminum and Mag- 
nesium Alloys,” Proceedings, Am. Soc. Testing 
Mats., Vol. 59, p. 289 (1959). 

Data for 5-yr exposures: L. H. Adam and 
M. Dougherty, “Atmospheric Exposure of 
Aluminum and Magnesium Sand and Per- 
manent Mold Castings,”” Proceedings, Am. Soc. 
Testing Mats., Vol. 60, p. 186 (1960). 
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of special alloys to the specifications for 
aluminum products because the standard 
alloys covered by the specifications are 
considered suitable for nuclear applica- 
tions. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 98 members; 83 members re- 
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R. B. Situ, 
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turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 


Secretary. 


the committee, 


R. A. 


on 
te 


Harris, 
Chairman. 


ay Fey 


nel 
woe 


va 


|, 


Me 


koe 


- wr row fom. (Td - (OE 


as 


(pape 


hie 


ay, 


gt ide 
han | 


woul? 


ink 
~ 4 


| 
| 
| 
k 
3 
x 
iS 
n 
ic | 
4 
ig 
n, 
id 
t- 
of | 
Cc. = i 
ng 
nd 


‘akin 


APPENDIX I 


- PROPOSED RECOMMENDATIONS AFFECTING STANDARDS ON 
LIGHT METALS AND ALLOYS, CAST AND WROUGHT 


In this Appendix are given the 
recommendations affecting certain stand- 
ards and tentatives covering light 
metals and alloys which are referred to 
earlier in this report. The standards and 
tentatives appear in their present form 
in the 1958 Book of ASTM Standards, 
Part 2, or in the 1959 or 1960 Supple- 


ments to Book of ASTM Standards, 


Part 2. 


NEw TENTATIVE 


The committee recommends for publi- 
cation as tentative the Specification for 
Aluminum Foil for Capacitors as ap- 
pended hereto.! 


REVISION OF TENTATIVE 


The committee recommends revisions 
as follows of the Tentative Specification 
for Factory Made Wrought Aluminum 
and Aluminum-Alloy Welding Fittings 
(B 361-60T) and continuation of the 
specification as tentative: 

Section 8(a)—Change to read as 
follows: 


8. (a) The sizes, shapes and dimensions, and, 
unless otherwise specified, the end preparation 
(Note 2), shall be as specified for fittings covered 
by the American Standard for Steel Butt Weld- 
ing Fittings (ASA No.: B16.9) and the Ameri- 
can Standard for Steel Socket Welding Fittings 
(ASA No.: B16.11). 


New Note 2——Add the following 
New Note 2 after Section 8(a), re- 
numbering the present Notes 2 and 3 
accordingly: 


1 The new tentative appears in the 1961 Book 
of ASTM Standards, Part 2. 
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Note 2.—Other end preparations have been 
developed which appear to be superior to the 
straight bevel, such as “V” groove of the Ameri- 
can Standards (ASA No.: B16.9 and No.: 
B16.11), under many circumstances. They may 
be specified when desired. The so-called “modi- 
fied vee” end preparation described in the 
American Welding Society document ‘“Recom- 
mended Practices for Gas Shielded-Arc Welding 
of Aluminum and Aluminum Alloy Pipe (AWS 


D10.7-60) is one example. 


ADOPTION OF TENTATIVE AS 
STANDARD WITHOUT 
REVISION 


The committee recommends that the 
Tentative Specification for Aluminum- 
Alloy Drawn Seamless Coiled Tubes for 
Special Purpose Applications (B 307 - 
60T) be approved for reference to 
letter ballot of the Society for adoption 
as standard without revision. 


ADOPTION OF TENTATIVES AS 
STANDARD WITH REVISION 


The committee recommends that the 
following 15 tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard with revisions 
as indicated: 


Tentative Specification for Aluminum- 
Alloy Sheet and Plate (B 209 - 60 T): 


Section 7—Change the second 
sentence to read: “Requirements for 
yield strength are included for such 
applications as pressure vessels, but for 
most applications involving the use of 
alloys 1060, 1100, 5005, 5050, 5052, 
5652, 5154, 5254, 3003, Alclad 3003, 
3004, and Alclad 3004, yield strength is 
not important.” 


AFFECTING LIGHT METALS AND ALLOYS 


Table II.—Delete footnote from 
the minimum and maximum  jield 
strength values for the O, H32, H34, 
and H1i13 tempers of alloy 5083; the 
O, H32, H34, H36, and H112 tempers 
of alloy 5086; the O, H32, H34, and 
Hii2 tempers of alloy 5454; and the 
O, H24, and H321 tempers of alloy 5456. 

Section 9—Change the second and 
succeeding sentences to read as follows: 


For sheet and plate less than 0.500 in. in 
thickness, the standard sheet-type specimen 
shown in Fig. 7 of the Methods of Tension 
Testing of Metallic Materials (ASTM Designa- 
tion: E 8) shall be used. For plate 0.500 in. or 
over in thickness, the standard specimen } in. in 
diameter shown in Fig. 8 of Methods E 8 shall 
be used, unless the size of the material makes 
this impracticable. In such cases, round speci- 
mens of smaller size proportional to the standard 
specimen shown in Fig. 8 of Methods E8 may 
be used provided that in no case shall the di- 
mensions of the smallest specimen be less than 
the following: 


Diameter of reduced section, in.........: \% 
Length of reduced section, in............ 1% 
Diameter of end section, in.............. 3 
Over-all length, in.: 
With threaded or shouldered ends. ... . 3 
With plain cylindrical ends........... 4 
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Tentative Specification for Aluminum- 
Alloy Drawn Seamless Tubes (B 201 
~ 60 T): 

Table I——Change the maximum zinc 
limit for alloys 5052 and 5652 from 
“0.20” to “0.10.” Change the note 
referenced for the iron and silicon limits 
for 5652 from “c” to “f” and add the 
following new footnotes: 


‘Iron plus silicon shall not exceed 1.0 per 
cent. 


‘Iron plus silicon shall not exceed 0.40 per 
cent. 


Add alloy 1100 with the following 
chemical requirements: 


Aluminum, per cent........... 99.00 min? 
Copper, per cent.............. 0.20 
Silicon, per cent............... e 
Manganese, per cent........... 
Other elements, per cent ' 
0.05— 


Table II.—Add the alloys, tempers, 
and tensile requirements shown in the 
accompanying Table I. 

Section 8 —Revise to read: 

8. Tension test specimens from round tubes 
2 in. or less in outside diameter and from square 
tubes 14 in. or less on a side shall be of the full 
section of the tube unless the limitations of the 
testing machine preclude the use of such a 


TABLE I.—TENSILE REQUIREMENTS. 
(Additions to Table II of Specification B 210 - 60 T) 


tion in 2 in. or 
he Tensile Strength, psi F ~ iameter, min, 
- Alloy Temper Wall Thickness, in. Strength, 
hr i min, psi® 
Maximum | Minimum Section | Cutout 
Specimen Specimen 
a 0.014 to 0.500 15 500 4% 
H12 0.014 to 0.500 ae 14 000 
0.014 to 0.500 16 000 
mee... 0.014 to 0.500 19 000 
0.014 to 0.500 22 000 
5652 { 0.018 to 0.450 31 000 
a H36. 0.018 to 0.450 37 000 
| 0.010 to 0.500 22 000 
5052. . tal H32. 0.010 to 0.450 31 000 
| 0.010 to 0.500 | 17 
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specimen. For tubes of larger size, or when it is 
not possible to test the full section, the standard 
specimens shown in Fig. 7 or Fig. 8 or as speci- 
men No. 1 of Fig. 13 of the Methods of Tension 
Testing of Metallic Materials (ASTM Designa- 
tion: E 8) may be used. When the size of the 
material makes it impracticable to use any of 
these specimens, round specimens proportional 
to the standard specimen shown in Fig. 8 of 
Methods E 8 may be used provided that in no 
case shall the dimensions of the smallest speci- 
men be less than the following: 


Diameter of reduced section, in.......... 4 
Length of reduced section, in............ 144 
Diameter of end section, in.............. 34 
Over-all length, in.: 

With threaded or shouldered ends. .... 3 

With plain cylindrical ends........... 4 

Table III—Add reference to alloy 
1100 in Columns 2 and 3. 


Table IV—Add reference to alloy 
1100 in Columns 2 and 3. 

Table V=—Delete Footnote a, and 
reference thereto. Change the heading 
of the second column to read: “At 
Corners, Square and Rectangular.” 
Revise the size ranges in the first column 
to read: “0.500 and less, 0.501 to 1.000, 
1.001 to 2.000, 2.001 to 3.000, 3.001 to 
5.000, 5.001 to 6.000, 6.001 to 8.000, 
8.001 to 10.000, over 10.000.” 

New Table-——Add a new Table VI to 
read as shown in the accompanying 
Table II,? and renumber present Tabie 
VI and succeeding tables accordingly. 

Section 13—Revise to read: “Varia- 
tion from the specified or nominal 
dimensions shall not exceed the amounts 
prescribed in Tables III, IV, V, VI, 
VII, VIII, IX, X, XI, XII, and XIII.” 


Tentative Specification for Aluminum- 
Alloy Bars, Rods, and Wire (B 211- 
60 T): 

Table I—For alloy 5652, change the 
footnote reference “c” appearing in 
Columns 4 and 5 to read “g.” 

2 The new table is not included in this report 


but appears in the revised specification; see 1961 
Book of ASTM Standards, Part 2. po 


Add a new Footnote g at the 
bottom of the table to read, “*The 
permissible maximum amount of iron 
plus silicon is 0.40 per cent.” 

For alloys 5052 and 5652, change the 
maximum zinc percentage from “0.20” 
to “0.10.” 

Table IIJ—In Column 2 after the 
word “Temper” add reference to Foot- 
note 1. 

In second column for alloy 2024 
revise “T4” to read “T4 and T351".” 

For alloy 2017 revise “T4’” to read 
“T4 and T451*.” 

For alloy 2014 revise “T4” to read 
“T4 and T451” and revise “T6” to 
read “T6 and T651*.” 

For alloy 6061 revise “T4’” to read 
“T4 and T451” and revise “T6” to 
read “T6 and T651*.” 

For alloy 7075 revise ““T6” to read 
“T6 and T651".” 

For alloy and temper 2024-T4 and 
T351 change the elongation percentage 
for thickness 0.125 to 6.500° from “14” 
to “10.” 

For alloy and temper 2017-T4 and 
T451 change the elongation percentage 
for thickness 0.125 to 8.000/ from “16” 
to “12.” 

For alloy and temper 2014-T4 and 
T451 change the thickness increment 
now reading “0.125 to 6.750°” to read 
“0.125 to 8.000°.” 

For alloy and temper 2014-T6 and 
T651 change the thickness increment 
now reading “0.125 to 6.750°” to read 
“0.125 to 6.500.” 

Add a new Footnote / at bottom of 
table to read: “*For stress-relieved 
tempers, characteristics and properties 
other than those specified may differ 
somewhat from the corresponding char- 
acteristics and properties of material 
in the basic tempers.” 

Add a new Footnote i at bottom of 
table to read:“‘For explanation of 
temper designation, see Recommended 
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Practice for Temper Designation of 
Light Metals and Alloys, Cast and 
Wrought (ASTM Designation: B 296).” 

Add alloys, tempers, and tensile 
requirements as shown in the ac- 
companying Table III? 

Section 8(a)—Revise to read as 
follows: 


“Tension test specimens shall be the full 
section of the material, or specimens machined 
from it. Machined specimens may be the stand- 
ard sheet-type specimen shown in Fig. 7 of the 
Methods of Tension Testing of Metallic Ma- 
terials (ASTM Designation: E 8) or the stand- 
ard specimen $ in. in diameter shown in Fig. 8 
of Methods E8. If the size and shape of the 
material makes it impracticable to use any of 
these specimens, then round specimens of 


straightness, deviation from flat (flat surfaces) 
angularity, and squareness of cut ends shall not 
exceed the amounts specified in Tables VIII, 
IX, X, XI, XII, XIII, and XIV. 


Table III—Revise to read as shown 
in the accompanying Table IV? in- 
cluding the revisions in the title and 
headings. 

Table IV—Replace with the ac- 
companying Table V.? 

Table V—Delete and replace with a 
new table as shown in the accompanying 
Table VI.? 

New Table—Add new Table VI as 
shown in the accompanying Table VII.? 

Table VI—Renumber as Table VII. 


TABLE XIII.—CHEMICAL REQUIREMENTS. 
(Additions to Table I, Specification B 221 — 60 T) 


Alloy 6351 7079 7178 
Aluminum, per cent.............. remainder remainder remainder 
Copper, POP COME... 0.10 0.40 to 0.8 1.6 to 2.4 
Manganese, per cent............. 0.40 to 0.8 0.10 to 0.30 0.30 oh 
Magnesium, per cent............. 0.40 to 0.8 2.9 to3.7 2.4 to3.1 ty 
3.8 to4.8 6.3 to7.3 
Chromium, per cent.............. bite 0.10 to 0.25 0.18 to 0.40 
Titanium, per cent............... 0.20 0.10 0.20 ai 
Other elements, per cent: es 


smaller size proportional to the standard speci- 
men shown in Fig. 8 of Methods E8 may be 
used, provided that in no case shall the dimen- 
sions of the smallest specimen be less than the 
following: 


Diameter of reduced section, in.......... % 
Length of reduced section, in............ 14 
Diameter of end section, in............. 34 
Over-all length, in.: 
With threaded or shouldered ends. .... 3 
With plain cylindrical ends........... 4 


Section 12—Change the heading to 
read “Dimensional Tolerances,” and 
revise the Section to read: 


12. Variations from specified dimensions for 
the class of material ordered shall not exceed 
the amounts specified in Tables III, IV, V, VI, 
and VII as applicable. The degrees of twist, 


Table VII—Renumber as Table 
XI and change the title to read, “‘Per- 
missible Variations from Straightness 
of Rolled or Cold-Finished Rod and 
Bar in All Tempers Except O, T351, 
T451, T651.” 

Table VIII.—Revise to read: “Allow- 
able deviation from square: 1 deg.” 

New Tables—Add new Tables IX, 
X, XII, XIII, XIV as shown in the 
accompanying Tables VIII, IX, X, XI, 
XII? 


Tentative Specification for Aluminum- 
Alloy Extruded Bars, Rods, and 
Shapes (B 221 - 60 T): 


Table I—Delete the chemical re- 
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quirements for alloys 5254 and 6053 
and add chemical requirements for 
alloys 6351, 7079, and 7178 as shown in 
the accompanying Table XIII. Change 
per cent aluminum for alloy 1100 to 
read: “99.00.” Delete column headed 
“Beryllium.” 

Table II—Delete the tensile re- 
quirements for alloys 5254 and 6053, 
add tensile requirements for alloys 6351, 
7079, and 7178 and change to read as 
shown in the accompanying Table XIV. 

Section 7-—Change the second 
sentence to read: “Requirements for 
yield strength are included for such 
applications as pressure vessels, but for 
most applications involving the use of 
alloys 1100, 3003, and 5154, yield 
strength is not important.” 

Section 8(a)——Change to read as 
follows: 


8. (a) Tension test specimens shall be the 
full section of the material, or specimens ma- 
chined from it. Machined specimens may be the 
standard sheet-type specimen shown in Fig. 7 
of the Methods of Tension Testing of Metallic 
Materials (ASTM Designation: E8) or the 
standard 4-in. diameter specimen shown in Fig. 
8 of Methods E 8. If the size and shape of the 
material make it impracticable to use any of 
these specimens, then round specimens of 
smaller size proportional to the standard speci- 
men shown in Fig. 8 of Methods E8 may be 
used, provided that in no case shall the dimen- 
sions of the smallest specimen be less than the 
following: 


Diameter of reduced section, in.......... 14 
Length of reduced section, in............ 14 


Diameter of end section, in.............. 
Over-all length, in.: 

With threaded or shouldered ends. .... 3 

With plain cylindrical ends........... 4 

Section 12—Change the heading to 
“Dimensional Tolerances” and revise 
the section to read: “Variations from 
the specified dimensions for the class 
or type of. materials ordered shall not 
exceed the amounts specified in Tables 
Ill, IV, V, VI, VII, VIII, TX, X, XI, 
XU, XI, XIV, and MV." 


New Tables—Add new Tables III 
through XV as shown in the accompany- 
ing Tables XV through XXVII2 


Tentative Specification for Aluminum- 
Alloy Drawn Seamless Tubes for 
Condensers and Heat Exchangers 
(B 234 - 60 T): 

Section 1—Change to read: “This 
specification covers aluminum-alloy 
drawn seamless tubes, designated as 
shown in Table I, for use in surface 
condensers, evaporators, and heat ex- 
changers.” 

Section 2.—Insert the following new 
Item 7 and renumber present Items 7 
and 8 accordingly: “(7) Whether cut 
ends of the tube are to be deburred 
(Section 16(5)).” 

Section 5(a)—Change the first 
sentence to read as follows: “Samples 
for chemical analysis of alloys 1060, 
3003, 5052, 5454, 6061, and 6062 shall 
be taken in accordance with the Method 
of Sampling Wrought Non-Ferrous 
Metals and Alloys for Determination of 
Chemical Composition (ASTM Designa- 
tion: E 55), except that the weight of 
the prepared sample may be a minimum 
of 75 g.” 

Table I—Add alloys 5052 and 5454 
with the following chemical require- 
ments: 


5052 5454 
Aluminum, percent. remainder remainder 
Copper, per cent... 0.10 0.10 
Iron, per cent...... e 4 
Silicon, per cent... . 
Manganese, per 
es 0.10 0.50 to 1.0 
Magnesium, per 
eee 2.2 to 2.8 2.4 to 3.0 
Zinc, per cent...... 0.10 0.25 
Chromium, per 
0.15 to 0.05 to 
0.35 0.20 
Titanium, per cent. . oe 0.20 
Other elements, 
per cent 
0.05 0.05 


Change reference to Footnote c after 
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the aluminum limit for 1060 to read 
“e.” Delete the present Footnote c, and 
add the following new footnotes: 


¢Tron plus silicon shall not exceed 0.45 per 
cent. 
4Tron plus silicon shall not exceed 0.40 per 


t. 

¢The aluminum content for unalloyed 
aluminum not made by a refining process is the 
difference between 100.00 per cent and the sum 
of all other metallic elements present in amounts 
of 0.010 per cent or more each, expressed to the 
second decimal. 


Table II—Add the alloys, tempers, 
and tensile requirements shown in the 
accompanying Table XXVIII. Change 
the wall thickness increment for 6061-T4, 
-T6 and for 6062-T4, -T6 from ‘0.050 
to 0.200” to read “0.050 to 0.249.” 
Add the following new Footnote ¢ and 
reference it in the heading of the second 
column: 


¢ These temper designations were established 
in accordance with the Recommended Practice 
for Temper Designation of Light Metals and 
Alloys, Cast and Wrought (ASTM Designa- 
tion: B 296). 


Section 8 —Change to read as follows: 


8. Tension test specimens shall be of the full 
section of the tube unless the limitations of the 
testing machine preclude the use of such a 
specimen. When it is not possible to test the full 
section, the standard specimen shown in Fig. 7 
or specimen No. 1 of Fig. 13 of the Methods of 
Tension Testing of Metallic Materials (ASTM 
Designation: E 8) may be used. When the size 
of the material makes it impracticable to use 
any of these specimens, round specimens propor- 
tional to the standard specimen shown in Fig. 8 
of Methods E 8 may be used provided that in 
no case shall the dimensions of the smallest 
specimen be less than the following: 


Diameter of reduced section, in.......... \% 
Length of reduced section, in............ 1% 
Diameter of end section, in.............. 3¢ 
Over-all length, in.: 
With threaded or shouldered ends. .... 3 
With plain cylindrical ends........... 4 


Section 13—Delete and replace with 
the following new section with the 
heading “Expansion Test:” 


13. The tube ends shall be capable of being 
flared by driving a steel pin having a taper of 14 
in. per ft into the tube until the inside diameter 
has been increased 20 per cent. The expanded 
tube end shall show no cracking or rupture 
visible to the unaided eye. 


Section 15(a)—Revise the first 
sentence to read as follows: 


When measured by use of “go” and “no-go” 
ring gages, the outside diameter of 1060, 3003, 
Alclad 3003, 5052, and 5454 alloy tubes shall not 
vary from that specified by more than the 
amounts prescribed in Table IV, and the out- 
side diameter of tubes in alloys 6061 and 6062 
shall not vary from that specified by more than 
amounts prescribed in Table III. 


Section 15(b)—Change reference to 
Table IV to read “Table V.” 

Section 15(c)—Change reference to 
Table V to read “Table VI.” 

Section 15(d)—Change reference to 
Table VI to read “Table VII.” 

Table II I—Change the title to read: 
“Permissible Variations in Diameter of 
6061 and 6062 Alloy Tubes.” 

New Table-—Add a new Table IV as 
shown in the accompanying Table 
XXIX. 

Table IV—Renumber as Table V. 

Table V—Renumber as Table VI 
and revise to read as shown in the 
accompanying Table XXX.? 

Table VI—Renumber as Table VII 
and change the diameter range in the 
first column to read: “0.375 to 2.000, 
incl.” 

Section 16.—Change to read as follows: 


16. (a) Unless otherwise agreed upon by the 
manufacturer and the purchaser, tubes shall be 
supplied in the mill finish and shall be of uniform 
quality and temper, clean, sound, and free from 
injurious defects. 

(b) When so specified on the purchase order, 
the cut ends of the tubes shall be deburred by 
use of a wire wheel, file, or other suitable tool or 
device. 


Appendix I—Change the second 
sentence to read: “Alloys 1060, 3003, 
5052, and 5454 are supplied in a strain- 
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hardened temper to meet the specified 
tensile and yield strengths.” 


Tentative Specification for Aluminum- 
Alloy Extruded Tubes (B 235 - 60 T): 


Revise as appended hereto. 


Tentative Specification for Aluminum 
Bars for Electrical Purposes (Bus 
Bars) (B 236 - 59 T): 


Section 6—Add the following note: 


Nore.—For purposes of determining con- 
formance with this specification, each value for 
electrical resistivity shall be rounded off to the 
nearest unit in the last right-hand place of 
figures, in accordance with the rounding-off 
method of the Recommended Practices for 
Designating Significant Places in Specified 
Limiting Values (ASTM Designation: E 29). 

Section 14.—Delete the section and 
renumber subsequent sections accord- 


ingly. 
Tentative Specification for Aluminum- 
Alloy Pipe (B 241 - 60 T): 


Table I—Revise title and table 
format and add requirements for alloys 
5154, 5254, and 6351 as shown in the 
accompanying Table XXX1I.? 

Section 7—Change the heading to 
read “Specified Mechanical Properties,” 
and change the section to read as 
follows: 


7. Pipe shall be supplied in the alloy and 
temper specified in the contract or purchase 
order and shall conform to the requirements as 
to tensile properties prescribed in Table II. 
Requirements for yield strength are included 
for such applications as pressure vessels, but for 
most applications involving the use of alloys 
3003, 5154, and 5254, yield strength is not im- 
portant. For these alloys, yield strength need 
not be determined, unless specifically indicated 
in the contract or purchase order. 


Table II.—Revise table title and 
format, and add _ requirements for 
alloys 5154, 5254, and 6351 as shown 
in the accompanying Table XXXII? 

Table II I.—Revise table title, format 


3 The revised specification appears in the 1961 
Book of ASTM Standards, Part 2. 
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and coverage asshown in the accompany- 
ing Table XXXIII.? 
Section 8 —Change to read as follows: 


8. Tension test specimens of pipes 14 in. or 
less in size shail be a full section of the pipe un- 
less the limitations of the testing machine pre- 
clude the use of such a specimen. For pipe sizes 
larger than 14 in., or when it is not possible to 
test the full section, the standard specimens 
shown in Fig. 7 or Fig. 8 or specimen No. 1 of 
Fig. 13 of the Methods of Tension Testing of 
Metallic Materials (ASTM Designation: E 8) 
may be used. When the size of the material 
makes it impractical to use any of these speci- 
mens, round specimens proportional to the 
standard specimen shown in Fig. 8 of Methods 
E8 may be used provided that in no case shall 
the dimensions of the smallest specimen be less 
than the following: 


Diameter of reduced section, in.......... yy 
Lergth of reduced section, in............ 14 
Diameter of end section, in.............. 3% 
Over-all length, in.: 
With threaded or shouldered ends. ... . 3 
With plain cylindrical ends........... 4 


Section 12—Change the heading to 
read “Tolerances Applicable to Dimen- 
sions and Weight,” and change the 
Section to read as follows: 


12. (a) Diameter.—Outside diameter of pipe 
shall not vary from nominal outside diameter by 
an amount greater than that shown in Table IV. 
Specific minimum and maximum outside diam- 
eters are shown in Table ITI. 

(6) Wall Thickness—Wall thickness shall not 
vary from nominal wall thickness by an amount 
greater than that shown in Table V. For sched- 
ules 5 and 10 specific minimum and maximum 
wall thicknesses are shown in Table III. For 
schedules 20 and greater, specific minimum wall 
thicknesses are shown in Table ITI. 

(c) Length.—Length of individual pieces of 
pipe shall not vary from that specified by an 
amount greater than that shown in Table VI. 

(d) Weight.—Weight of pipe shall not vary 
from theoretical nominal by an amount greater 
than that specified in Table VII. Specific maxi- 
mum weights per foot for schedules 20 and 
greater are shown in Table III. 

(e) Straightness.—The pipe shall not vary 
from straight by an amount greater than that 
shown in Table VIII. 


Table I1V.—Change the table title 
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and format as shown in the accompany- 
ing XXXIV? 

Table V.—Change the table title and 
format as shown in the accompanying 
Table XXXV.? 

New Table—Add a new Table VI as 
| shown in the accompanying Table 
XXXVI? 

Table VJ.—Renumber as Table VII 
and change the table title and format 
: as shown in the accompanying Table 
| XXXVII? 
Table VII—Renumber as Table 
VIII and change the table title and 
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Diameter of end section, in............... 


Over-all length, in.: 
With threaded or shouldered ends...... 3 
With plain cylindrical ends............ 4 = 


The specimens may be machined from a 
section of the stock used for making the forgings, 
from a coupon forged from the stock, from a 
prolongation of the forging, or from one of the 
forgings in the lot. In all cases, the axis of the 
test specimen shall be as nearly parallel to the 
direction of maximum flow of metal as possible. 
Specimens representing heat-treated forgings 
shall be heat treated with the forgings they 
represent or shall be machined from coupons 
that have been so treated. 


TABLE XXVIII.—TENSILE REQUIREMENTS. 
(Additions to Table II of Specification B 234 — 60 T) 


Elongation in 2 in. or 
4X iameter,, min, 
Tensile Yield per cone 
Bley Temper® Wall Thickness, in. Strength, Strength, |- 
min, psi min, psi® Full- 
Section Cut-Out i 
Specimens Specimens : 
H25.. 0.010 to 0.200 22 000 19 000 o 
) Alclad 3003...... 0.010 to 0.200 21 000 18 000 
es ere 0.010 to 0.200 31 000 23 000 
0.010 to 0.200 34 000 26 000 
2] 
0.010 to 0.200 36 000 26 000 
. ees 0.010 to 0.200 39 000 29 000 


format as shown in the accompanying 
Table XXXVIII. 


t 

' Tentative Specification for Aluminum- 
, Alloy Die Forgings (B 247 - 60 T): 
Section 9—Change to read as follows: 
PF 9. Tension test specimens representing the 
‘ forgings shall be the standard 4-in. diameter 


specimen shown in Fig. 8 of the Methods of 
Tension Testing of Metallic Materials (ASTM 
y Designation: E 8). If the size and shape of the 
material makes it impracticable to use this 
specimen, round specimens of smaller size 


proportional to the standard specimen shown 
in Fig. 8 of Methods E 8 may be used, provided 
y that in no case shall the dimensions of the 
. smallest specimen be less than the following: 
Diameter of reduced section, in............ 4 
e Length of reduced section, in............. 14 


= 


Tentative Specification for Aluminum- 
Alloy Standard Structural Shapes, 
Rolled or Extruded (B 308 - 60 T): 


Table I.—Delete the column for beryl- 
lium, and add alloy 6351 with the 
following chemical requirements: 


Aluminum, per cent............ remainder 
Copper, per cent.............. 0.10 
Silicon, per cent............... 0.7 to 1.3 
0.50 
Manganese, per cent........... 0.40 to 0.8 
Magnesium, per cent........... 0.40 to 0.8 
Titanium, per cent............ 0.20 
Other elements, per cent: 

0.05 


Table II.—Add the alloys, tempers, 
and tensile requirements as shown in 
the accompanying Table XXXIX. 
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in the accompanying Table XL.? 
Section 8.—Change to read as follows: 


8. Tension test specimens shall be machined 
from the shape with the axis parallel to the 
length. They may be the standard sheet-type 
specimens shown in Fig. 7 of the Methods of 
Tension Testing of Metallic Materials (ASTM 
Designation: E 8) or the standard }-in. diam- 
eter specimen shown in Fig. 8 thereof, depend- 
ing on the size of the structural shape. If the 
size of the material makes it impracticable to 
use either of these two specimens, round speci- 
mens of smaller size proportional to the standard 
specimen in Fig. 8 of Methods E 8 may be used 
provided that, in no case shall the dimensions 
of the smallest specimen be less than the follow- 
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Table III. —Change to read as shown Coes: 


0.05 0.05 
Total 0.15 0.15 


* Silicon plus iron shall be 0.45 per cent, max, 
f Silicon plus iron shall be 0.40 per cent, max. 


Table IT.—Add tensile requirements 
for alloys 5052 and 5652 as shown in 
the accompanying Table XLI. 

Section 8.—Change to read as follows: 


8. (a) Tension test specimens shall be the 
full section of the material, or specimens 
machined from it. Machined specimens may be 
the standard }-in. diameter specimen shown in 
Fig. 8 of the Methods of Tension Testing of 
Metallic Materials (ASTM Designation: E 8). 
If the size of the material makes it impracticable 


ing: ,: to use either of these two specimens, round 
TABLE XXXIX.—TENSILE REQUIREMENTS. 
ss (Additions to Table II of Specification B 308 - 60 T) 
Tensile via =| 
Alloy Temper Thickness, in. Area, sq in. Strength, Strength, Diameter, 
pe min, per cent 
ee Hill 5.000 and under | 32 and under 44 000 26 000 12 
Rt 0.749 and under pee 35 000 21 000 17 
Ae . are 0.749 and under 42 000 37 000 10 


Tentative Specification for Aluminum- 
Alloy Round Welded Tube (B 313 - 
60 T): 

Table I.—Change the maximum limit 


for zinc for alloy 5052 from “0.20” to 
“0.10.” 


Tentative Specification for Aluminum- 
Alloy Rivet and Cold Heading Wire and 
Rods (B 316 - 60 T): 


Table I—Add chemical limits for 
alloys 5052 and 5652 and new Footnotes 
e and f as follows: 


5052 5652 
Aluminum......... remainder remainder 
0.10 0.04 
Manganese........ 0.10 0.01 
Magnesium........ 2.2to2.8 2.2to02.8 
0.10 0.10 
Chromium......... 0.15 to 0.15 to 

0.35 0.35 


specimens of smaller size proportional to the 
standard specimen shown in Fig. 8 of Methods 
E 8 may be used, provided that in no case shall 
the dimensions of the smallest specimen be 
less than the following: 


Diameter of reduced section, in........... 4 
Length of reduced section, in............. 14 
Diameter of end section, in............... 3¢ 


Over-all length, in.: 
With threaded or shouldered ends...... 3 
With plain cylindrical ends............ 4 


(6) Shear test specimens shall be full cross- 
sections of the wire up to and including 0.374 
in. in diameter except that wire sizes between 
the standard sizes as shown in Fig. 1 may be 
turned down to the next smaller jig size. Rod 
over 0.375 in. in diameter may be turned down 
to 0.374 in. diameter or smaller for testing. 


Tentative Specification for Extruded 
Aluminum-Alloy Bar, Rod, Pipe, and 
Structural Shapes for Electrical Pur- 
poses (B 317 —- 60 T): 

Section 13(a). Change to read as 
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13. (@) Tension.—Tension test specimens 
shall be the full section of the material, or 
specimens machined from iit, with the axis 
parallel to the length. Machined specimens 
shall be the standard sheet-type specimen 
shown in Fig. 7 of the Methods of Tension 
Testing of Metallic Materials (ASTM Designa- 
tion: E 8), the specimen shown as No. 1 in 


Tentative Specification for Type A and 
Type B Aluminum-Alloy Drawn An- 
nealed Seamless Coiled Tubes 
(B 318 — 60 T): 


Table I ].—Change the maximum limit 


TABLE XLI.—ADDITIONS TO TABLE II, SPECIFICATION B 316 - 60 T. 


Tensile Strength, psi 
Alloy - Temper Diameter,? in. 
min max 
5052 0.501 and over 32 000 
0.500 and under 31 000 37 000 
5652 0.501 and over 32 000 
0.500 and under 31 000 37 000 
TABLE XLII.—REVISIONS OF TABLE II, SPECIFICATION B 345 - 60 T. 
Tensile Yield Elongation in 
Alloy Temper Pipe Size, in. Strength, Strength ‘a as 
-H112 All 40 000 12 
( All 17 000 9 000 12 
(Up through 0.500 wall 
-T42....4 thickness) 
All 16 000 8 000 ye 
(0.501 to 1.000 wall thick- 
. ness) 
ays 
All 22 000 16 000 
; UU (Up through 0.500 wall 
_ -T5 thickness) 
All 21 000 15 000 8 
(0.501 to 1.000 wall thick- iX 
ness) 
Seen ge -T6 All 30 000 25 000 8 
-T4 All 32 000 19 000 16 
-T6 All 42° 000 37 000 10 


Fig. 13 (for pipe only), or the standard }4-in. 
diameter specimen shown in Fig. 8 thereof. 
If the size and shape of the material makes it 
impracticable to use any of these specimens, 
round specimens of smaller size proportional 
to the standard specimen shown in Fig. 8 may 
be used provided that in no case shall the 
dimensions of the smallest specimen be less than 
the following: 


Diameter of reduced section, in..........! 34 
Length of reduced section, in............. 14 
4 
Diameter of end section, in............... 3¢ 
Over-all length, in.: 
With threaded or shouldered ends...... 3 
With plain cylindrical ends............ 4 


for zinc for alloy 5052 from “0.20” to 
“0.10.” 

Section 8.—Change the second sentence 
to read; “Specimen No. 1 of Fig. 13 of 
the Methods of Tension Testing of Metal- 
lic Materials (ASTM Designation: E 8) 
may be used in those cases when a full- 
section specimen cannot be used.” 


Tentative Specification for Aluminum- 
Alloy Pipe for Gas and Oil Trans- 
mission and Distribution Piping 
Systems (B 345 - 60 T): 

Table I.—Add requirements for alloys 
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5083 and 6351 as follows: 


5083 6351 
Aluminum......... remainder remainder 
0.40 0.50 
ee 0.40 0.7 to 1.3 
Manganese........ 0.30 to 1.0 0.40 to 0.8 
Magnesium........ 4.0 to 4.9 0.40 to 0.8 
Chromium......... 0.05 to 
0.25 
Other: 
0.05 0.05 


Table II.—Delete the column “Wall 
Thickness.” Delete requirements for 
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Section 15(c).—Change the last sen- 
tence to read: “‘For specified lengths over 
20 ft through 40 ft the allowable varia- 
tion from specified length shall be 
plus 3 in.” 

REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 

The committee recommends for im- 
mediate adoption revisions as indicated 
of the following 7 standards, and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be 
referred to letter ballot of the Society: 


TABLE XLV.—REVISIONS AND ADDITIONS TO TABLE II OF 
SPECIFICATION B 90 - 60. 


Alloy and Condition Thickness, in. — 
» Psi offset), min, psi per cent 
2.001 to 3.000 30 000° 9 
ASSIB-HM............ 2.001 to 3.000 34 000 18 000 8 
0.251 to 1.000 34 000 25 000 cae 
0.251 to 0.500 32 000 21 000 Saw 
0.501 to 1.000 30 000 19 000 6 
1.001 to 2.000 29 000 18 000 6 
0.016 to 0.060 30 000 18 000 | 
BBIOA-O........ scisinecee 0.061 to 0.250 30 000 15 000 15 
0.251 to 0.500 29 000 12 000 
0.016 to 0.125 36 000 25 000 4 
ZE10A-H2............ 0.126 to 0.188 34 000 22 000 4 
0.189 to 0.250 31 000 20 000 4 


1060-H18, 3003-H18, 3004-H34, and 
5052-H38. Revise requirements for alloy 
6063, and add requirements for 5083- 
H112, 6351-T4, and 6351-T6 as shown 
in the accompanying Table XLII. 

Section 14(a)—Add a new note to 
the end of this paragraph to read: 


Nore.—Other end preparations have been 
developed which appear to be superior to the 
straight bevel, ie. ““V” groove of Fig. 1 of this 
specification, under many circumstances. They 
may be specified when desired. The so-called 
“modified vee”’ and preparation described in the 
American Welding Society document “‘Recom- 
mended Practices for Gas Shielded-Are Welding 
of Aluminum and Aluminum Alloy Pipe” (AWS 
D10.7—60) is one example. 


Standard Specification for Magnesium- 
Base Alloy Sand Castings (B 80 — 59) 


Table I—Add alloy QE22A with the 
following chemical requirements: 


Magnesium, per cent........... remainder 
Silver, per cent....:........... 2.0 to 3.0 
Rare earths, per cent.......... 1.8 to 2.5 
Zirconium, per cent............ 0.40 to 1.0 
Copper, max, per cent.......... 0.10 
Nickel, max, per cent.......... 0.01 
Other impurities, max, per cent.. 0.30 


> Rare earth elements are in the form of 
didymium. 


Table II.—Change to read as shown 
in the accompanying Table XLIII? 


| te 
| 
i 
f 
a 
| 
fi 
fe 
g 
4 fe 
“4 I 
| 
| 
| 


or 


Table III.—Change to read as shown 
in the accompanying Table XLIV2 

New Explanatory Note—Add the 
following explanatory note after the 
one for alloy KiA: “Alloy QE22A.— 
This alloy is primarily used where a 
high yield strength is needed at tempera- 
tures up to 600 F.” 


Standard Specification for Magnesium- 
Base Alloy Sheet and Plate (B90 - 
60): 


Table IT.—For AZ3|B-0, AZ31B-H24, 
and HM21iA-T8, add tensile require- 
ments for plate; for HK31A-H24, revise 
the tensile requirements for plate; and 
for ZE10A-0 and ZE10A-H24, revise 
tensile requirements for all thicknesses; 
as shown in the accompanying Table 
XLV. 

Table III.—Change as shown in the 
accompanying Table XLVI. 

Table VI.—Change as shown in the 
accompanying Table XLVII.? 

Table VII. Change as shown in the 
accompanying Table XLVIII.? 


Standard Specification for Magnesium 
Ingot and Stick for Remelting (B 92 — 
60): 


Section 1.—Change to read: “This 
specification covers magnesium in the 
form of ingot and stick for remelting: 
9980A is available in ingot and stick 
form, and 9990A, 9990B, and 9995A are 
generally available only in ingot form.” 

Table I—Add grade 9990B with the 
following chemical requirements: 


Aluminum, max, per cent............. 0.005 
Manganese, max, per cent............ 0.004 
Nickel, max, per cent................ 0,001 
Silicon, max, per cent................ 0.005 
Other impurities, each, max, percent... 0.01 


Magnesium, by difference, min, per cent. 99.90 
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Standard Specification for Magnesium- 
Base Alloy Bars, Rods, and Shapes 
(B 107 - 60): 


Table II.—Change 
read “AZ80A-TS5.” 

Table VI.—Change as shown in the 
accompanying Table XLIX.? 

Table XI.—Change AZ80A-TS51 to 
read “AZ80A-TS.” 


Standard Specification for Aluminum- 
Base Alloys in Ingot Form for Sand 
Castings, Die Castings, and Perma- 
nent Mold Castings (B 179 — 60): 


Section 10.—Change to read as follows: 


10. Resistivity or conductivity shall be 
determined on ingot or on test bars separately 
cast in permanent molds. The separately-cast 
test specimens shall be of suitable size and shape 
appropriate to the instrument and method of 
test used in making the determination. 


Section 12.—Change to read as follows: 


12. Electrical resistivity or conductivity shall 
be determined in accordance with the Method 
of Test for Resistivity of Electrical Conductor 
Materials (ASTM Designation: B 193) or the 
Method of Test for Electrical Conductivity 
by Use of Eddy Currents (ASTM Designation: 
B 342), provided that, in case of dispute, the 
results secured by Method B 193 shall be the 
basis for acceptance. 


Recommended Practice for Codification 
of Light Metals and Alloys, Cast and 
Wrought (B 275 — 59): 


Section 1.—Change to read as follows: 


AZ80A-TS1 to 


1. (@) This recommended practice covers 
a system originally adopted for designating 
light metals and alloys, cast and wrought, and 
later extended to certain heavier base metal 
die casting alloys as indicated below. The 
designations used in the following ASTM 
Specifications under the jurisdiction of ASTM 
Committees B-6 on Die-Cast Metals and 
Alloys and B-7 on Light Metals and Alloys, Cast 
and Wrought conform to this recommended 
practice: ASTM Committee B-6 specifications 
for aluminum-base, copper-base, lead-base, tin- 
base, and zinc-base alloy die castings, and 
zinc-base alloy ingot for die castings; ASTM 
Committee B-7 specifications for aluminum 
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and aluminum alloy ingot and castings, and 
magnesium and magnesium alloy ingot, cast- 
ings, and wrought products. 

(b) The designations used in ASTM Com- 
mittee B-7 specifications for aluminum and 
aluminum alloy wrought products conform, to 
the American Standard Alloy Designation 
System for Wrought Aluminum (ASA No.: 
H35.1—1957). 


Section 2.—Revise to-read as follows, 
and delete Footnote 3: 


2. (a) The designations for alloys and un- 
alloyed metals are based on their chemical 
composition limits (Note 1). 


Note 1.—For aluminum and magnesium 
alloys, cast and wrought, standard limits for 
alloying elements and impurities are expressed 
to the following places: 


Less than 0.0001 per cent (used only 
for magnesium alloys)............ 
0.0001 to 0.001 per cent............. 
0.001 to 0.01 per cent............... 
0.01 to 0.1 per cent 
Unalloyed aluminum made by a 
refining process................ 0.0 
Alloys and unalloyed aluminum or 
magnesium not made by a re- 


0.1 through 0.5 per cent............ 0.XX 
Over 0.5 per cent.......... OX, X.X, XX.X 


(6) Designations are assigned, revised, and 
canceled by Subcommittee VII of ASTM Com- 
mittee B-7 on Light Metals and Alloys, Cast 
and Wrought, on written request to its secre- 
tary. Complete chemical composition limits 
shall be submitted with requests for assign- 
ment or revision of designations. Arbitrary as- 
signments by other subcommittees or commit- 
tees will not be recognized. 

(c) The temper designation, which is used 
for all metal forms except ingot, follows the al- 
loy designation and is separated therefrom by 
a dash. 


New Appendices—Add new Appen- 
dices I and II to read as follows: 


APPENDIX I 
EXAMPLES OF CODIFICATION 


Example 1.—For alloy C4A in Specifica- 
tions B 26 and B 179, “C” represents 
copper which is the only alloying element 
specified; “4” indicates that the round-off 
mean percentage of copper lies between 
3.5 and 4.5 (actually it is 4.5 and therefore 
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the nearest whole even number is used); 
and “A” indicates that this is the first 
alloy qualified and assigned under the 
designation C4 (see Example 2). 

Example 2.—For alloys AZ91A, B, and C, 
in Specification B 93, “A” represents 
aluminum, the alloying element specified in 
the greatest amount; “Z” represents zinc, 
the alloying element specified in the second 
greatest amount; “9” indicates that the 
round-off mean aluminum percentage lies 
between 8.6 and 9.4; “1” signifies that the 
rounded-off mean of the zinc lies between 
0.6 and 1.4; and “A” as the final letter 
indicates that this is the first alloy whose 
composition qualified assignment of the 
designation AZ91. The final serial letters 
B and C signify alloys subsequently de- 
veloped whose specified compositions differ 
slightly from the first and from one another 
but do not differ sufficiently to effect a 
change in the basic designation. 


APPENDIX II 


Designations assigned in conformance 
with this Recommended Practice were 
used for wrought aluminum and wrought 
aluminum alloys in ASTM specifications 
prior to 1960, but now only designations 
conforming to the American Standard Alloy 
Designation System for Wrought Aluminum 
(ASA No.: H35.1—1957) are used. The 
former ASTM designations and the cor- 
responding ASA designations are as follows: 


Corre- Corre- 
Former ASTM Former ASTM 
Designation Designa- Designation Designa- 
tion tion 

SE 1100 GM51A 5456 
1060 GR20A..... 5052 
CB60A...... 2011 GR20B..... 5652 
CG30A...... 2117 GR40A..... 5154 
CG42A...... 2024 GR4OB..... 5254 
CM41A...... 2017 GSI10A..... 6063 
CN42C.... 2018 GSi0OB..... 6101 
CN42D...... 2218 GSII1A..... 6061 
2014 GS11B..... 6053 
2025 6062 
GI1B.. 5005 MGI11A 3004 
5454 SGIIA..... 6151 
GM40A...... 5086 SG11B..... 6066 
5083 SG121A 4032 
GM5BO0A...... 5056 ZG62A 7075 


| 
| 
| 
| 
0X 
xXx 
XX 


RECOMMENDATIONS AFFECTING LIGHT METALS AND ALLOYS 


Recommended Practice for Temper 
Designation of Light Metals and 
Alloys, Cast and Wrought (B 296 — 56): 


Title—Change to read: “Recom- 
mended Practice for Temper Designation 
of Aluminum and Magnesium Alloys, 
Cast and Wrought.” 

Table I—Change the definitions as 
shown in the accompanying Table L.? 

Table II.—Change the definition for 
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—T temper to read: “Thermally treated 
to produce stable tempers other than 
—F, —O, or —H.” 


TENTATIVE CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the Ten- 
tative Specification for Aluminum-Base 
Alloy Permanent Mold Castings (B 108 
-59T). 
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7 DESIGNATIONS FOR METALS AND ALLOYS ASSIGNED IN 


CONFORMANCE WITH RECOMMENDED PRACTICE 9 
ort FOR CODIFICATION OF LIGHT METALS AND per. 
BAUR) « ALLOYS (B 275) be 

A 
CoMPILED BY SUBCOMMITTEE VII oN CODIFICATION OF ALLOYS A 
A 
A 

Designations for metals and alloys Wrought (B 275), and the ASTM Speci- A 
assigned in conformance with the Recom- fications in which they are used, are A 
mended Practice for Codification of shown in Tables I, II, and III. : 
Light Metals and Alloys, Cast and =s> A 

A 
TABLE I.—ALUMINUM BASE. 
ASTM Specification ASTM Specification ‘ 
E 
Designation 3 Designation 5 E 
H 
850A $12B * H 
900A bd SC51A K 
920A SC51B M 
950A * SC64A M 
S5A bd .. ZG61A * *| * 
S12A 


* Last appeared in 1958 issue. 
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TABLE II.—MAGNESIUM BASE. TABLE III.—OTHERS. 
ASTM Specification ASTM Specification 
& 
9980A Copper base 
9990A Z30A 
9995A ZS8331A * 
*A3A ZS144A 
AMS80A Lead base 
AM100A_ | * 4 YT155A * 7, 
AZ63A Zinc base 
AZ81A AG40A * * 
AZ91A * 
AZ91B 
AZ91C ° 
AZ92A 
E22A sual 
°7K60B |... Ji » Tit at 
> Last appeared in 1957 issue. Da 
© Designation reserved for Magnesium Elece 
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ASTM Committee B-7 on Light 
Metals and Alloys is presently accumu- 
lating data on aluminum and magnesium 
alloys that have been exposed at five 
test sites throughout the country. These 
ASTM exposure sites, representing 
rural, industrial, and marine atmospheres, 
are located at State College, Pa.; New 
York, N. Y.; Kure Beach, N. C. (East 
Coast) ; Point Reyes, Calif. (West Coast) ; 
and Freeport, Tex. (Gulf Coast). The 
program, as outlined in a report sub- 
mitted to the Society in 1953,? includes 
wrought material and castings which are 
to be tested for loss of strength and duc- 
tility after exposure periods of six 
months, one, three, five, and ten years. 
Atmospheric exposure data on the sand 


1 Materials Engineer and Physical Science 
Technician, respectively, U.S. Department of 
the Army, Ordnance Department, Frankford 
Arsenal, Philadelphia, Pa. 

2L. H. Adam, “Atmospheric Exposure of 
Light Metals,’’ Appendix to Report of Commit- 
tee B-7 on Light Metals and Alloys, Cast and 
Wrought, Proceedings, Am. Soc. Testing Mats., 
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and permanent mold castings were re- 
ported to the Society in 1954,* 19584 and 
1960,° while information on the wrought 
material was presented in 1955° and 
1959.7 

The data submitted in this report per- 
tain to the wrought aluminum and mag- 
nesium alloys of sheets (0.064 in.), plates 
and extruded bars (0.25 in.), plus welded 
and riveted samples tested after a 5-yr 
exposure period. Evaluations for the 
sheets, plates, and extruded bars are 
based on the average yield strength, 
tensile strength and per cent elongation 
determined by testing four standard 
specimens® representing each alloy after 
exposure at the various test sites. Values 
for the aluminum riveted samples are 
based on the average results of six speci- 
mens, while the magnesium riveted val- 
ues represent the average of three speci- 
mens per alloy. Tensile strength values 
are recorded for all fabricated samples 
with the exception of the spot-welded 
material. In this instance, only breaking 
loads are determined. Results are com- 
pared with those obtained on similar 

*L. H. Adam, “Atmospheric Exposure of 
Wrought Aluminum and Magnesium Alloys,” 
Appendix to Report of Committee B-7 on Light 
Metals and Alloys, Cast and Wrought, Proceed- 
tings, Am. Soc. Testing Mats. Vol. 55, p. 284 
(1955). 

7™L. H. Adam and M. Dougherty, ‘‘Atmos- 
pheric Exposure of Wrought Aluminum and 
Magnesium Alloys,’”’ Appendix to Report of 
Committee B-7 on Light Metals and Alloys, 
Cast and Wrought, Proceedings, Am. Soc. Test- 
ing Mats. Vol. 59, p. 289 (1959). 

® Method of Tension Testing of Metallic 


Materials (E 8), 1958 Book of ASTM Stand- 
ards, Part 3. 
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material which has been retained under 
control conditions for a 5-yr period. 

The actual mechanical properties for 
each alloy are shown in Tables I through 
XXXIV with the applicable ASTM 
specifications. Figures 1 to 5 are bar 
graphs illustrating the average values for 
each alloy at the five test sites as com- 
pared with the average control values for 
a 5-yr period. 

Although observations based on re- 
spective control values show no signifi- 
cant difference between the percentage 
of change after a 5-yr exposure period 
and that noted after 3-yr exposure, the 
values recorded after 5-yr exposure gener- 
ally are lower than those obtained after 
3-yr exposure. 

The greatest loss of strength and duc- 
tility relative to the aluminum alloys is 
noted in the unclad aluminum-copper 
sheet, CG42A-T3 (2024), exposed in the 
marine atmosphere at Point Reyes, Calif. 
Tensile strength values for four specimens 
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exposed at this particular site for five 
years averaged 56,900 psi, having an 
average elongation of 5.3 per cent, while 
specimens of the same alloy exposed to 
the rural atmosphere at State College, 
Pa., averaged 70,300 psi and 18.3 per 
cent, respectively. 

With regard to the magnesium alloys, 
results indicate that, after 5-yr exposure, 
the industrial atmosphere at New York 
City had the greatest deleterious effect 
on the strength of alloy MIA-O (0.064 in. 
sheet) when tested as a fabricated and 
standard specimen. 

Through the continuing cooperation 
of the various laboratories participating 
in the testing of this material, it has been 
possible to present exposure data on alu- 
minum and magnesium alloys covering a 
5-yr period. The program, as proposed, 
eventually will cover a ten-year exposure 
period. This type of information should 
be of interest to those employed in evalu- 
ating the durability of light metals. 
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Each bar represents average results of four specimens. 


Fic. 1.—Summary of Data, Atmospheric Exposure of Light Metals and Alloys, Aluminum Panels 0.064 in. 
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Fic. 2.—Summary 
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Ber Desienstion 
5 yr Control Value 
5 yr State College 
5 yr New York 7 
of ESS 5 ye Point Reyes 
5 yr Freeport 
7 
5 Each bar represents average __ 
é fesults of six specimens. 
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le = “As most commonly used. 
ASTM GSIIA - T6 CG42A - T3 2G62A - 16 CS41A - T6 (G42A - 13 2G62A - 16 
Clad Clad Clad 
Commercial 6061 2024 7075 2014 2024 7075 
Spot Weld Gas & Arc Weld 
0.064 in. 0.25 in. 
24x 108 = 3x 10° 
y fesults of four specimens, 
4, 
pd 
: 
NS le 
Ss 
12 1 
ASTM GSIIA - 16 CS41A - T6 CG42A - T3 7G62A - T6 GSLIA - T6 GSLIA - 16 GSI0A - T5 
Clad Clad Clad Gas Weld Arc Weld Arc Weld 
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Bar Designation CATIA 
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= 5 yr Freeport Each bar represents average 
results of four specimens. 
Each bar represents average id) 
= results of three specimens. Spot Weld al 
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Fic. 5.—Summary of Data, Atmospheric Exposure of Light Metals and Alloys, Magnesium Alloys. 
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Committee B-8 on Electrodeposited 
Metallic Coatings and Related Finishes 
held two meetings during the year: on 
October 21, 1960, in Philadelphia, Pa., 
and on February 3, 1961, in Cincinnati, 
Ohio. 

The membership of the committee 
totals 186, of whom 58 are classified as 
producers, 25 as consumers, 91 as 
general interest and 12 as consulting 
members. 

At the meeting on October 21, 1960, 
the By-laws were amended to provide 
for the office of Membership Secretary. 
W. S. Garwood was elected to the office. 

A Report on Exposure and Acceler- 
ated Tests of Supplementary Chromate 
Treatments for Electroplated Zinc 
Coatings, prepared by Section B of 
Subcommittee V, has been prepared.! 


New TENTATIVES 


The committee recommends for pub- 
lication as tentative the following 
specifications and definitions as ap- 
pended hereto.” 


Tentative Specification for; 
Electrodeposited Coatings of Multi-Layer Nickel 
plus Chromium on Steel. 


Tentative Definitions of Terms Relating to: 
Electroplating. 

* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 

1 See p. 359. 


of ASTM Standards, Part 2. 


2 The new tentatives appear in the 1961 Book 
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REVISION OF TENTATIVE 


The committee recommends revisions ] 
as follows of the Tentative Specification 
for Electrodeposited Coatings of Nickel 
and Chromium on Steel (A 166-58 
and continuation of the specification as 
tentative. 

Section 4.—Change to read as follows: 


4. Corrosion Resistance of Coatings——The 
nature of the corrosion tests to be performed, 
and the periods of exposure to these tests which 
the coating shall withstand, shall be agreed upon | 
between the manufacturer and the purchaser. 


Section 7.—In line 8, change “The 
continuity of coating shall be” to read 
“The protective value of coating shall 
be.” 


Section 9—Change to read as follows 
under the heading “‘Corrosion Tests:” 


9. (a) Preparation of Specimen.—The speci- 
men shall be prepared for test in accordance with 
the directions specified in the applicable test 
method. 

(b) Procedure.—The specimen shall be tested 
in accordance with methods agreed upon between 

¥ the manufacturer and the purchaser.® 


5 For suitable methods see the Method of 

Copper-Accelerated Acetic Acid-Salt Spray 

_ (Fog) Testing (Cass Test) (ASTM Designation: 

B 368) and the Method of Corrosion Testing of 

Decorative Chromium Plating by the Corrod- 
kote Procedure (ASTM Designation: B 380). 

REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as follows 


31958 Book of ASTM Standards, Part 2. 
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se 


On ELECTRODEPOSITED METALLIC 


of the Standard Specifications for Elec- 
trodeposited Coatings of Nickel and 
Chromium: on Zinc and Zinc-Base 
Alloys (B142-59)* and accordingly 
asks for the necessary nine-tenths affirm- 
ative vote at the Annual Meeting in 
order that the revisions may be re- 
ferred to letter ballot of the Society: 

Section 4.—Revise as recommended 
above for Section 4 of Specification 
A 166. 

Section 7.—Revise as recommended 
above for Section 7 of Specification 
A 166. 

Section 9.—Revise as recommended 
above for Section 9 of Specification 
A 166. 


REAPPROVAL OF STANDARDS 


The committee recommends the reap- 
proval of the following standards which 
have stood for six or more years without 
revision: 

Standard Specifications for: 
Electrodeposited Coatings of Zinc on Steel 

(A 164-55), and 
Electrodeposited Coatings of Cadmium on Steel 

(A 165 - 55). 

Recommended Practice for Preparation of: 
Low-Carbon Steel for Electroplating (B 183 - 


49), 

High-Carbon Steel for Electroplating (B 242 - 
54), 

Zinc-Base Die Castings for Electroplating 
(B 252 - 53), 

Electroplating on Aluminum Alloys (B 253 - 53), 
and 

Electroplating on Stainless Steel (B 254-53). 


STANDARDS WITH REVISIONS PENDING 


The following standards are being 
continued but without reapproval pend- 
ing study to resolve several controversial 
points. 

Recommended Practice for: 
Chromium Plating on Steel for Engineering Use 


(B 177 -55).* This action is taken to permit 
balloting in Subcommittee IV on a proposed 


41959 Supplement to Book of ASTM Stand- 
ards, Part 2. 
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change in Section 7(b) on Treatments of 
Chromium Coating as well as a change in a 
footnote. 


Standard Method of Test for: 
Dielectric Strength of Anodically Coated 
Aluminum (B 110 45)°, and 


Weight of Coating on Anodically Coated 
Aluminum (B 137 - 45).* 


TENTATIVES CONTINUED WITHOUT | 
REVISION 


The committee recommends the con- 
tinuation without revision of the fol- 
lowing tentatives: 


Tentative Specification for: 


Chromate Finishes on Electrodeposited Zinc, 
Hot-Dipped Galvanized, and Zinc Die-Cast 
Surfaces (B 201 - 55 T). 


Tentative Recommended Practice for: 


Cleaning Metals Prior to Electroplating (B 322 - 

58 T). 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Papers, Specifi- 
cations, and Definitions (F. Ogburn, 
chairman) prepared the Definitions of 
Terms for Electrodeposited Metallic 
Coatings and Related Finishes referred 
to earlier in the report. 

Section G (R. B. Saltonstall, chair- 
man) prepared the Specifications for 
Electrodeposited Coatings of Multi- 
Layer Nickel Plus Chromium on Steel 
referred to earlier in the report. 

Subcommittee II on Performance Tests 
(W. H. Safranek, chairman).—The 
report of Section A on Program No. 4 
(Performance of Copper, Nickel, Chro- 
mium Coatings) has been prepared.® 

Section F (Preparation and Corro- 
sion Studies of Plated Coatings on 

5 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 


on record at ASTM Headquarters, 
® See p. 329. 
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Aluminum) has merged with Section A 
under the chairmanship of B. B. Knapp. 

Subcommittee III on Conformance 
Tests (A. D. Squitero, chairman).— 
Section C (M. M. Beckwith, chairman) 
has completed a report on data obtained 
on hardness tests. 

Subcommitiee IV on Electroplating 
Practice (E. B. Saubestre, chairman).— 
Section C (B. Cohen, chairman) has 
completed work on additions to the 
Recommended Practice for Chromium 
Plating on Steel for Engineering Use 
(B 177). 

Subcommittee V on Supplementary 
Treatments for Metallic Coatings (R. E. 
Harr, chairman).—Section B (A. Men- 
dizza, chairman) has under preparation 
a Report on Exposure and Accelerated 
Tests of Supplementary Chromate Treat- 


ments for Electroplated Zinc Coatings. Chairman, 
Subcommitiee VI on Anodic Oxidation D.™M. BIGGE, 
of Aluminum and Magnesium Alloys General Secretary. iteiton rae 
san 


(R. F. Hafer, chairman) is studying 
the Standard Method of Test for Di- 
electric Strength of Anodically Coated 
Aluminum (B 110-45), and Standard 
Method of Test for Weight of Anodi- 
cally Coated Aluminum (B 137 - 45) in 
order to resolve several controversial 
points. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 113 voting members; 113 
members returned their ballots, of whom 
97 have voted affirmatively and 0 
negatively. 


Respectfully submitted on behalf of 
the committee, 
C. H. SAMPLE, 
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PERFORMANCE OF DECORATIVE NICKEL-CHROMIUM 
COATINGS ON STEEL 


REPORT OF SECTION A, SUBCOMMITTEE II ON PERFORMANCE TESTS 


A continuing study of the performance 
of decorative nickel-chromium coatings 
on steel has been made under Program 
No. 4 by Subcommittee II. The principal 
objectives of this program were to deter- 
mine: (1) effect of nickel and copper 
strikes under bright nickel, (2) the effect 
of type and thickness of chromium, and 
(3) the effect of buffing bright nickel. 
Comparison between buffed Watts nickel 
and bright nickel, and between copper- 
nickel-chromium and _ nickel-chromium 
was also made. Twenty-six lots of panels 
were plated for this program; exposure 
was initiated on April 28, 1956, at Kure 
Beach (800-ft site), N. C., and on May 
1, 1956, at Detroit, Mich. 

The present report describes prepara- 
tion of the panels, gives the inspection 
data up to and including three years 
exposure and summarizes the results. 


Outline of Program: 


The combinations and thicknesses of 
nickel, copper, and chromium plates and 
other variables included in the program 
are listed in Table I. 

Interest in a nickel strike versus a 
copper strike under bright nickel moti- 
vated the study of their effects on the 
weathering behavior of the coating. Use 
of a nickel strike has several advantages. 
It allows fewer steps in the production 
cycle and eliminates costly disposal of 
cyanide wastes. A cursory survey of 
nickel strikes used in industry indicated 


that they could be broadly classified into 
two types: a Watts bath operated at 
pH 2.0 to 3.5, and a bath at pH 0.5 
containing equal amounts of chloride 
and sulfate. 

Within the industry there existed a 
question as to the optimum thickness of 
chromium for best performance on 
bright nickel. Accordingly four thick- 
nesses of chromium from each of two 
commonly used chromium baths were in- 
cluded in the program. A proprietary 
dull crack-free chromium deposit over 
bright nickel and buffed Watts nickel 
was also tested in two thicknesses. 

Buffing of bright nickel is done com- 
mercially to some extent to bring up the 
luster of dull areas. To determine what 
effect it might have on the performance 
of the coatings, one lot of panels was 
bright nickel plated and buffed. 

Three thicknesses of bright nickel were 
tested to serve as a yardstick for deter- 
mining the extent of the influence of the 
variables being studied. Two sets of con- 
trols were prepared, one at the beginning 
and one at the end, to check consistency 
of operation. 


Preparation of Test Panels: 


The steel for the panels was hot rolled, 
pickled SAE 950. The surface was flat 
polished to a roughness of 10 to 12 mi- 
croinches and then Bonderized. An ad- 
hesive-coated paper was used to protect 
the surface during shipment to the 
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platers. Standard Steel Division of the 
Rockwell Spring and Axle Co. prepared 
the steel panels. 

The panels were plated by the labora- 
tories of Chrysler Corp., General Motors 
Corp., The International Nickel Co., 
Inc., and The United Chromium Divi- 
sion of Metal and Thermit Corp. Two 
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and plating cycles for preparing the 
panels is listed in Table II. The composi- 
tion and operating conditions for clean- 
ers, pickles, and plating baths are given 
in Table III. 

The bright nickel in lot 20 was buffed 
by plater X using a chromium buffing 
compound (McAleer D133) on a loose 


TABLE I.—OUTLINE OF PLATING VARIABLES FOR EACH TYPE OF PLATE, 
THICKNESS IN MILS. 
Steel, SAE No. 950 


Bright 
Copper Nickel 


Buffed 


Watts CR-110 Cr* 


Regular Cr CF-500 Cr* 


Z 
° 
= 


: 
oa 


to 
— 
er, .. 


eo 


0.005 
0.01 
0.03 
0.06 


. . . . . . . . . . . 
S 
w 


. 


0.02° 


@ Chromium was plated by United Chromium. 


laboratories, hereinafter referred to as 
plater X and plater Y, each prepared 
fifteen panels per lot. A third laboratory 
designated as plater Z prepared fifteen 
panels of only the lots with buffed Watts 
nickel. The CR110 and CF500 deposits, 
the 30- and 60-microinch thick deposits 
of regular chromium, and the chromium 
on the panels plated with buffed Watts 
nickel were plated by United Chromium. 
The remainder of the chromium plating 
was done by the plater of the nickel. 

The sequence of steps in the cleaning 


+ Low pH bath. ¢ Watts bath. ¢ Buffed. 


cotton buff (96 X 93 count). A 14 in. 
wheel at 2300 rpm gave a surface speed 
of about 8400 ft per min. Plater Y used 
H-VW-M NOCAST lime on a loose leaf 
cotton buff (64 X 64 count). A12-in. wheel 
at 1750 rpm gave a surface speed of 
about 5500 ft per min. The heavy crack- 
free chromium plate in lots 19 and 24 
was buffed with Matchless Compound 
No. 525 on a loose sewn cotton buff us- 
ing a wheel diameter of 12 in. at a speed 
of 1800 rpm (5600 surface ft per min). 

Platers X and Y processed the panels 


eee eee 
| 
0.01 
0.054 
0.01 
5 No. 26 
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TABLE III.—COMPOSITION AND OP- 
ERATING CONDITIONS FOR CLEANING, 
PICKLING, AND PLATING BATHS. 

A. Anodic Alkaline Cleaner: 

Proprietary cleaner—8 oz per gal, 180 F, 60 
amp per sq ft, 1 min. 
B. Copper Cleaner: 


Proprietary cleaner—8 oz per gal, 180 F, 60 
amp per sq ft, 1 min. 


C. Cathodic Cleaner for Nickel: 

Proprietary cleaner—8 oz per gal, 160 to 
180 F, 150 to 225 amp per sq ft, 30 sec. 
D. Acid Dip: 


On buffed nickel and on steel— 
Hydrochloric acid (HCl, 


vol 
Temperature........... 70 to 80 F 


After cyanide copper plate— 
Sulfuric acid (H2SO,, sp 


10 per cent by 
vo! 
_ Temperature........... 60 to 70 F 


On nickel in Lots 9 to 19 and 24 to 26— 
Sulfuric acid (H2SO,, sp 


10 per cent by 
vol 
See 60 to 70 F 
5 to 10 sec 


E. Cathodic Acid Cleaner: 
Sulfuric acid (H2SOQ,, sp gr 
1.83 


non 10 per cent by 
vol 
Temperature............; 60 to 70 F 
ft 


F. Cyanide Copper Strike: 


SU se 4.5 oz per gal 

Free cyanide > .... 1.0 oz per gal 

Rochelle salts........ . 6.0 oz per gal 

Carbonate (NazCOs).. 4.6 oz per gal 

Temperature........... 125 to 130F 

25 amp per sq 
ft 


G. Acid Copper (Same as Program No. 3): 


Copper sulfate (CuSO,- 
27 oz per gal 
Sulfuric acid (H2SO,)..... 7.8 oz per gal 
Addition agents.......... thiourea type 

Temperature........ . 70 to 80F 


4 


H. Nickel Strike for Lot 3: 
Nickel sulfate (NiSO,- 
7H20) 


Nickel chloride (NiCl- 

Boric acid 
Temperature............ 


16 oz per gal 


16 oz per gal 


. 2.5 oz per gal 
0.5 


room 
30 amp per sq ft 


I. Nickel Strike for Lots & and 6: 


Nickel sulfate (NiSO,- 

Nickel chloride (NiCh- 

Boric acid (H3;BO3)....... 


J. Watts Nickel: 


Nickel sulfate............ 


Nickel chloride .......... 


K. Bright Nickel: 
Chloride (Gl). ........... 
Boric acid (H3BOs3)....... 
Proprietary brighteners. 
Temperature............. 


L. Chromium (Regular): 


Chromic acid (CrO3)...... 


Temperature. ........... 


M. Chromium (CR 110): 


Chromic acid (CrO3)...... 
Temperature............. 


Current. . . 


N. Chromium (CF-500): 


Chromic acid (CrO3)...... 


Sulfate (SQy)........ 
Temperature......... 


32 oz per gal 


8 oz per gal 
5 oz per gal 


40 amp per sq ft 
40 dynes per cm 


44 oz per gal 

6 oz per gal 

5 oz per gal 

1.8 to 2.0 

40 dynes per cm 


10.5 oz per gal 
2.6 oz per gal 
5 oz per gal 


33.3 oz per gal 


0.33 oz per gal 

115 F 

1 to 144 amp per 
sq in. 


30 oz per gal 

0.13 oz per gal 

115 F 

34 to 1 amp per 
sq in. 


36.6 oz per gal 
0.13 oz per gal 
150 F 


. 114 to 2 amp per 


sq in. 


through the cleaning and nickel plating 
cycles on racks holding six panels, three 
abreast and two high. Anodes and racks 
were arranged to give uniform distribu- 
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tion of deposit over a rack of panels. 
Plater Z plated the panels singly. After 
chromium plating, the thickness of coat- 
ing on each panel was measured with a 
Magne-Gage. These data are filed in the 
ASTM Headquarters research file 
RR10:B-8. 

Lots 24, 25, and 26 of buffed Watts 
nickel on a different lot of steel were 
plated with dull crack-free and regular 
chromium for purposes of comparison. 


Exposure: 

One set of five panels from each plater 
and from each lot was exposed at Kure 
Beach on April 28, 1956, and at Detroit 
on May 1, 1956, except that lots 24, 25, 
and 26 were not exposed at Detroit. The 
exposures were made on the ASTM-type 
rack which faces south and holds the 
panels at an angle of 30 deg from the 
horizontal at Kure Beach and 45 deg at 
Detroit. At Kure Beach the exposure 
was made in the 800-ft lot and at De- 
troit on the second floor roof of the 
Chrysler Engineering building. The third 
set of panels was reserved for accelerated 
testing. 


Inspection: 


The panels were inspected individually 
in the same manner as used in previous 
programs which consisted in comparing 
their appearance to rating “standards.” 
Photographic “standards” were em- 
ployed at the marine exposure, rating 
charts prepared by Chrysler Corp. at 
the industrial site. In addition to the 
appearance rating, a protection rating 
was also assigned to the panels. In the 
tabulated data, two rating numbers are 
given. Both numbers are really based on 
the appearance of the panels and help to 
describe more completely the type and 
extent of deterioration of the coating. 
The first number, the protective value 
rating, relates only to the manifestations 


1 Proceedings, Am. Soc. Testing Mats., Vol. 
49, p. 226 (1949). 
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of basis metal corrosion, that is, readily 
visible rust and rust stain. The second 
number, the appearance rating, includes, 
in addition to the basis metal corrosion 
and stain, other visible defects in the 
coating, such as surface pitting, crazing, 
blisters, etc. It is obvious that the ap- 
pearance rating cannot be higher than 
the protection rating; it can, however, 
be considerably lower. For example, a 
panel which shows no basis metal corro- 
sion but the surface of which is badly 
crazed or shows myriads of surface pits 
may have an appearance rating as low 
as 1 or 0 even when the protection rating 
is 10. The condition of the panels is fur- 
ther described by an abbreviated de- 
scription of the type of defect: 


Types or FaILure 


R_ = Corrosion (rusting) of the basis metal. 
(Permanent or massive type of basis 
metal corrosion such as that in pinholes, 
bare or flaked areas, or in craters of 
broken blisters.) 
Stain due to basis metal corrosion prod- 
ucts, such as rust stain, which can be 
removed readily with a damp cloth or 
chamois and mild abrasive revealing a 
sound bright surface. 
S = Stains or spots other than that of obvious 
basis metal corrosion products. 
8, = Surface pits. Corrosion pits probably not 
extending through to the basis metal— 
that is, absence of obvious basis metal 
corrosion products bleeding therefrom. 
pR = Pin-hole rusting. 


R, = 


F = Flaking or peeling of deposit. 

B_ = Biistering 

C = Cracking 

Z = Crazing. iu 
W = Crow's feet. 


Decres or Exrent or RustTINnG, 
Strarnine, Sorrace Pirtine, FLAKING, ETC. 


very slight amount. 

slight amount. 

intermediate or moderate amount. 
excessive amount. 


vs 
8 
i 


DeEscrIPTION OF BLISTERS 


s = less than about 0.5 mm in diameter. 

i = about 0.5 to 2.0 mm in diameter. 

x = greater than about 2.0 mm in diameter. 
vf = 5 or fewer. 

f = 5+ to 25. 

i = 10+ to 25. 

m = 

vm = 


| 
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a DescriPTION oF UocATION oF DeFEcTs 
Be e = edge g = general 
EXAMPLES 

1. ipR, vseR, sRs = a moderate amount of 
pin-point-type rusting, a very slight amount of 
crater-type rusting, and a slight amount of rust 
stain which can be readily removed. 

2. iSp, iS, iiW, seZ = moderate surface 
pitting, moderate staining (other than rust), an 
intermediate number of moderate size crow’s 
feet, a small amount of edge crazing. 

3. xcR, xRs = excessive crater-type rust 
spots and an excessive amount of removable 
rust over a sound, bright surface. 


Inspections at Kure Beach were made 
without cleaning the panels. At Detroit 
the panels were wet swabbed lightly 
and blotted dry. Some ratings at De- 
troit were higher after three years than 
two years as a result of heavy rain wash- 
ing away surface stain. 

The inspection data to date are sum- 
marized in Tables IV and V and the 
individual panel ratings are given in 
Tables VI and VII. The average appear- 
ance and protection ratings of the panels 
for 1-, 2-, and 3-yr exposures are shown 
graphically in Figs. 1 and 2 for Detroit 
and Kure Beach respectively. Additional 
inspections after four and seven months 
were made at Kure Beach because of the 
rapid deterioration at this exposure. 
After the 2-yr inspection at Kure Beach, 
representative panels from each lot and 
from each plater were removed, along 
with seven other panels whose perform- 
ance was erratic. These panels were 
photographed individually and then 
checked for thickness of chromium, 
copper, and nickel. These data are tabu- 
lated in Table VIII. The photographs 
(color transparencies) are filed in the 
ASTM Headquarters research file 
RR10:B-8. 

The exposure of the panels continues 
at both sites. 


Discussion: 


A marked difference in performance of 
panels plated by platers X and Y oc- 
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curred in those lots containing copper in 
the coating. In addition to possible un- 
known factors in copper plating being 
the cause, another explanation relates 
to the chromium plating. At Kure Beach 
the panels plated by plater Y are con- 
sistently better than those plated by 
plater X in lots 1 through 8 and 21 
through 23 in which lots each plater 
chromium plated his own panels. Only 
in lot 20 are the panels of plater X better 
than plater Y. The difference here is 
small, and the effect of chromium plat- 
ing may have been outweighed by that 
of buffing the bright nickel. In lots 9 
through 19 there is very little variation 
between plater X and plater Y and in 
these lots all chromium plating was 
done by the same plater. 


Summary of Results: 

1. The rate of. deterioration of the 
coatings has been much slower at the 
Detroit site than at Kure Beach. There- 
fore the comparisons among lots at De- 
troit may be less significant. 

2. A nickel strike under bright nickel 
had no effect in the Detroit exposure. A 
copper strike lowered the rating, its 
detrimental effect decreasing the rating 
as much as three rating numbers after 
three years. A nickel strike was also 
without effect in the marine atmosphere. 
A copper strike on panels prepared by 
plater X had no beneficial effect, but on 
those prepared by plater Y the effect 
was markedly beneficial and the thinner 
strike was superior. 

3. Interposing a layer of acid copper 
between the strike coatings and the 
bright nickel had no effect at Detroit. 
At Kure Beach it had a beneficial effect 
only with plater Y, and here it was more 
pronounced with the copper than with 
the nickel strike. Copper in the coating 
promoted crater-type defects. 

4. Comparison of coatings with and 
without copper under bright nickel indi- 
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cated that the all-nickel coatings were 
superior by two to three rating numbers 
at Detroit after three years. At Kure 
Beach, the all-nickel coatings had little 
or no advantage for plater X, and for 
plater Y they were markedly inferior to 
copper-nickel coatings. 

5. The thicker chromium coatings of 
30 and 60 microinches were more protec- 
tive on both bright and Watts nickel at 
Detroit. At Kure Beach the advantage of 
the thicker chromium on bright nickel 
was very marked and it was also benefi- 
cial on buffed Watts nickel for platers 
Y and Z. There was no significant differ- 
ence between regular and CR-110 chro- 
mium, and the buffed crack-free chro- 
mium showed no significant benefit. 
However, all chromium coatings more 
than 10 microinches in thickness except 
buffed crack-free chromium exhibited a 
crazed appearance at both exposure 
sites. 

6. Buffing bright nickel had no sig- 
nificant effect at Detroit, but was very 
beneficial at Kure Beach. It raised the 
rating from 0 to 8 for plater X and from 
0 to 4 for plater Y, making it superior 
to buffed Watts nickel. 
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7. Watts nickel had a slightly lower 
appearance rating than bright nickel at 
Detroit as a result of fine surface pitting. 
Protection rating was nearly perfect. 
Watts nickel had a better appearance 
rating under 10 microinches of chro- 
mium at Kure Beach. At greater chro- 
mium thicknesses bright nickel was 
equivalent to buffed Watts nickel. 

8. Discrepancies in performance of 
replicate panels removed after two years 
at Kure Beach could not be attributed 
to differences in thickness of copper, 
nickel, or chromium layers. 

9. Good agreement was obtained be- 
tween platers X and Y at Detroit on all 
lots and at Kure Beach on all lots except 
those containing copper. In this instance 
the panels plated by plater Y were dis- 
tinctly superior and the cause could not 
be attributed to thickness. Neither did 
recognized differences in plating proce- 
dure appear causative. 


B. B. Knapp, Chairman, 


Section A, Subcommittee II. 


Respectfully submitted, 
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REpoRT OF CoMMITTEE B-8 (APPENDIX I) 


Appearance Rating me2yr 
Protection Rating When Greater Than Appearance Rating 


ASTM Rating Number 
PLATER Y 


LOT COATING, Mils PLATER X 


No. | L58r Nit+O.01Cr 
No. 2 QO5SC+1 45Br Nit QOICr 


No 3 QOSNi+L45BrNit+ O.0ICr 
No. 4 QISC+O65AC. + O.7BrNi 
+QOicr 


No 5 QISNit O.65A.C.+ O.7Br Ni 
+Q0ICr 


No. 6 O.0ICr 
No 7 QISC+ L35BrNit 0. O1Cr 
No. 8 LSBrNitO.005Cr 

No. 9 LSBrNi t+ O.03Cr 

No. 10 LSBr Nit 0.06 Cr 

No. LS5BrNi t+ 0.005Cr (110) 
No. 12 LSBrNi O.01Cr(110) 
No!3 (iO) 
No. 14 LSBrNit O.06Cr(NO) 
LSWB+ O0.0ICr 

LSWBtO.03Cr 

No. 17 LSWBt 0.06Cr 

No. 18 LSBrNit QOICr (C.F) 
No. 19 L5BrNi t+ OO6Cr(CF) 
No 20 LS5BrNiBt 

No 21 

No 22 25BrNitO.OlCr 


No. 23 L5BrNi+ 0.OICr 


Fic. 1.—Appearance and Protection Ratings of Panels Exposed at Detroit, Mich. 
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Appearance Rating mlyr mp 2yr. am 3yr 
Protection Rating When Greater Than Appearance Rating m 


ASTM Rating Number 
LOT COATING, Mils PLATER X PLATER Y 


No. | L5Br Nit+O.01Cr 
No. 2 QOSC+L45Br Nit O.OICr 


No.3 QOSNi+L45BrNi+ QOICr 
QISC+065AC.+0.7BrNi 
No. 4 +Q0ICr 


No. 5 O.7Br Ni 
No 6 
No.7 
No.8 L5B8rNit+0.005Cr 

No. 9 L5BrNi t+ 0.03Cr 

No. 10 L5BrNi+ 0.06 Cr 

L5BrNi+0.005Cr (110) 
No.12 LSBrNi +O.01Cr(10) 
No!3 L5BrNi+Q03Cr (HO) 
No.14 LSBrNit 0.06Cr(10) 
No!5 L5WB+O.0ICr . 

L5WB+Q03Cr 

No.!17 L5SWB+0.06Cr 

No. 18 (CF) 
No.19  L5BrNit+QO6Cr(CF) 
No. 20 L5BrNiB+O.0ICr 
No.2! 


No. 22 25BrNitO.0ICr 


No. 23 .5BrNi+ 0.0ICr +, 


J Fic. 2.—Appearance and Protection Ratings of Panels Exposed at Kure Beach N. C. 
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TABLE V.—INSPECTION DATA, PROGRAM NO. 4, KURE BEACH (800-FT SITE), 


ACu = Acid copper, W = Buffed Watts nickel, B = Buffed, CR = Chromium CR 110, CF = 
Chromium CF 500, CrZ = Chromium crazing, E = Etch. See pages 333 and 334 for explanation 


Report or Committee B-8 (AppenDIX 


ad 


N. C., EXPOSURE, SUMMARIZING TABLE VII. 


of symbols showing descriptions of types of failure, extent, and location of defects. 


Tinc, Mits Exposure 4+ Montus| Exposure 7 
Lot | Strixe Bani Cr | RAtinG | Description | RATING Description 
1 1.5 0,01 x 6-6 3-3 eR, 1cR, IRs 
Y 88 seR 6-6 wR, IRs 
2 [0.05 cu 1.45] 0.01 x 33 1PR 2-2 xcR, xRs, xeR 
Y 9-9 vseR 10-9 vseR 
3 70.05 Nr 1.451 0,01 x 9-9 33 wR, IRs 
Y 9-9 spR 7-6 wR, scR, sRs, xvsSp 
10.15 Cu [0.65 0.7 | 0,01 x 1PR 6-5 scR, IRs, xvsSp 
Y 10-9 1Se 10-9 xvsSe 
5 10.15 Nt [0.65 ACu] 0.7 | 0,01 x 5-5 xeR 2 xeR, IRs, xvsSe 
Y 9-9 vseR 7-7 IRs, xvsSpe 
6 10.15 Ni 7.35] 0.01 x 6-6 6-5 IRs, xvsSe 
Y seR 7-6 wR, IRs, xvsSe 
7 10.15 Cu 1.35 | 0.01 x 6-6  IxcR, xRs, 1eR 
Y 9-8 seR, 8.8 
8 1.5 | 0,005 x pram ry xeR 2-2 xPR, xRs 
Y 7-7 seR 7-7 seR, sRs 
aq 1.9 0.03 x vseR, xZ 10-9 vsZ 
Y 8-8 seR, xZ 9-8 vsZ, vseR 
10 1.5 | 0.06 x 10-10 | x2 10-5 vsZ, 
Y 9-9 seR, xZ 9-6 vseR, sZ 
1 1.5 | 0.005 CR x seR 5-5 IRs 
Y 6-6 sSe 4-3 wR, IRs, xvsSp 
12 1.5 | 0.01 CR x 6-4 eR, wR, tvsSe, IRs 
Y 6-4 43 xPR, ivsSe, xRs 
13 1.5 |0.03 crR x 9-9 vVSPR, xZ 9-8 vseR, 1Z, SE 
Y 9-9 vseR, xZ 9-7 vseR, 12 
1% 1.5 0.0% cpr x 10-10 xZ 10-9 s2 
Y 8&8 seR, x2 9-8 vseR, sZ 
15 1.5 W 0,01 x 9-9 vseR 9-9 vseR 
Y 9-9 vseR 9-9 vseR 
z _ 969 vseR 9-9 vseR 
x 9-9 vseR, xZ 9-8 vseR, sZ 
Y 9-9 vseR, xZ 9-8 vseR, sZ 
z 9-9 vseR, xZ 9-8 vseR, sZ 
x 9-9 vseR, xZ 9-6 vseR, sSe, st 
Y 9-9 vseR, xZ 9-8 vseR, vsSe, sZ 
z 9-9 vseR, xZ 9-7 vseR, sZ, 
x 9-9 vseR 9-9 vseR 
Y 7-7 seR 7-7 seR, IRs 
x 2-2 xeR, IRs 2-2 xeR, xRs 
Y 5-5 2-2 xRs 
x 9-9 vseR 9-9 vseR 
Y 9-9 vseR 8-8 
x 1-1 xePR, xRs 2-2 xeR, icR, xRs 
Y xeR, IRs 
x 9-9 vseR, 9-8 
Y 9-9 vseR, isP 9-9 vseR 
x aren rs xPR 2-1 xePR, xRs, xSP 
Y 9-9 vseR 8-8 seR 
z 9-9 vseR 10-10 
Zz vseR 


a 


TABLE V —Contin ued. 


Exposure += 1 Year Exposure - 2 Years Exposure - 3 Years 
RATING Descriprion Rating __DESCRIPTION RATING DESCRIPTION 
2-2 xcR, xeR, xRs 2-2 xeR, xRs 0-0 xeR, xRs, 1cR 
5-5 Rs, wR, 32 xRs, 1SP 1-0 xPR, xRs 
1-1 xcR, 0-0 xcR, xB 0-0 - 

10-10 8 vseR 9-8 vseR, sSp 
2-2 xePR, xRs 1-1 xPR, xRs 0-0 vxeR, xRs 
5-4 IRs, 138, 2-1 xeR, xRs, 1Se 0-0 vxB, vxeR, xRs 
xeR, IRs, xsP 1-0 vxcR, xRs 0-0 
10-9 sSe 10-9 9-8 seR, sSe 
scR, xPR, xRs, 2-2 xPR, xRs 0-0 xcR, xeR, xRs 
7-6 sPpR, vscR, sSe 6-4 xcR, 1PR, IRs, IRs, 
IRs 1-1 xeR, xRs, scR} 0-0 vxPR, xRs 
7-6 seR, scR 5-4 1PR, sRs, sSp 1-0 xeR, xRs 
2-2 xcR, IRs 1-1 vxcR, xB, xRs 0-0 vxB, vxcR 
7-7 7-6 IRs, 4-3 seR, iSe, IRs, 
1-1 xPR, xRs 1-1 vxeR, xRs 0-0 xeR, xRs 
6-6 seR, sRs, 1SP 4-3 sSe 2-1 xpk, xRs 
10-9 9-8 wseR, 12 8-7 spR, sE 
9-8 vsPR, cRz 8.7 seR, 12 86 spR, 
10-8 s€ 9-7 seR, 9-7 spR, 
9-7 vseR, se 86 seR, 8-6 seR, 
2-2 xeR, xRs 1-1 vxeR, xRs,sSe 0-0 vxeR, xRs 
2-2 xePR, xRs 1-1 vxeR, xRs, sSpe 0-0 vxeR, xRS 
2-2 xePR, xRs 1-1 vxeR, xRs, sSe 0-0 vxeR, xRs 
2-2 xeR, xRs 1-1 vxeR, xRs, sSe 0-0 vxeR, xRs 
9-8 vseR, SE 9-8 sZ 9-8 | seR, sE 
9-8 vseR, se 8.7 seR, sZ 7-6 SE 
10-9 vseR, se 8-7 spR, 65 
9-8 vseR, sé 8-7 sPR, sZ 97-5 1€ 
7-7 6-5 wR, IRs, }2 xeR, SRs, sSp 
7-7 6-5 wR, IRs, sSe 2-1 xeR, sRs, sSe 
88 sPR 6-5 IRs, sSe _}2 xePR, xRs 
6-5 wR, se 5-4 xPR, sZ 3-1 xRs, sE 
9-8 vsePR, sE 7-6 seR, sZ 6-5 SE 
9-8 vseR, sE 9-8 spR, sZ 9-8 vseR, se 
5-7 vseR, se 6-5 sZ IRS, SE 
8-7 vspR, se 7-6 sZ 7-6 wR, IRs, sé 
10- vsPR, se 8.6 seR, sZ 8-6 iRs, se 
1PR seR, 1-0 xPR, xRs 
5-5 3-2 xeR, xRs, sSe 0-0 vxeR, vxRs 
2-2 xPR 1-1 xePR, icR 0-0 vxeR, xRs 
2-2 xePR 1-1 xPR, icR 1-1 vxeR, xRs 
9-9 9-8 seR, sSe 9-8 vseR, vsSe 
8-8 seR 7-6 sSe 5-4 IRs, «SP 
1-1 0-0 vxeR, xcR 0-0 vxcR, xRs 
3-3 2-2 scR, sSp 0-0 vxeR, xRs 
5-5 3 xeR, sSe 1-0 vxeR, xRs 
7-7 spR 6-5 sSe 5-4 wR, IRs, sSe 
0-0 xPR 0-0 vxeR 0-0 xcR, xeR, xRs 
5-5 eR 3-2 xeR, sSP__ 1-0 xeR, xRs 
2-2 1- vxcR, xB, xRs 0-0 wxcR, xB, xRs 
9-9 vseR 9-9 seR seR, sSe 
seR, sSe ieR, sRs, sSe 
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VII.—INSPECTION DATA, KURE BEA 
ACu = Acid copper, W = Buffed Watts nickel, B = 
Chromium CF 500, CrZ = Chromium crazing, E = Etch. See pages 333 and 334 for other symbols. 


Buffed, CR = 


Chromium CR 110, CF = 


seR, iSe 


seR, iSe 


Mits Monrn Exposure - 7 Monts 
Ben: Ce Oescrirrion OescaiPrion 
seR } IRs 
xeR eR, IRs 
IRs 
1.5 | 0,01 eR, 1cR, IRs 
IRs, vscR 
ser wR, IRs, vseR 
seR IRs, vscR 
seR seR, sRs, vscR 
seR seR, sRs, vscR 
x xcR, xRs, xPR 
xeR xcR, xRs, xeR 
xcR, xRs, xeR 
seR xcR, xRs, xeR 
1.45] 0.01 xcR, xRs, xeR 
vseR 
seR, «Se vscR, xvsSe 
vseR wR, IRs 
vseR IRs 
seR wR, IRs 
seR mR, icR, IRs 
1.45] 0.01 seR PR, icR, IRs 
wR, scR, SRs, xvsSe 
seR scR, SRs, xvsSe 
seR scR, SRs, xvsSe 
seR, mR, scR, sRs, xvsSe 
vserR seR, vwscR, xvsSe 
seR scR, iRs, xvsSe 
icR, IRs, weR, xvsSe 
eR scR, iRs, xvsSe 
scR, iRs, xvsSe 
0.7 | 0.01 vseR seR, xvsSe 
xvsSe 
xvsSe 
xvsSe, vseR 
‘Se xvsSe 
xvsSe 
xPR xeR, IRs, xvsSe 
xeR xeR, IRs, xvsSe 
xeR xePR, IRs, xvsSe 
xeR xeR, IRs, xvsSe 
0.7 0.01 xeR, xvsSe 
vseR Rs, vxsSe 
seR ieR, Rs, wxsSe 
vseR «Rs, wasSe 
vseR vseR 
vseR vseR 
xeR mR, IRs, xvsSe 
xeR xvsSe 
wR, IRs, xvsSe 
vserR seR, xvsSe 
1.35] 0.01 xeR xeR, xRs, xvsSe 
xeR wR, IRs, xvsSe 
xeR IRs, xvsSe 
vseR wR, xvsSe 
vseR vseR 
vseR vseR 
PR xcR, xRs, 
eR xcR, xRs, 
seR xcR, xRs, 4 
xcR, xRs, wR 
1.35 | 0.01 xeR xcR, xRs, 
vseR 
seR, xvsSe, seR 


xvsSe, PR 


COATING 
L 
| | 
| | 
| | 
ACcu 
5 | 0.15 Ni | 0.65 acu 
| 
| 
7 10.15 cu 
8. 
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TABLE VII.—Coniinued. 


posure ~ 1 Year 


xposure 2 YEARS 


Exposure - 3 Years 


Rating Description Ratins Deacriprion Rating Oescrirrion 
2-2 | xcR, xeR, xRs 1-1 xRs | xRs, 1cR 
3-3 xcR, xeR, xRs 33 | xcR, xRs 1-0 |xeR, xRs, 
3-3 | xeR, xeR, xRs 2-2 xcR, xRs 
2-2 | xeR, «Rs xeR, xRs 0O-O |xPR, xRs, 1cR 
2-2 | xcR, xeR, xRs 1-1 xcR, xRs 0-0 | xeR, xRs, 1¢R 
Rs, wR, 32 | xeR, 1Se 1-0 |xeR, xRs, 
5-5 Rs, 32 | xeR, xRs, 1Se 1-0 |xeR, xRs 
5-5 Rs, wR, 3-2 | xeR, xRs, 
6-6 | IRs, 1€2 | xRs, 2-0 |xeR, xRS 
6-6 IRs, 2-1 xeR, xRs, 1SP 0-0 |xeR, xRs 
xeR, KeR, 0-0 xcR, xB 0-0 
1-1 xzcR, xeR, xRs 0-0 xcR, xB 
1-1 xcR, xeR, xRs OO | xcR, xB |xcR, xB 
1-1 xcR, xPR, xRs 0-0 xcR, xB 0-0 xcR, xB 7 
t-1 xcR, xeR, xRs 0-0 | xcR, xB 0-0 jxcR, xB 
10-10 vseR vseR, sSe 
10-10 | seZ 10-10 
10-10 10-10 9-8 |vseR, sSe 
| scR, imB, 5-3 xB, 
10-10 10-10 10-9 vseR, 
2-2 xeR, xRs 1-1 xeR, xRs 0-0 vxeR, xRs 
2-2 | xeR, xRs 1-1 xeR, xRs O-O jexeR, xRs 
2-2 | xeR, xRs 1-1 xeR, xRs j|vxeR, xRs 
2-2 | xeR, xRs 1-1 xPR, xRs 
2-2 xeR, xRs 1-1 xeR, xRs 0-0 exeR, xRS 
IRs, 1388, 1-0 | xeR, xcR, xB 0-0 vxB 
5-4 IRs, 188, 1-0 | xeR, xcR, xB 0-0 
138, 1-1 | xeR, SRs, 1SP vxeR, xRs 
| IRs, 138, 2 | xeR, SRs, 1Se O-O |yxerR, xRs 
5-4 IRs, 138, xeR, sRs, -— 
| xcR, xSe 0O-O | vxcR, xRs 0-O |vxcR 
2-2 | xcR, xSe | vxcR, xRs |vxcR 
33 xcR, iRs, xSe 0-0 vxcR, xRs 0-0 
33 | xeR, O-0 | vxeR, xRs 
7-5 scR, xSe 32 | xcR, xRs, 1Se 1-0 |vxcR 
10-10 al | 10-9 | sSe 9-8 |seR, sSe | 
10-10 { 10-10 
9-7 |vscR, xSe 9-8 | sSre, vseR 
10-8 | xSe 10-9 10-9 |sSe 
10-8 | xSe 10- 9-8 |seR, 
— — 
3 scR, xeR, xRs, 1Se 2-2 xeR, icR, xRs xcR, xeR, xRs 
43 | scR, xPR, xRs, 2-2 | xeR, eR, xRs O-O |xcR, xeR, xRs 
4-3 [scR, xeR, xRs, 2-2 | xeR, xRs 0-0 |xcR, xeR, xRs 
4&3 scR, xeR, xRs, 1Se 2-2 | xeR, icR, xRs 
scR, xeR, xRs, 1Se 2-2 | xeR, xRs 0-0 jscR, xeR, xRs 
=< scR, | xcR, IRs, 1-0 |xeR, xcR, xRs, 3Se 
5-4 | scR, xSe 42 | xcR, IRs, 1SP 
5-4 scR, xSP 4-2 | xcR, eR, IRs, 0-0 |xer, xcR, xRs, 
| seR 9-8 |vseR, 8&7 |seR, sSe 
9-9 | vser 9-8 | vseR, sSe 
IRS 3-2 |xeR, xRs, sSe, scR xRs 
xRs 1-0 |xeR, xRs, scR | O-O xRs 
x 1-0 |xeR, xRs, sSe, scR 0O-O xRs 
SRS 2-1 |xeR, xRs, sSe, scR it 
2-2 jxeR, xRs 0-0 |xeR, xRs, scR 0-0 lvseR, xRs 
97-6 eR, Rs 7-6 wR, SRs, sSe 32 xRs 
5-4 [1Se, 1PR, |xeR, iF, IRs, 0-0 xRs 
5-4 seR 2-1 xeR, xB, IRs, O-O xRs 
8-8 jseR 7-6 eR, sRs, sSe 
6-5 |ieR, sRs, sSP 2-0 ixeR, xRs 
3-3 xcR, 188 2-2 |vxcR, xB, xRs OO iwxB, vxcR 
3-3 xcR, IRs 2-2 |vxcR, xB, xRs 
2-2 xcR, IRs 0-0 vxcR, xB, xRs 0-0 vxB, vxcR : 
2-2 xcR, IRs 0-0 yxcR, xB, xRs 0-0 vxB, vxcR a : 
2-2 jxeR, iRs 1-1 vxcR, xB, xRs 0-0 
10-10 ~ 10-9 9-8 IvseR, sSe 
7? |serR, xSe 9-5 rR, iSe, 
10-10 10-10 
xSP 5-3 iRs, 3-2 |xeR, xRs, 1cR, 1Se 
SCR }-1 xeR, IRs, O-O ixeR, xRs, icR, 
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TABLE VII.—Continued. 


Coating, Mits Monts Exposure 7 Motus 
Lor |Staixe Bani Cr Prater | RatinG | Description |Rating Description 
33 | xer 2-2 | xeR, xRs 
33 | 2-2 | xeR, xRs 
x 3-3 | xerR 2-2 | xeR, xRs 
4b | xeR 2-2 | xeR, xRs 
8 1.5 | 0.005 5-5 | xeR 33 | xR, xRs 
5-5 | 5-5 | 
9-9 | vseR 88 | vseR 
Y vseR 9-9 vseR 
9-9 vseR 7-7 seR, sRs 
5-5 | xeR 5-5 eR, sRs 
9-9 | vseR, xZ 10-9 | 
vseR, xZ 10-9 vsZ 
x 10-10] xZ 10-9 vsz 
vseR, xZ 10-9 vsZ 
9 1.5 | 0.03 9-9 | vseR, xZ 9-8 | vsZ, vseR 
| xZ 9-8 | vsZ, vseR 
88 | seR, xZ 9-8 | vsZ, vseR 
Y 99 | vseR, xZ 9-8 | vsZ, vseR 
9-9 | vseR, xZ 9-8 | vsZ, vseR 
9-9 | vseR, xZ 9-8 | vsZ, vseR 
9-9 | vseR, xZ 10-5 |vsZ, xE 
10-10] xZ 10-5 | wsZ, x€ 
x 10-10] xz 10-5 | vsz, x€ 
10-10] xZ 10-5 | wsZ, 
10 1.5 | 0.06 10-10} xz 10-5 | vsz, xe 
G9 | sPR, xZ vseR, sZ 
8-8 | x2 9-5 |vseR, sz 
Y 9-9 seR, xZ 9-7 vseR, sZ, vsSe 
sepR, xZ 9-7 vseR, sZ, vsSe 
10-10 | xz 10-5_ 
8&8 | seR 5-5 eR, IRs 
vseR 5-5 mR, IRs 
x 99 | vseR 4k IRs 
9-9 vseR 9-9 seR, sRs 
11 1.5 | 0.005 CR | xeR 2-2 |xeR, 
6-6 | 1eR, 1SP 4-3 | xvsSr 
5-5 | xeR wR, IRs, xvsSe 
Y 6-6 | 1Se 4-3 Rs, xvsSe 
6-6 eR, 4.3 wR, IRs, xvsSe 
5-5 xeR 2-2 |xeR, xRs 
xSe 3-2 iRs, ivsSe 
6-4 eR, xSP 3-2 eR, IRs, ivsSe 
x 9-7 vseR, 6-5 seR, sRs, ivsSe 
5-4 |xeR, 2-2 |xeR, IRs 
12 1.5 |0.01 CR 6-4 eR, 1SP 3-2 |xeR, IRs, tvsSe 
6-4 rR, xSe 3-2 |xeR, xRs, ivsSe 
6-4 xSP 3-2 |xeR, xRs, tvsSe 
Y | xeR 3-2 |xeR, xRs, ivsSe 
8% |seR, 1SP 43 eR, IRs, wvsSe 
8-4 |seR, 6-5 IRs, tvsSe 
9-9 vseR, xZ 9-7 vseR, sE 
10-10 | #2 10-7 1Z, sE 
x 9-9 |vseR, xZ 9-8 |vseR, 1Z, sé 
99 |vseR, xZ 9-8 |vseR, 1Z, SE 
13 1.5 0.03 CR 9-9 |vseR, xZ 9-8 |vseR, 12, sE 
9-9 vseR, xZ 9-7 vseR, iZ 
vseR, xZ 9-7 vseR, 1Z 
88 |spR, x2 8-6 |seR, sRs 
88 |seR, xZ 9-7 |vseR, 12 
vseR, xZ 


| 
10-10 10-3 | sz 
9-9 10-9 sZ 
9-9 9-8 | vseR, sZ 
10-10 10-9 sZ 
, 14 1.5 0.06 CR 10-10 10-9 sZ 
seR, xZ 9-8 vseR, sZ 
q 8-8 | sPR, xZ 9-7 | vseR, sZ 
Y 8-8 | seR, 9-8 | vseR, sZ 
88 | xZ 9-8 | vseR, 
88 | seR, xZ 9-8 | vseR, sZ 
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TABLE VII.—Continued. 


Exposure - 1 Year 2 Years Exposure 
RaTincG Description Rating] » Description Ratine Ocscriprion 
1-1 xek, xRs 1-1 wxeR, xRs 0-0 | xeR, xRs 
1-1 xeR, xRs 1-1 vxeR, xRs 0-O | xeR, xRs 
1-1 xPR, xRs 1-1 vxeR, xRs 0-0 xeR, xRs 
1-1 xeR, xRs 1-1 vxeR, xRs 
1-1 xeR, xRs 1-1 vxeR, xRs 0-0 xeR, xRs 
5-5 wR, IRs, «Se 2-2 | xeR, sSe 0-0 | xeR, xRs 
7-7 | seR, sRs, sSe 5-4 | 1PR, sSe 2-1 xeR, xRs 
9-9 | vseR, 8-7 | seR, 5-3 | IRs 
5-5 | 1Se 2-2 | xeR, sSe 
2-5 _ 1eR, IRs, 1SP 2-2 | xeR, sSe 0-0 | xeR, xRs 
10-9 | caZ 9-8 | vseR, 12 9-8 | seR, sE 
10-9 | crZ 9-8 | vseR, 12 8&7 | spR, sE 
10-9 | crZ 9-8 | vseR, 12 8&7 | seR, sE 
10-9 | crz 9-8 | vseR, 12 6-5 | 1PR, 
10-9 | caz 9-8 | vseR, 12 
67 | crZ | 12 
9-8 | vseR, crz 87 | seR, 12 8-6 | 
9-8 | vseR, crZ 8&7 | seR, 12 8-6 | seR, sE 
9-8 | vseR, crZ 8&7 | seR, 8&6 | sE 
9-8 | vseR, crzZ 8-7 | seR, 86 | sE 
10-8 | 9-7 | seR, xE | sPR, 
10-8 | 8-6 | sPR, 8-6 | seR, 1€ 
10-8 | sCr€ 9-7 | sPR, xE 8-6 | seR, 1€ 
10-8 | 9-7 | sPR, xE 9-7 | 
10-8 | sCre 9-7 | sPR, xE 
|vseR, 8-6 | sPR, xE 8-6 | sPR, 
9-7 |vseR, 7-5 | seR, xE 7-5 | seR, 1€ 
9-7 |vseR, 8-6 | sPR, xE 7-5 | seR, 1€ 
9-7 |vseR, 86 | seR, xE 8-6 | 1€ 
10-8 9-7 | seR, xE 
2-2 xeR, xRs 1-1 vxeR, xRs, sSe 0-0 vxeR, xRs 
2-2 xeR, xRs 1-1 vxeR, xRs, sSe 0-0 vxeR, xRs 
2-2 xPR, xRs 1-1 vxeR, xRs, sSe 0O-O | vxeR, xRs 
6-6 rR, IRs 2-1 vxeR, xRs, sSe 
0-0 | xp | 2 — 
2-2 | xeR, xRs 1-1 vxeR, xRs, sSe | vxPR, xRs 
3-3 xPR, xRs 2-1 vxeR, xRs, sSe 0O-O | vseR, xRs 
2-2 | xeR, xRs 1-1 vxeR, xRs, sSpe 
2-2 xeR, xRs 1-1 vxeR, xRs, sSe oo vseR, xRs 
1-1 xeR, xRs 1-1 vxeR, xRs, sSe 0-0 vseR, xRs 
1-1 xeR, xRs 1-1 vxeR, xRs, sSe 0-0 vseR, xRs 
1-1 xeR, xRs 1-1 vxeR, xRs, sSe 0-0 vxeR, xRs 
3-3 xeR, xRs 1-1 vxeR, xRs, sSe 0-0 vxeR, xRs 
1-1 xeR, xRs 1-1 vxeR, xRs, sSe 0-0 vxeR, xRs 
2-2 | xRs_ 1-1 vxeR, xRs, 
2-2 | xeR, xRs 1-1 vxeR, xRs, sSe 0O-O | vxeR, xRs 
2-2 | xeR, xRs 1-1 vxeR, xRs, 0-O | vxeR, xRs 
2-2 xeR, xRs 1-1 vzeR, xRs, sSpe 
2-2 xeR, xRs 1-1 vxeR, xRs, sSe 0-0 | vxeR, xRs 
| IRs 2-1_ | vxeR, xRs, sSp 0-0 | vxPR, xRs 
9-8 | vseR, 9-8 | seR, sZ 87 | seR, se 
10-9 | sCre 9-8 | seR, sZ 9-8 | sPR, sE 
9-8 | vseR, 9-8 | sPR, sZ 9-8 | sE 
10-9 | sCre 9-8 | sZ 9-8 | sPR, se or 
9-8 | vseR, 9-8 | 
9-8 | vseR, sCrE seR, sZ 8&7 | seR, 
9-8 | vseR 8-7 | sPR, sZ 7-6 | sE 
8-7 | vseR 7-6 | sZ 
8-7 | vseR, sCre 7-6 | sZ 7-6 | SE 
9-8 | vseR, sCrE 9-8 | sPR, sZ 7-6 | SE 
10-9 | vseR, sCrE 8-7 | seR, sZ 6-5 | 
10-9 | vseR, sCrE 8-7 | sPR, sZ 
9-8 | vseR, 7-6 | seR, sZ 6-5 | sE 
10-9 | vseR, sCrE 8&7 | sPR, sZ 7-5 | 
10-9 | vseR, 7-6 | spR, sz 5-3 eR, 1€ 
| vseR, sCre 8-7 | seR, sz 87 | 
6-5 | one v Le, sCr& 8-7 | sPR, sZ 
9-8 | vseR, 8-7 | sPR, sZ 7-5 | 
9-8 | vseR, sCrE 8-7 | sPR, sZ 6-4 | PR, 1E 
vseR, 7-6 | sz 6-% | 


— 
| 
| 
— 
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Report oF CommItrEE B-8 (ApPENDIXI) 
TABLE VII.—Continued. 
Coating, Mits xposure = MonTHS Exposure - 7 Montus 
Lor | Sraixe Bani Ce Prater| Ratinc | Descairtion | Rating Description 
9-8 | vseR, vsSe 
9-9 |vseR 9-8 | vseR, vsSe 
x 9-9 vseR 9-9 vseR, 
10-10 9-9 vseR 
10-10 9-9 vseR 
9-9 vseR 9-9 vseR 
9-9 IvseR 9-8 | vseR 
15 1.5 W 0.01 Y 9-9 IvseR 8-8 | vseR 
9-9 vseR 9-9 vseR 
9-9 vseR 9-9 vseR 
9-9 vseR 9-9 vseR 
9-9 vseR 9-9 vseR 
z 9-9 vseR 9-9 vseR 
9-9 vseR 9-9 vseR 
vseR 9-9 vseR 
9-9 vseR, xZ 9-5 | vseR, sZ 
9-9 |vseR, xZ 9-8 | vseR, sZ 
x 99 xz 9-8 | vseR, sZ 
99 |vseR, xZ 9-8 | vseR, 
9-9 |vseR, xz 9-8 | vseR, sZ 
9-9 [vseR, xZ 9-8 | vseR, sz 
9-9 |vseR, xZ 9-8 | vseR, sZ 
16 1.5 W 0.03 Y 9-9 |vseR, xZ 9-8 | vseR, sZ 
9-9 |vseR, xZ 9-8 | vseR, sZ 
|vseR, xz 9-8 | vseR, sz 
9-9 |vseR, xZ 9-8 | vseR, sZ 
10-10 | vseR, xz 10-9 | sz 
z 99 |vseR, xZ 9-8 | vseR, sZ 4 
10-10 | vseR, xZ 10-9 | sz 
9-9 |vseR, xz | vseR, sz 
9-9 |vseR, xZ 9-6 | vseR, 
9-9 |vseR, xZ 9-6 | vseR, sSe, 
x 9-9 |vseR, xZ 9-6 | vseR, sSe, 
9-9 |vseR, xZ 9-6 | vseR, sSe, sé 
9-9 |vseR, xz 9-6 | vseR, sSp, se 
9-9 |vseR, xZ 9-8 | vseR, vsSre, sZ 
9-9 |vseR, xZ 9-8 | vseR, vsSe, 
17 1.5 0.06 Y 9-9 |vseR, xZ 9-8 | vseR, vsSe, sZ 
9-9 |vseR, xZ 9-8 | vseR, vsSe, sZ 
9-9 |vseR, xZ 9-8 |vseR, vsSe, sZ 
10.10 | xZ 9-7 | vseR, sZ, SE 
9-9 xZ 97 |vseR, sZ, 
z 9-9 |vseR, xZ 10-8 | sZ, se 
vseR,. xZ 9-7 vseR, sZ, 
9-9 vseR, xZ 10-8 sZ, s€ 
vseR 9-9 | vseR 
vserR 9-9 | vserR 
x 9-9 vseR vseR 
10-10 vseR 
18 1.5 0.01 CF 10-10 vseR 
seR 


| 
rf 
ser 22 IRS 
7-7 |seR 8-8 | sRs 
4 xeR, IRS 
xeR, 2-2 xeR, xRs 
xeR, IRs 2-2 | xeR, xRs 
; xeR, IRs 2-2 xeR, xRs 
xeR, IRs 2-2 xePR, xRs 
19 0.06 CFs xeR, 2-2 | xeR, xRs 
= 5-5 wR, IRs 
33 2-2 | xPR, xRs 
> 5-5 2-2 | xeR, xRs 
2-2 | xeR, xRs 
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TABLE VII.—Continued. 


PERFORMANCE TESTS OF NICKEL-CHROMIUM COATINGS 


Exposure 1 Year Exposure - 2 YEAR Exposure - 3 Years 
RATING DescriPprTion RATING Description Ratine Description 
6-6 5-4 | scR, IRs, 
6-5 eR, iRs, sSP 3-2 |xeR, sRs, sSe 
6-6 5-4 SSP 3-0 [xeR, sRs, sSr, scR 
8-8 I|seR 6-5 | 1eR, IRs, sSe 32 |xeR, sRs, sSe 
8-8 I|seR 6-5 | IRs, sSe 3-2 | xeR, sRs, sSe 
8-8 6-5 | 1eR, IRs, sSe 
6-5 | IRs, 3-2 | xeR, xRs, 
re eR, «Rs, sSe 1-0 | xeR, xRs, 
seR 5 | 1eR, Rs, sSe 2-1 | xeR, xRs, sSe 
8-8 |serR 6-5 | IRs, sSe 32 | xeR, xRs, 
8-8 5-4 IRs, 
8-8 |sPR 5-4 | IRs, sSe 2-1 | xeR, xRs 
8-8 |sPR 5-4 sSe 1-0 | xpPR, xRs, scR 
9-9 I|sPR 8-7 IRs, sSe 4-3 | xeR, xRs 
9- 8-7 |. PR, IRs, sSe 6-5 IRs 
6-5 PR, 5-4 | xeR, 82 
6-5 5-4 | xeR, 3-1 | xeR, xRs, SE 
6-5 |iPR, sCr€ 5-4 | xeR, 3-1 xRs, sE 
6-5 |1PR, 5-4 | xeR, 82 3-1 | xeR, xRs, 
6-5 | sZ 3-1_| xem, xRs, 
9-8 |vseR, 7-6 | seR, 
sCrE 6-5 | seR, 32 5-4 | SE 
7 9-8 |vseR, sCre 8&7 | seR, 32 7-6 | 
9-8 l|vseR, 6-7 | sZ 6-5 | SE 
9-8 l|vseR, 87 | seR, 32 
9-8 sCr€ 9-8 |seR, 9-8 | vseR, 
9-8 IvseR, 9-8 |seR, 9-8 | vseR, s— 
9-8 |vseR, sCrE 9-8 |seR, 32 9-8 | veer, s€ 
9-8 |vseR, 9-8 |seR, sZ 9-8 | vseR, 
9-8 lvseR, sCr& 6-5 |iPR, 42 | IRs, SE 
8.7 |vseR, sCrE 6-5 |1PR, 4-2 | IRs, 
87 \vseR, sCr& 6-5 |1PR, | eR, IRs, SE 
8.7 |vseR, sCr 6-5 4-2 | IRs 
8-7 sCrE 7-6 |seR, SZ 
8.7 \vseR, sCrE 7-6 |seR, sZ 7-6 | IRs, SE 
sCrE 8-7 |seR, sZ 7-6 | IRs, SE 
87 |vseR, 87 |seR, 7-6 | IRs, SE 
8-7 sCré_ 7-6 |seR, sZ 
10-9 lvseR, sCrE& 9-7 |seR, 
9-8 lvseR, sCrE 7-5 |seR, sZ 6-5 eR, IRs, SE 
10-9 |vseR, sCr€ 8&6 |sPR, 7-6 | IRs, SE 
9-8 lwseR, sCrE 7-5 |seR, 7-6 eR, IRs, SE 
10-9 _|vseR, sCre 9-7 _|seR, 9-8 | seR, sRs, s—_ 
ker 2-1 seR, sSe | xeR, xRs 
= 2-1 |seR, 
6-6 eR 5-4 PR, sSP 1-0 | xeR, xRs 
8-8 7-6 |seR, sSe 
4-3 PR, sSP 1-0 | xeR, xRs 
6-6 3-2 |xeR, xRs, sSe 0-0 | vseR, vars, 
2-2 xeR 1-0 xeR, xRs, 
6-6 2-1 |xeR, xRs, sSP 0-0 | vseR, vxRs 
1-0 |xeR, xRs, 0-0 | vseR, vxRs, seR 
2-2 xeR 
2-2 1-1 xeR, icR 0-0 | vxeR, xRs 
2-2 xeR 1-1 xePR, 1cR 
2-2 xeR 1-1 xeR, oo vxeR,. xRs 
2-2 eR 1-1 xeR, icR 0-0 | vxeR, xRs 
33 [xeR, 3-2 |xeR, xRs 
2-2 jxeR 1-1 xeR, j|vxeR, xRs 
1-1 xeR, 
1-1 vxeR, xRs 
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TABLE VII.+—Continued. 
Coatine xposurc - 4 MontHs Exposure - 7 Montns 


Strrixe Cr Prater! Rating | Description | Rating Descrirtion 


vseR vseR 
vseR 


356 
10-10 10-10 
: 20 9-9 10-10 
9-9 vseR 9-9 j|vseR 
: 8-8 | ser 6-6 | 1PR, sRs 
Y vseR vseR 
= vseR 9-9 vseR 
xPR, xRs 2-2 |xeR, xRs 
xeR, xRs 2-2 xeR, 1cR, xRs 
xeR, xRs 2-2 xeR, icR, xRs 
xeR, xRs 2-2 xeR, icR, xRs 
21 xeR, xRs 2-2 |xeR, icR, xRs 
9-9 vseR 9-9 
8&8 | seR 8&8 | seR 
Y 2-2 | xeR, xRs xSP 
2-2 xRs 1-1 vxeR 
10-9 | 10-9 | sSe 
| vseR, 1Se 8&7 | sSe 
| veeR, 1SP 7-6 eR, sSe 
10-9 | 1SP | sPR, sSe 
22 9-9 | vseR, 9-8 |seR, sSe 
vseR, iSe 9-9 vseR 
9-9 | vseR, 1SP 8&7 |seR, 
Y 99 | vseR, 1SP | vseR 
99 | vsPR, 1SP | vser 
9-9 | vseR, 1SP 9-9 ver 
| xeR 2-1 xeR, 
| 2-1 xRs, xSe 
| xeR 3-2 | xeR, xRs, xSe 
4 | xPR 2-1 | xPR, xRs, xSP 
23 | xeR 2-1 xeR, xRs, xSP 
8 seR 
9-9 6-6 | 
Y 7-7 | 
8&8 eR 
88 | seR 5-4 IxseR, IRs 
0.05 CFs 7-7 | seR 4k [xscR, IRs 
6-6 | 1PR 4-4 [xseR, IRs 
xeR 44 [xsecR, IRs 
10-10 
10-10 10-10 
25 0.01 CF +9 9-9 seR 
+9 9-9 | vsPR, vscR 
10-10 10-10 
9-9 | vseR 
10-10 10-10 
10-10 10-10 
10-10 9-9 vseR 
é | He: gheasi | 
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TABLE VII.—Conceluded. 
Exrosure - 1 Year ure 2 Years xeosure 3 Years 
Rating Description Ratinc Rating 
| vserR 9-8 | seR, sSe 
| vseR 5-8 | seR, sSe 9-8 vsSe 
9-9 | 10-9 | sSP 9-8 |vseR, vsSe 
%9 | vseR 9-8 | seR, sSe 9-8 IvseR, vsSe 
| 9-8 | seR, sSe 9-8 |vseR, vsSp 
7-7 | 5-4 | xeR, sSe IRs, 
5-5 32 | xeR, sSe 
9-9 | vseR 9-8 | 
9 | vserR 8-7 | 6-5 |1eR, 1Se 
9-9 | 8&7 6-5 IRS, 
1-1 | xeR | vxeR, xcR 
= 1-1 | xeR 0-0 | vxeR, xcR OO |vxeR, xRs 
1-1 | xeR O-O | vxeR, xcR 0-0 |vxcR, xRs 
1-1 xeR 0-0 | vxeR, xcR OO jvxcR, xRs 
1-1 xeR O-O | vxeR, xcR jivxcR, 
9-9 | vseR 7-6 | sSP 
7-7 | sm 4-3 | sSe 1-0 |vxeR, xRs 
0-0 xPR 0-0 xeR, icR, sSe 0-0 vxeR, xRs 
0-0 | xeR, 0-0 vxeR, xRs 
0-0 | | xeR, 
6-6 | | xeR, sSe 
5-5 | | xeR, sSe 1-0 |vxeR, xRs 
33 | xer 3-2 | xeR, sSe |vxeR, xRs 
6-6 | 1PR 4-3 | sSe 2-0 |xeR, xRs 
5-5 4.3 [| xeR, sSe 2-0 |xeR, xRs 
| vser 9-8 |seR, 8-7 IseR, sRs, sSe 
7-7 | ser 6-5 | sSe 5-3 Rs, sSe 
88 | 6-5 | sSe 6-5 |iPR, sRs, sSe 
7-7 |seR 6-5 | eR, sSe 
5-5 seR, 2-1 |xeR, IRs, 
= 0-0 | xeR oo 
0-0 | xPR |vxeR | xcR, xeR, xRs 
O40 | xeR OO |vxeR | xcR, xeR, xRs 
0-0 xeR 0-0 0-0 xcR, xeR, xRs 
0-0 xeR | vxeR 0-0 | xcR, xeR, xRs 
6-6 | 1PR xeR, 1-0 | xeR, xRs 
33 | xerR 1-0 | xeR, sSe 1-0 | xeR, xRs 
3-3 xPR 1-0 xeR, sSe 
7-7 seR 5% | xeR, 0-0 | xeR, xRs 
7-7 | seR 4-3 | xeR, sSe 
2-2 1-1 vxcR, xB, xRs 0-0 vxcR, xB, xRs 
33 | xerR 2-2 | vxcR, xB, xRs 0-0 | vxcR, xB, xRs 
2-2 | xeR 1-1 | vxcR, xB, xRs 6-O vxeR, xB, xRs 
22 xeR 1-1 vxcR, xB, xRs 
2-2 xeR 0-0 | wxcR, xB, xRs 0-0 | vxcR, xB, xRs 
99 | vseR 6-5 | ser 5-4 | sSr, iPR, SCR, SRs, seB, seR 
10-10 9-9 | seR 8&7 | sSe 
88 | 7-7 | seR, 3B 42 | 1B, IRs, sSe 
10-10 10-10 9-8 | vseR, sSp, icPR 
99 [vseR 8-7 |seR, sSe 7-6 sRs, sSe 
|vseR 8&7 | spPR, sSe 
9-9 |vseR 8&7 | seR, sSe 7-6 eR, 
| vseR 9-8 | seR, sSe 8&7 | seR, sRs, 
9-9 |vser 8-7 |seR, sSe 7-6 | SRs, sSe 
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TABLE VIII.—COMPARISON OF RATING WITH COATING THICKNESS. 


+% Exposure: 2-yr Exposure at Kure Beach, N.C. 
Measured Thickness, mils Rating Numbers 
Lot No, | Plater Description 
Strike Copper | Nickel 

D4 1.35 | 0.008 2 2 xcR, xRs 
Y ann 1.79 | 0.009 3 2 xpR, xRs,iSp 
xX Copper 0.05 1.38 | 0.010) 0O 0 xcR, xB (broken) | 
Y | Copper 0.05 2.05 | 0.004} 10 10 sad a 
Y Copper 0.05 1.97 | 0.004) 5 3 ipR, xB, iSp f 
+ 4 Nickel 0.05 1.15 | 0.010 1 1 xpR, xRs oe 
Y Nickel 0.05 1.45 | 0.008) 3 3 xpR, xRs,iSp 
ax Copper 0.85 0.76 | 0.008) 0O 0 vxcR, xRs a 
Copper 0.98 0.96 | 0.008} 10 10 
¥ Copper 0.99 .. | 0.69 | 0.007) 9 8 sSp, vspR 
x Nickel 0.13 | 0.56 | 0.69 | 0.010 2 2 xpR, icR, xRs 
if Nickel 0.14 | 0.57 | 0.66 | 0.005 4 2 xcR, ipR, iRs, iSp 
Y Nickel 0.14 | 0.30 | 0.73 | 0.007; 9 8 vspR, sSp 
x Nickel 0.14 = 1.31 | 0.009 2 1 xpR, xRs, sSp, scR 
Y Nickel 0.13 1.69 | 0.007) 7 6 ipR, sRs, sSp 
xX Copper 0.16 1.35 | 0.010 2 2 vxcR, xB, xRs 
Y | Copper 0.12 1.26 | 0.009 10 | 10 By -_ 
Y Copper 0.13 1.82 | 0.005) 3 1 xpR, iRs, iSp 
x 1.57 | 0.009} 1 1 vxpR, xRs 
Y 2.00 | 0.003 2 2 xpR, sSp oa : 
1.54 | 0.048) 9 8 vspR, iZ 
7 2.09 | 0.038) 7 6 spR, iZ 4 
x 1.50 | 0.093] 9 7 spR,xetch => 
Y 2.08 | 0.084 9 7 spR, x etch a 
xz 1.53 | 0.005} 2 1 vxpR, xRs, sSp 
x 1.44 | 0.005} 1 1 vxpR, xRs, sSp 
1.91 | 0.005) 1 1 vxpR, xRs,sSp 
xX 1.47 | 0.010 1 1 vxpR,xRs,sSp 
Y 1.82 | 0.010 1 1 vxpR, xRs, sSp a 
xX 1.51 | 0.030 9 8 spR, sZ 
4 1.69 | 0.030 9 8 spR, sZ 7) 
1.39 | 0.070} 7 spR, sZ 
Y 2.15 | 0.060) 8 7 spR, sZ 
xX 1.63 | 0.018 5 4 ipR, seR, iRs, sSp 
Y 1.82 | 0.012) 6 5 ipR, iRs, sSp 
Z 1.64 | 0.018} 5 4 ipR, iRs, sSp 
xX 1.47 | 0.054) 5 4 xpR, sZ (surface) 
Y 1.64 | 0.037} 7 6 spR, sZ 
Z 1.81 | 0.042 8 7 spR, sZ 
xX 1.86 | 0.105) 6 5 ipR, sZ (surface) 
Y 1.75 | 0.070} 7 6 spR, sZ 
Z 1.83 | 0.096) 9 7 spR, sZ 
1.50 | 0.010} 2 1 xpR, sSp — 
xX 1.51 | 0.009} 7 6 spR, sSp : 
Y 1.47 | 0.010) 1 0 xpR,xRs,sSp 
1.81 | 0.010) 6 5 ipR,xRs,sSp 
».¢ 1.64 | 0.065) 1 1 xpR, icR i 
4 2.84 | 0.058 1 1 xpR, icR = 
x 1.59 | 0.007 9 8 spR, sSp in 
Y 2.12 | 0.012 3 2 xpR, sSp _ 
Y 2.05 | 0.009 9 8 spR, sSp 
x 0.73 | 0.010, 0 | vxpR, xeR 
Y 0.49 | 0.010) 7 6 ipR, sSp : 
Y 0.50 | 0.005) 0 0 xpR, icR, sSp 
x 2.52 | 0.011 4 3 xpR, sSp 
Y 3.14 | 0.007} 6 5 ipR, sSp 
xX 1.42 | 0.008 0 0 vxpR 
Y 1.53 | 0.006 1 0 xpR, sSp 
Y 2.06 | 0.009 4 3 xpR, sSp 
Z 1.69 | 0.048 1 1 vxcR, xB, xRs 
Z 1.81 | 0.009] 9 9 xpR 
Z 1.71 | 0.016) 8 7 spR, sSp 


| 


ae EXPOSURE AND ACCELERATED TESTS OF SUPPLEMENTARY | 


This final report summarizes the re- 
sults of an investigation of chromate con- 
version films for electroplated zinc coat- 
ings on steel. Its purpose was to explore 
the possibility of correlating service 
performance with one or more accelerated 
testing procedures. 

There are more than two dozen varie- 
ties of chromate treatments for zinc 
available on the market. With few excep- 
tions, these treatments are either pro- 
prietary solutions or are operated under 
license. For the sake of simplicity, these 
treatments can be grouped into four 
major classifications: bright, clear finishes 
which are primarily used for appearance; 
bronze-colored iridescent finishes which 
are generally used for protection and 
where appearance is of secondary im- 
portance; dark colored treatments for 
heavy duty that may also be used as a 
base for organic finishes; and treatments 
applied by electrochemical means. 


Chromate Treatments: 


The following typical chromate treat- 
ments were used in this investigation: 
(a) an electrolytic treatment of the clear 
type; (6) a yellow electrolytic treatment; 
(c) a plain-dip olive-drab-colored film 

1 The outdoor exposure tests were conducted 


by Subcommittee II on Performance Tests, and 
identified as Program No. 101. 


CHROMATE TREATMENTS FOR ELECTROPLATED 
ZINC COATINGS! 


REPORT OF SECTION B oF SUBCOMMITTEE V ON SUPPLEMENTARY 
‘TREATMENT FOR METALLIC COATINGS 


representing the dark variety; (d) a 
clear dip treatment; (e) two iridescent 
dip treatments used primarily for corro- 
sion protection: one a proprietary treat- 
ment coded with suffix 1; and one of 
known composition representing an 
earlier type of chromate treatment for 
zinc coded with suffix 2. All these treat- 
ments, with the exception of the last 
one, are proprietary solutions. Treat- 
ment (f) is applied from a 20 per cent 
sodium dichromate solution acidified 
with sulfuric acid to a pH of around 1.0. 


Preparation Procedures: 


For this study, the treatments were 
applied to nominal 0.0005 - in. thick 
electroplated zinc coatings on cold-rolled 
steel panels. The plating was carried out 
in a conventional manner as follows: 

1. Degreased in trichloroethylene, 

2. Anodically cleaned in a hot pro- 
prietary alkaline cleaner, 

3. Spray rinsed, 

4. Dipped in 20 per cent by volume 
hydrochloric acid, 

5. Spray rinsed, and 

6. Electroplated. 

The zinc cyanide plating bath used 
was purified by treatment with zinc 
dust and sodium sulfide, and by filtration 
through activated carbon. No agita- 
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tion was used. The bath composition 
and operating conditions are: 


Zinc cyanide............. 66 g per liter 
Sodium cyanide.......... 31 g per liter 
Sodium hydroxide........ 54 g per liter 
Temperature............. Room (85 to 95 F) 


Current density.......... 14 amp per sq ft 

@ Depending on thickness checks on specimen 
panels and on varying allowance for thickness 
of zinc removed by chromate treatment. 


The thickness of zinc coating was held 
to within +10 per cent of the nominal, 
with a few exceptions as noted below. 

Variations over a given panel are 
significantly larger in the case of the 


TABLE I.—AVERAGE THICKNESS 
OF SAMPLE PANELS. 


Treatment Thickness, in. 
Clear electrolytic........... 47, 49, 48, 49, 50 
48 x 10-5 
Yellow electrolytic. ........ 47, 48, 46, 45, 54, 
48 x 107-5 
50, 51, 51, 48, 
47 x 10-5 
42, 57, 49, 45, 
51 X 107-5 
42, 42, 47, 46, 43, 
42 x 10-5 
49, 44, 53 x 10-5 
Untreated zinc............. 54, 53, 51 X 1075 


yellow-electrolytic and the clear-dip 
treatments. 

The average thickness of the iri- 
descent-1 treated panels is slightly lower, 
and that of the untreated zinc somewhat 
higher than nominal. 

A résumé of the average thickness 
readings for several panels of each treat- 
ment is shown in Table I. Thickness 
measurements were made with a Magne- 
Gage at several points over the entire 
panel surface to within } in. from the 
edges. 

The supplementary chromate treat- 
ments were applied immediately after 
plating, in accordance with the instruc- 
tions in the manufacturer’s bulletins. 


The actual application of each treatment 
was supervised by a representative of the 
manufacturer. The finished and properly 
rinsed panels were dried quickly with a 
blast of cold filtered air and were stored 
in a relatively clean office atmosphere 
for 24 hr. They were then placed in 
polyethylene bags and stored until ready 
for test. For purposes of comparison, 
unchromated zinc panels were included 
in these tests. The panels were kept in 
storage in the polyethylene bags for 
about 10 to 11 months before any testing 
was begun. 


Exposure Tests: 


The variously treated and untreated 
zinc-plated panels, in triplicate, were 
exposed to the following tests: 

Atmospheric Exposures.—Sets of test 
specimens were exposed to the following 
atmospheric environments: 

New York, N.Y.—An industrial at- 
mosphere with some saline contami- 
nation located on the roof of the 
Bell Telephone Laboratories. 

Kure Beach, N. C——A marine loca- 
tion, about 800 ft from the beach 
line. 

These were bold exposures, with the 
panels inclined 30 deg from the hori- 
zontal, facing south. 

Sheltered Exposures—One set was 
placed in an almost upright position in 
an unheated building at the Kure Beach 
location. This was intended to represent 
exposure to an unheated warehouse at- 
mosphere. Another set was stored within 
a closed wooden packing box and placed 
in the same building with the view of 
checking the effect of this type of expo- 


Accelerated Tests: 


The exposures described above were 
designed to yield information on typical 
service behavior. Treated panels were 


al 
at 
i 


also subjected to the following acceler- 
ated testing procedures: 


Salt Spray 

High Humidity with cycling temperature 

Total Immersion—continuous (in running 
tap water) 

Total Immersion—static (in aerated 
distilled water) 

Hexavalent Chromium Ion Analysis 

Various Spot Tests 


A description of these tests follows: 

Salt Spray Test—This test was con- 
ducted in accordance with ASTM 
Method B 117-49 T? employing a 20 
per cent salt solution. The chromated 
panels were scored with two diagonal 
scratches in an attempt to evaluate the 
inhibiting properties of these treatments. 

Humidity Test——This test consists of 
exposure to a relative humidity of 90 per 
cent or more while the temperature is 
being cycled between 80 and 120 F twice 
daily. The specimens are wet with con- 
densed atmospheric moisture during a 
considerable part of the rise-in-tempera- 
ture period. The panels in this test were 
also scored as above. 

Total Immersion—Continuous.—This 
test consisted in immersing the panels in 
running tap water for one week. The 
water temperature was about 62 F. 

Total Immersion—Static—One set of 
test panels was immersed for one week in 
continually aerated distilled water main- 
tained at 100 F. The water was changed 
once after the first few hours on the as- 
sumption that most of the soluble 
chromate had been leached out. For the 
remainder of the time, the same water 
was used. 

Hexavalent Chromium Ion Analysis— 
In this test the amount of soluble Cr** 
was determined quantitatively by a 


2 Tentative Method of Salt Spray (Fog) 
Testing (B117-49T), 1949 Book of ASTM 


Standards, Part 2, p. 786. 
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standard diphenylcarbazide comparative 
test method. 

Spot Tesis—Several spot, tests were 
investigated. This testing procedure is 
based on the dissolving action of the 
testing solution on the film. A color 
change denotes the end point. In per- 
forming this test, a drop of a test solu- 
tion is applied to the coated surface. 
With certain solutions the drop is al- 
lowed to remain for a fixed time after 
which any color change is noted. With 
others, a change in color is taken as a 
criterion of film quality. Three solutions 
were tested: 

SoLution A.—A mixture of 0.75 g 
basic copper carbonate (green) and 120 
g ammonium chloride per liter, adjusted 
to a pH of 5.8. A drop of solution is 
allowed to remain on the surface for 30 
sec. The appearance of a black or dark 
gray spot is indicative of an inadequate 
chromate film. This test is usually 
employed. to establish the presence or 
absence of a coating and does not nec- 
essarily differentiate between films of var- 
ying qualities. 

Sotution B.—This proprietary solu- 
tion consists of two separate chemicals 
which are mixed in equal volumes just 
prior to use. The color of the drop will 
change from a light amber to blue-green. 
The time required for this color to de- 
velop varies with the thickness of coating 
and with its quality. 

SoLtution C.—This is 3 per cent so- 
dium chloride solution containing a dye 
(bromphenol blue) which changes color 
as the result of changes in pH due to 
zinc corrosion. The pH of the solution is 
adjusted to the exact color change-over 
point (just yellow). The time to color 
change of the drop is recorded. i 


Test RESULTS 


The results from these various expo- 


posures and accelerated tests are as 
follows: 


| i 
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Ovutpoor ExposuRE-—-NEw York, N. Y. 


Per Cent Red Rust*-? 

7 |s 

EL 

8 
Clear electrolytic......... 5 | 15 | 65 | 100 
Yellow electrolytic........ 5 | 70 | 88 | 100 
See 10 | 80 | 96 | 100 
Clear—plain dip.......... 8 | 35 | 67 | 100 
Ee 10 | 70 | 77 | 100 
5 | 30 | 30 | 100 
Untreated zinc........... 8 | 35 | 42 | 100 


* These values are averages of 3 panels for 
the surfaces facing skyward. The groundward 
surfaces had about 10 per cent red rust at the 
conclusion of the test after 36 months. 

No white corrosion developed during this 
outdoor exposure. 


OutTpoor ExposuRE—KuRE BEACH 
(800-rr sITE), N. C. 


= Per Cent White Corrosion* 

Coating 21 months 

w 46 months* 
ela 

Clear electrolytic. .| 80 | 25 

Yellow electrolytic) 50 | 8 

Olive drab....... 60 | 10 

Clear—plain dip..| 15 | 15 |}>50 | light 

Iridescent-1....... 40 6 film, 

Iridescent-2.......| 65 7 no 

Untreated zinc... .| 85 | 65 rust 


* These values are averages of 3 panels. 

* No significant difference in white corrosion 
products on either treated or untreated zinc on 
skyward side. Light amount of rusting on some 
panels beginning to appear. On groundward 
side slight protection against white corrosion by 
treatments noticeable, but not significantly 
different. 

¢ Appearance about same after 58 months 
exposure. 


SHELTERED EXPOSURE—KURE BEACH 
(800-rT sITE), N. C. 


Exposed 21 Months.—No white corrosion 


products. Some fading of treatment colors, 
probably due to dust and moisture accumu- 
lation. 

Exposed 34 Months—No significant in- 
crease in corrosion. No clear cut indication 
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of superiority of one treatment over any 
other from the standpoint of preventing 
white corrosion. Untreated zinc appeared 
to be least corroded. 

Exposed 46 and 58 Months—Changes 
from previous inspections very slight. 


PACKAGED EXPOSURE IN SHELTERED AREA 
AT Kure BEACH 


Exposed 21 Months—Less than 1 per 
cent of total area of any one panel corroded 
in the form of small white spots. No signifi- 
cant difference among treated and untreated 
zinc. 

Exposed 34 Months—All panels show 
minor amount of white corrosion spots, some 
with definite red rust centers. There is no 
significant difference among any treated and 
untreated zinc. 

Exposed 46 Months——Deterioration of all 
specimens slightly more advanced, but still 
no noticeable difference among treatments. 

Exposed 58 Months—Changes from 


previous inspection very slight. 


Satt Spray TEST PER ASTM SPECIFICATION 
B 117-49 T 


Observations were made after 24 hr and 
again after 96 hrexposure. 


Exposed 24 Hours: 


Clear-Electrolytic Treatment showed few 
white corrosion spots in scratches. The 
remaining specimens were satisfactory 
(scattered black spots). 

Yellow-Electrolytic Treatment satisfactory 
(slight color fading). 

Olive Drab Treatment showed few white 
corrosion spots in scratches and a few 
scattered on rest of area. 

Clear Dip Treatment showed few white 
corrosion spots in scratches and on rest of 
area. 

Tridescent-1 Treatment showed very few 
small white corrosion spots in scratches; 
scattered white corrosion spots on rest of 
area. 

Tridescent-2 Treatment showed few small 
white corrosion spots in scratches; remainder 
satisfactory. 

Untreated Zinc resulted in 100 per cent 
white corrosion; no rust. 


- 
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ExPosuRE TESTS OF 


Exposed 96 hr: 
Treatment P ee Red Rust 
Clear electrolytic. . . 95 very 
slight 
Yellow electrolytic. 15 none 
Olive drab......... <5 (mostly | none 
in scratch) 
50 none 
Iridescent-1........ 15 none 
Tridescent-2........ <10 none 
Untreated zinc. .... 100 some 


Treatments which showed a small amount 
of white corrosion, namely yellow-electro- 
lytic, olive drab, iridescent-1, and iridescent- 
2, offered considerable protection in the 
scratch areas. 


Humipity Test 


Exposed 20 Months.—Very little white 
corrosion in form of small spots on any of 
the treated specimens. Even the untreated 
zinc is practically uncorroded. The test was 
discontinued. 


HEXAVALENT CHromMIuM Ion ANALYSIS 


Cré, 
Treatments 
Clear electrolytic............... 2.3 
Yellow electrolytic.............. 100 
56 
Spot TEsts 
Solution A: 


All treatments showed presence of film. 


Solution B: 


to 
Treatments Color, Two De- 
terminations 
Clear electrolytic............... 2,1.5 
Yellow electrolytic............. 2,1 
8,5 
Untreated sinc................. 0.285. 
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Solution C: 


In this test color began to change at outer 
edge of the drop and the time given is for 
complete change. 


Time, min, for 
Determinations 
ree 
Clear electrolytic............... 2.0, 6.5 
Yellow electrolytic............. 5.5, 8.75 
ee 10.0, 13.0 
>10, 8.5 


IMMERSION 
Continuous Immersion: 
Duration of Test—One week. 


Observations —Corrosion very light and 
differences very small; test inconclusive. 


Static Immersion: 


Duration of Test.—One week. 
Observation—Very little corrosion and 
very small differences; test inconclusive. 


DISCUSSION AND CONCLUSIONS 


The results from these tests clearly 
show that the intent which prompted 
this investigation was not realized. Cor- 
relation between service performance and 
accelerated tests could not be established. 
Most accelerated tests yielded inconclu- 
sive results. Only the salt spray test and 
a spot test (solution B) indicated some 
performance difference, as did the hexa- 
valent chromium ion test. However, the 
data obtained from the various service- 
type exposures failed to reveal any sig- 
nificant difference among the six treat- 
ments. 

An unexpected behavior was that of 
untreated zinc. Its performance was 
equal and in some cases superior to that 
of treated zinc. This was particularly 
noticeable in the humidity and packag- 
ing tests, where untreated zinc normally 
fails by white corrosion considerably 
sooner than does chromate treated zinc. 
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The fact that all specimens used in this 
investigation had been stored for a long 
period (10 months) in polyethylene bags 
may be the basis for a possible explana- 
tion of these unexpected behaviors. The 
untreated zinc coatings developed a light 
gray coating during the storage period in 
the polyethylene bags. It is possible that 
this may have been caused by moisture 
entrapped in the polyethylene. Failure 
of the untreated zinc to develop white 
corrosion in the humidity test may be 
due to this incipient corrosion film which 
acted as a barrier to further attack. It is 
well known that a freshly prepared zinc 
coating will white-corrode within one to 
two cycles in this humidity test. No del- 
eterious effect was noted on the panels 
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Other factors which may have contrib- 
uted to producing these inconclusive re- 
sults are: the storage period between 
preparation and testing was excessive; 
the sheltered area used was not truly 
representative of severe storage condi- 
tions; the storage box was made of a 
well-seasoned wood that is normally not 
used for this purpose. It is recommended 
that these factors be carefully considered 
in any further evaluations of this kind. 


Respectfully submitted on behalf of 
the subcommittee, 
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REPORT OF COMMITTEE B-9 


METAL POWDERS AND METAL POWDER PRODUCTS* 


Committee B-9 on Metal Powders and 
Metal Powder Products held one meeting 
during the year: in St. Louis, Mo., on 
Feb. 27, 1961. 


New TENTATIVES 


The committee recommends for publi- 
cation as tentative the following methods 
and specification as appended hereto:! 


Tentative Method of Test for: 


Density of Sintered Metal Friction Materials, 
and 

Determination of Transverse Rupture Strength 
of Sintered Metal Friction Materials. 


Tentative Specifications for: 
Steel-Backed Metal Powder Bearing and Bush- 
ing Alloys. 
REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as_ tentative: 


Tentative Specifications for Copper- 
Infiltrated Sintered Metal Powder 
Structural Parts (B 303 - 58 T):? 


Title—Change the title to read 
“Specifications for Copper-Infiltrated 
Sintered Carbon Steel Structural Parts.” 

Table I—Delete the chemical require- 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 

1The new tentative methods appear in the 
1961 Book of ASTM Standards, Part 3, and the 
new tentative specification appears in the 1961 
Book of ASTM Standards, Part 2. 

21958 Book of ASTM Standards, Parts 1 
and 2. 


ments for silicon and aluminum, replac- 
ing these with: “Acid insolubles, max, 
per cent .... 0.5.” 

Change the values of Combined carbon 
(on basis of iron only), per cent, for 
Class B to read: “0.26 to 0.60” and for 
Class C to read: “0.61 to 1.00.” 

Section 5—Delete Paragraphs (d) and 
(e) pertaining to the method for density 
determination, since this test method is 
covered by Method B 328. 


Tentative Method of Test for Compressi- 
bility of Metal Powders (B 331 - 58 T):* 


Section 4(b).—Add the following note 
at the end of this paragraph: 
Norte.—If the powder is to be used in the 
production of high-density parts, a suitable 
pressure up to 120,000 psi may be used. 
ADOPTION OF TENTATIVE AS STANDARD 
WitTHovuT REVISION 


The committee recommends that the 
Tentative Method of Test for Apparent 
Density of Refractory Metals and 
Compounds by the Scott Volumeter 
(B 329-58 T)® be approved for refer- 
ence to letter ballot of the Society for 
adoption as standard without revision. 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards and accord- 


$1958 Book of ASTM Standards, Part 3. 
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ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be 
referred to letter ballot of the Society: 


Standard Specifications for Iron Copper 
Sintered Metal Powder Structural 
Parts (B 222 - 58):? 


Section 4—Delete the chemical re- 
quirements for silicon and aluminum, 
replacing these with: “Acid insolubles, 
max, per cent .... 0.5.” Change the re- 
quirement for Total other elements de- 
termined by difference, max, per cent, 
from “2.5” to “1.5.” 

Section 5.—Delete Paragraphs (d) and 
(e) pertaining to the method for obtain- 
ing density, since it is covered in Method 
B 328. 


Standard Definitions of Terms Used in 
Powder Metallurgy (B 243 — 58):* 


New Definition—Add the following 
new definition: 


Sinterings.—A product made by sintering 
metal powders. Synonymous with Powder 
Metallurgy Parts, and Sintered Metal Powder 
Parts. 


Standard Specifications for Bronze Sin- 
tered Metal Powder Structural Parts 
(B 255 60):* 


Section 5(a)—Change “Class A” to 
read “Type I” and change the density 
tolerance to read “6.40 to 6.80.” Change 
“Class B” to read “Type II” with a 
density tolerance of “6.81 to 7.20.” 

Delete Paragraphs (d) and (e) per- 
taining to the method of obtaining 
density, since it is covered in Methods 
B 328. 


STANDARDS CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 


#1958 Book of ASTM Standards, Part 2. 
5 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


tinuation without revision of the follow- 
ing standards: 


Standard Methods of Test for: 
Apparent Density of Metal Powders (B 212- 


Flow Rate of Metal Powders (B 213 - 48), and 
Density and Interconnected Porosity of Sintered 
Powder Metal Structural Parts and Oil- 
Impregnated Bearings (B 328 — 60). 
TENTATIVES CONTINUED 
WITHOUT REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 


Tentative Methods of Test for: 

Green Strength of Compacted Metal Powder 
Specimens (B 312 —- 58 T), and 

Average Particle Size of Refractory Metals and 
Compounds by Fisher Subsieve Sizer (B 330 - 
58 T). 


Tentative Specification for: 


Metal Powder Sintered Bearings (Oil Im- 
pregnated) (B 202 - 60 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 


ADVISORY COMMITTEE ACTIVITIES 


The Advisory Committee held two 
meetings during the year. Committee 
personnel changes were reviewed and 
approved. Roland P. Koehring, Chair- 
man of Section III, a Charter Member 
of Committee B-9, and extremely active 
in the work of the committee, resigned 
from Committee B-9 and from the Chair- 
manship of Section III. His coming re- 
tirement from business precipitated his 
resignation. H. R. Biehl was appointed 
as the new Chairman of Section III. 
He will continue as Vice-Chairman of 
Committee B-9. J. I. Farmer was ap- 
pointed Chairman of Subcommittee 
III, Section A, on Bearings to replace 
M. H. Meighan who resigned. The 
activities of the subcommittees wer 
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reviewed, and topics for extending the 
work of several committees were studied. 


ACTIVITIES OF SUBCOMMITTEES 


The seven active subcommittees and 
sections met twice during the year: in 
ASTM Headquarters, on Oct. 17 and 
18, 1960, and prior to the main com- 
mittee meeting in St. Louis, Mo. on 
Feb. 27 and 28, 1961. Subcommittee 
III, Section D on Friction Materials met 
an additional time on May 17, 1960, in 
Cleveland, Ohio. 

Subcommitiee I on Nomenclature and 
Technical Data (F. N. Rhines, chairman) 
obtained approval of the term “Sinter- 
ings” to be added to the glossary of 
terms used in powder metallurgy, thus 
ending 17 years of effort to adopt a term 
describing the subject product of Com- 
mittee B-9. A paper written by E. 
Geijer, entitled “Effect of Different 
Furnaces and Sintering Practices on the 
Strength of Sintered Iron Powder” was 
accepted for publication by ASTM 
in Materials Research & Standards. 
Frank Emley, heading a task group, is 
investigating the need for revision of the 
standard flat tension test bar. P. V. 
Schneider is conducting a survey of the 
need for a standard impact bar and test- 
ing procedure for sinterings. It is felt 
that such a test will become increasingly 
important as sinterings of high density 
become more common. 

Subcommitiee II on Metal Powders 
(J. B. Haertlein, chairman): 

Section A on Base Metal Powders 
(J. B. Haertlein, chairman).—S. L. 
Forss conducted a cooperative test pro- 
gram on the compressibility of metal 
powders at high densities, and found 
excellent agreement could be obtained 
using the procedures of Method B 331. 
As a result a note was added to Method 
B 331 as referred to earlier in this report. 
The data and report on the effect of 
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copper-tin mix has not been published 
as yet because of the expense of the 
desired colored photomicrographs. In- 
terest in a test method for sieve analysis 
and for apparent density of nonfree- 
flowing metal powders has reached the 
discussion stage. The committee recom- 
mended the continuation of Methods 
B 212 and B 213 as standard without 
change and Method B 312 as a tentative 
without change as reported earlier in this 
report. 

Section B on Refractory Metal Powders 
(W. H. Bleecker, chairman) reports that 
results of an interlaboratory test on 
turbidimetric analysis indicated a much 
closer agreement than previously ex- 
perienced because the method of de- 
agglomerating the powder prior to 
analysis was specified in detail. The data 
are being distributed so that a narrowing 
of methods and medium for de-agglom- 
erating can be performed for another 
interlaboratory test. Unsuccessful at- 
tempts were made to prepare permanent 
slides for an interlaboratory test on 
microscopic count procedure. As a result 
of the October meeting, a report was 
written summarizing the work to date so 
that further course of action could be 
decided. The committee recommended 
the microscopic count method of test be 
considered unsatisfactory, as a possible 
standard for refractory metal powders, 
and that a footnote be added to Recom- 
mended Practice E 20 to the effect that 
this practice is not recommended as a 
standard for refractory metal powders 
by Subcommittee II-B of Committee 
B-9. The committee recommended the 
adoption as standard of Method B 329 
and the continuation of Method B 330 
as tentative as reported earlier in this 
report. 

Subcommitiee III on Metal Powder 
Products (R. P. Koehring, chairman): 

Section A on Bearings (J. I. Farmer, 
chairman) submitted to ASTM for 
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publication the pape~ correlating machin- 
ability and microstructure of sintered 
copper-tin bronze. The committee rec- 
ommended the proposed Tentative 
Specifications for Steel-Backed Metal 
Powder Bearing and Bushing Alloys 
referred to earlier in this report as well 
as the continuation of Method B 202 as 
tentative and Method B 328 as standard. 
A new task force has been organized to 
prepare specifications for a copper-tin 
steel backed bearing impregnated with 
approximately 50 per cent lead. 

Section B on Structural Parts (P. J. 
Shipe, chairman) took action to include 
in Specifications B 310 a sintered steel, 
having a density above 6.5 g per cu cm. 
A letter ballot proved the results were 
not acceptable and resulted in changes 
that will be ballotted upon in the com- 
mittee. A task force is preparing a 
specification of iron-copper carbon sin- 
tered alloys. A task force studying 
chemical tolerances of insolubles in 
Specification B 282 reported that the 
limits are satisfactory. The committee 
recommended revisions of Specifications 
B 222, B 303, and B 255 as indicated 
earlier in this report. The committee is 
considering the inclusion of impact and 
fatigue strength data in the appendix 
of specifications. 

Section C on Cemented Carbides (O. W. 
Reen, chairman) voted by letter ballot 
upon the following procedures prepared 
by the Cemented Carbide Producers 
Association: 


1. Tentative Procedure for the Determina- 
tion of Transverse Rupture Strength of 
Cemented Carbides, 

2. Tentative Procedure for the Determina- 
tion of Compressive Strength of Cemented 
Carbides, 

3. Tentative Procedure for the Determina- 
tion of Poisson’s Ration of Cemented 
Carbides, 

4. Tentative Procedure for the Determina- 

tion of Young’s Modulus of Cemented 

Carbides, 


5. Tentative Procedure for the Determina- 
tion of Electrical Resistivity of Cemented 
Tungsten Carbides, and 

6. Tentative Procedure for the Determina- 
tion of Linear Thermal Expansion of 
Cemented Carbides. 


The Procedure for Determining the 
Transverse Rupture Strength of Ce- 
mented Carbides was adopted by letter 
ballot within the committee without 
revision. The balance of the procedures 
were not adopted because of the repeti- 
tion of current ASTM procedures in the 
text. Mr. John Redmond was appointed 
to revise the procedures in such a form 
that they could be incorporated into 
existing ASTM standard test pro- 
cedures now under the jurisdiction of 
Committees E-1 on Methods of Testing, 
and B-4 on Metallic Materials for 
Thermostats, and for Electrical Re- 
sistance, Heating, and Contacts. The 
procedures have been forwarded to Com- 
mittees E-1 and B-4 for their considera- 
tion. The efforts of the Cemented Car- 
bide Producers Association to obtain 
standard cemented carbide hardness 
test blocks was reviewed by the com- 
mittee. Their work, incomplete at this 
time, is considered essential in the 
reevaluation of the Recommended 
Practice for Hardness Testing of Ce- 
mented Carbides (B 294). 

Section D on Friction Materials (H. B. 
Huntress, chairman) drafted the pro- 
posed Tentative Method of Test for 
Density of Sintered Metal Friction 
Materials, and the Tentative Method of 
Test for Determination of Transverse 
Rupture Strength of Sintered Metal 
Friction Materials, referred to earlier 
in this report. The committee is con- 
sidering the interest shown in the thermal 
properties of sintered friction materials, 
and is of the opinion that ASTM 
already has adequate methods for the 
determination of specific heat. The 
committee is suggesting there is good 
correlation between electrical and ther- 
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mal conductivity in sintered friction 
materials. Numerous cooperative test 
programs in the field of testing wet fric- 
tion has been carried out. Significant 
disagreement in results has led to a study 
of exact procedures. A fixture for friction 
testing has been designed and it has been 
suggested that members of the com- 
mittee use this specific design. The cost of 
this fixture is preventing its adoption. 
The dry friction testing program is con- 
tinuing to use the Chase machine as a 
preliminary cooperative testing medium. 
The results of the first interlaboratory 
tests were revealing and it was decided to 
run cooperative dynamometer tests for 
comparison with the results from the 
Chase test. The committee feels that 
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friction evaluation is much more qualita- 
tive than it is quantitative and therefore 
cannot predict if it will be possible to 
draft a test specification. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 79 members; 59 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
J. L. BoNANNO, 


Chairman. 
C. G. JoHNson, 
Secretary. 
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REPORT OF THE JOINT ASTM-ASME COMMITTEE 
ON 
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of 
_ EFFECT OF TEMPERATURE ON THE PROPERTIES OF METALS* 


Meetings: 

Meetings of the ASTM-ASME Joint 
Committee on Effect of Temperature on 
the Properties of Metals, its panels and 
subcommittees were held during the past 
year in connection with the annual 
meetings of ASTM in Atlantic City, 
N. J., June 29, 1960, and The American 
Society of Mechanical Engineers in New 
York City, Nov. 30, 1960. The Panel on 
Structural Materials for Airframes and 
Missiles held a meeting in Los Angeles 
on Nov. 14, 1960. 


Technical Sessions, Papers, and Publi- 
cations: 


A three-session symposium of 13 pa- 
pers on Low-Temperature Properties of 
High-Strength Aircraft and Missile Ma- 
terials was sponsored by the committee 
and presented on June 30, 1960, at 
Atlantic City, N. J., during the Annual 
Meeting of the Society. The symposium, 
organized by J. F. Watson of Convair- 
Astronautics, has been issued as a sepa- 
rate technical publication ASTM STP 
No. 287. 

Two sessions of 12 papers dealing with 
high-temperature testing and data were 
also held during the Annual Meeting. 

An open panel discussion on “State of 
the Art in Design Applications of Low- 
Cycle Fatigue Data” was held by the 
Applied Research Panel at Atlantic 
City, N. J., on June 28, 1960. The panel 
consisted of L. F. Coffin, Jr., M. J. 
Manjoine, S. S. Manson, and W. Sarvent, 


* Presented at the Sixty-fourth Annual Meet- 
ing of the Society, June 25-30, 1961. 

1 These papers have been published in Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 60 (1960). 
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who gave short presentations on various 
aspects of the subject. 

A data compilation sponsored by the 
Joint Committee through the Data and 
Publications Panel, and compiled by J. 
W. Freeman and H. R. Voorhees of the 
University of Michigan, was published 
by ASTM early this year under the title 
“Elevated Temperature Properties of 
Aluminum and Magnesium Alloys” 


(ASTM STP No. 291). htm 
Membership: 


Mr. James Harlow, Philadelphia Elec- 
tric Co., was elected to membership on 
the committee. 

The resignation of Mr. A. W. Rankin, 
General Electric Co., was received during 
the year. 

The committee records with sorrow 
the death of Charles T. Evans, Jr., who 
organized the Gas Turbine Panel and 
served as its chairman for several years. 
He was a member of the Technical Ad- 
visory Committee and served on the 
Executive Committee as a Member-at- 
Large. ~ 


« 4 = 
Officers: 


At the meeting of June 29, 1960, the 
following officers were elected for the 
term expiring June, 1962: 

Chairman, J. J. Kanter, Crane Co. 

First Vice-Chairman, R. A. Baker, 
Public Service Gas and Electric Co., 
N. J. 
Second Vice-Chairnian, G. V. Smith, 
Cornell University. 

Secretary, H. C. Cross, Battelle Me- 
morial Institute. 
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TABLE I.—STATUS OF FUNDS IN THE ACCOUNT OF THE ASTM-ASME JOINT 
COMMITTEE ON EFFECT OF TEMPERATURE ON THE PROPERTIES OF 
METALS AS OF JANUARY 31, 1961. 


Receipts, January 31, 1960 through January 31, 20, 568.04 
Disbursements January 31, 1960 through January 31, 1961.................0.0000e 41,252.63 
Disbursement by Projects: 
Contract Term Contract Price Paid Balance 
Steam Power Panel:* mete 
SP-5, Use of Austenitic Alloy Steels in 


to $47,500. 00 $27, 207. 93° "$20, 292. 07 
Dec. 31, 1961 
SP-6, Use of Austenitic Stainless Steels 
in Superheater Tubes (University of 


Feb. 1, 1959 
to 60,000.00 38,369.41 21,630.59 
Dec. 31, 1961 
Data and Publication Panel: 
DP-10, Physical Properties of Metals 
(Battelle Memorial Institute) ...... Through 


Dec. 1, 1960 9,000.00 9,000.00 
DP-11, -13, Punch Card Tabulation of ‘Neal 
Data (Battelle Memorial Institute). Dec. 19,1956 _ ‘ 


to 4,500.00 3,707.06 792.94 
Jan. 31, 
DP-14, Evaluation of Data for the my 
Boiler and Pressure Vessel Code 
3,500.00 731.02 2,768.98 
= Aug. 31, 1961 
Estimated uncommitted balance, Jan. 31, 1961. .... $19,943.05 


@ It should be noted that contributions specifically in support of Projects SP-5 and SP-6 are an- 
ticipated but have not yet been received and so are not included in the above financial statement. 


Members of Executive Committee: had, as of November 30, 1960, resulted 
A. W. Rankin, General Electric Co., and __ in total receipts of $125,440, with pledges 
R. C. Fitzgerald, Baltimore Electric Co. of $41,500 yet to be received. The 
Finance Subcommittee reported excellent 
prospects of additional contributions of 

The status of funds in the committee’s $45,000. The original goal is more than 
account as of December 31, 1960, is realized, and the promise of considerable 
given in Table I. additional support is a valid endorsement 
of confidence in the Joint Committee’s 
importance and responsibilities to its 
sponsor societies. 

Finance Subcommittee (N. L. Mochel, Panel on Structural Materials for Air- 
chairman): frames and Missiles (J. J. Heger, chair- 
The campaign, initiated in June, 1959, man: 

with the objective of raising $150,000 Meetings of this panel were held in 


Finances: 


ACTIVITIES OF PANELS AND PROJECT 
SUBCOMMITTEES 
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June at Atlantic City, N. J., and in 
November at Los Angeles, Calif. The 
program and activities of the panel are 
organized as follows: 

Task Group AM-3, Compression Prop- 
erlies of Sheet Materials——This group, 
under H. C. Turner of Convair, has or- 
ganized a symposium on Compression 
Properties of Sheet Materials to be 
presented at the 1961 Annual Meeting 
of ASTM at Atlantic City, N. J. The 
Test Methods Panel is cooperating with 
this group on the development of a 
recommended practice for determining 
compression properties of sheet mate- 
rials at elevated temperatures and at 
conventional strain rates. 

Task Group AM-4, Refractory Metals. 
—This task group, headed by Mr. S. E. 
Bramer, Culver City, Calif., conducted 
a survey on the problems pertaining to 
refractory metals. On the basis of this 
survey, the task group submitted to the 
Panel a recommended practice for re- 
porting data on refractory metals. Revi- 
sions suggested by panel members were 
evaluated by the task group and a second 
draft will be circulated to the panel for 
approval by letter ballot. If approved, 
this recommended practice will be sub- 
mitted to the Joint Committee for ap- 
proval. If accepted, the task group plans 
to conduct a literature survey to deter- 
mine the availability of data that meet 
the requirements of the recommended 
practice. The panel will then determine 
methods by which additional data, if 
shown to be needed by the literature 
survey, can be obtained. 

The Task Group is encouraging work 
on the promulgation of ASTM standards 
for determining the inherent quality of 
refractory metal sheet products by ultra- 
sonic techniques. 

Task Group AM-5, Low-Temperature 
Properties of High-Strength Materials for 
Airframes and Missiles—Under the 
chairmanship of J. F. Watson of Con- 
vair, San Diego, this task group or- 


ganized a symposium of 12 papers on 
this subject as referred to earlier in the 
report. 

Nonmetallic Materials—Representa- 
tives of the panel are inquiring of other 
technical societies (for example, SAMPE) 
active in nonmetallic materials concern- 
ing problems in data dissemination and 
test methods in which the panel can be of 
assistance. 

Problems Dealing with the Mach-3 
Transport.—Morris Tiktinsky was ap- 
pointed chairman of a task group to 
survey the problems dealing with struc- 
tural materials for the Mach-3 transport. 
A report of this survey will be presented 
at the June, 1961, meeting of the panel. 
Harold Hessing of NASA discussed some 
of the materials problems of a Mach-3 
Transport at the Joint Committee meet- 
ing on Nov. 30, 1960. 


Data and Publications Panel (George V. 
Smith, chairman): 


This panel met on June 27 and again 
on Nov. 29, 1960, and the status of its 
activities is summarized as follows: 

Project DP-9, Survey of Aluminum and 
Magnesium Alloys—This survey was 
completed and published under the 
title, ‘““Elevated-Temperature Properties 
of Aluminum and Magnesium Alloys,” 
ASTM STP 291. This volume contains 
314 pages of tabular and graphical data. 

Project DP-10, Effect of Temperature 
on Selected Physical Properties of Metals. 
—This project, under contract with 
Battelle Memorial Institute, was com- 
pleted and the results published as ASTM 
STP No. 296 under the title “Physical 
Properties of Metals and Alloys from 
Cryogenic to Elevated Temperatures.” 
The data, presented in tabular and graph- 
ical form, cover the following metals and 
their alloys: aluminum, cobalt, iron, 
magnesium, molybdenum, and _ nickel; 
references are made to other pertinent 
compilations. 

Project DP-13, Continuing Data Sur- 
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vey and Punched Card Tabulation of 
Data.—The first phase of this program, 
which is designed to furnish, on punched 
cards, high-temperature strength data 
for metals and alloys was completed 
with the announcement by ASTM that 
punched cards were available for pur- 
chase. The cards are packaged and sold 
in sets of the following categories: 

Group I.—Light Alloys. 

Group II.—Iron and Steel, and AISI 
Stainless. 

Group III.—Superalloys, Refractory 
Alloys. 

The initial distribution consists of 25 
cards in each of Groups II and ITI, plus 
a Miscellaneous Group that cuts across 
all three categories. Subsequent sales 
will be confined to the three mentioned 
groups only. The panel is continuing its 
solicitation of data from testing labora- 
tories and will subsequently issue cards 
confined to the three groups only. 

Project DP-14, Evaluation of Data for 
the Boiler and Pressure Vessel Code Com- 
millee-—This project was established as 
a result of a request for data evaluation 
from the Subgroup on Metals Engineer- 
ing of the ASME Boiler and Pressure 
Vessel Committee’s subcommittee on 
Ferrous Materials and High-Tempera- 
ture Alloys. This subgroup is charged 
with the responsibility of evaluating 
materials as to their suitability for use, 
and with establishing working stresses. 
The Data and Publications Panel was 
requested to screen existing data and 
data that will be compiled under Project 
DP-13, to establish whether they fall 
within the variance limits of appropriate 
specifications and, if so, to present the 
data in desirable form for ready evalua- 
tion by the Subgroup on Metals Engi- 
neering. The Joint Committee appro- 
priated $3500 to defray the costs of this 
work during the first 6 months at Battelle 
Memorial Institute, where the work on 
Project DP-13 is centered. 
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Available data for stainless steel types 
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316 and 321 have been evaluated and 
submitted to Battelle. Data on types 
304L and 316L, particularly short-time 
data for temperatures up to 1000 F, are 
also expected to become available for 
the analysis. 


Applied Research Panel (W. Lee Wil- 
liams, chairman): 


A meeting of this panel was held on 
June 28, 1960, under the chairmanship 
of A. W. Rankin, of General Electric 
Co., who recently resigned and has been 
replaced in this capacity by W. L. Wil- 
liams, U. S. Naval Engineering Experi- 
mental station. 

Inquiries were sent to several labora- 
tories asking for proposals on investiga- 
tions on “The Effect of Surface Imper- 
fections on Thermal Fatigue.” Only the 
general goal and outline of this project 
had been outlined in the inquiries, leav- 
ing it to the individual laboratories topro- 
pose programs around these goals with 
an estimate of the costs involved. 

A considerable amount of information 
on rupture tests of longer than 25,000 
hr was obtained. Most of these data are 
of European origin and not on American 
compositions. The European laboratories 
conducting these tests will be approached 
again with regard to short-time tests on 
the same alloys which might be used to 
evaluate parameter extrapolations. If 
suitable short-time data are not planned 
by those laboratories, they will be re- 
quested; however, if these laboratories 
are not interested in making such tests, 
they will then be requested to furnish 
material to the panel so that it can make 
the required tests. In the latter case, 
some money will be needed, the amount 
of which is not known. 

Rupture tests of longer than 50,000 hr 
are being planned on the type 304 mate- 
rial available at the Bureau of Standards 
for rupture-test standardization. 

An open panel discussion on the sub- 
ject “State of the Art in Design Applica- 
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tions of Low-Cycle Fatigue Data” was 
held during the 1960 Annual Meeting of 
ASTM. 

The present chairman of this panel, 
W. L. Williams, is reviewing the objec- 
tives and scope of this panel and contem- 
plates recommendations for its reorgani- 
zation to the Technical Advisory Com- 
mittee. 


Gas Turbine Panel (Bruce O. Buckland, 
chairman): 


Meetings of the Gas Turbine Panel 
were held on June 27 and Nov. 28, 1960. 
A task force reported on efforts to 
stimulate more aircraft gas turbine par- 
ticipation, with particular emphasis on 
commercial airline operators. Four of the 
five major airlines have indicated inter- 
est and a follow-up will be made. 

A second task force assigned to seek 
greater participation on the part of the 
industrial gas turbine users will report 
at the next meeting of the panel. 

A third task force reported the results 
of a study of the present state of knowl- 
edge on creep damage appraisal of gas 
turbine components, especially turbine 
blades. This information would be ex- 

tremely useful in attempting to deter- 
mine how much life is left in a turbine 
porte for example, after a period of 
_ service, and whether parts can be rejuve- 
_ nated by suitable heat treatment. On the 
basis of the task force report and the 
vigorous discussion that followed, a new 
task force was named with suitable 
representation from the various types of 
interest in the panel. This task force 
will try to obtain information pertinent 
to the subject and, if appropriate, to 
recommend to the panel a symposium or 
other medium to get the information into 
usable form and to recommend any re- 
search indicated by this work. 
Another problem receiving the atten- 
tion of the panel is that involving ther- 
mal fatigue of critical parts. A task force 
was set up to review the information now 
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available, but more particularly to ap- 
praise what use has been made of the 
considerable quantity of information al- 
ready published in this area. 

Two other problems were brought to 
the attention of the panel, one con- 
cerned with erosion of turbine blades in 
service and the other with repair welding 
of gas turbine components. Appraisal 
committees were selected for each of 
these areas and instructed to determine 
whether a problem exists and whether 
task forces should be set up. 


Low-Temperature Panel (A. L. Tarr, 
chairman): 


Meetings of the panel were held on 
June 27 and Nov. 28, 1960. A symposium 
including 12 papers has been arranged 
for the June ASTM meeting under the 
title “Evaluation of Metallic Materials 
in Design for Low-Temperature Serv- 
ices.’ 

Liaison and coordination is maintained 
with other groups concerned with low- 
temperature effects and data collection. 
The National Bureau of Standards’ 
Monograph 13, “Mechanical Properties 
of Structural Materials at Low Tem- 
peratures,” is now available for purchase 
from the Superintendent of Documents, 
U. S. Government Printing Office, Wash- 
ington 25, D. C. Also, the Cryogenic 
Engineering Laboratory of the National 
Bureau of Standards is now preparing 
for publication a “Compendium on 
Properties of Materials at Low Tempera- 
tures” in three parts: Part I for Fluids, 
Part II for Solids, and Part III to con- 
tain the bibliography of references and 
other miscellaneous information. The 
Cryogenic Data Center, established in 
1958, at the NBS Cryogenic Engineering 
Laboratory is endeavoring to index as 
much of the world’s cryogenic literature 
as possible and store the references for 
easy retrieval by machine storage and 


2 To be published as ASTM STP No. 302. 
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sorting. Attention is called to the 1960 
Cryogenic Engineering Conference which 
is being cosponsored by the University 
of Colorado and the National Bureau of 
Standards and which will be held in 
Boulder, Colo. on Aug. 23, 24, and 25. 
Attention is also directed to the “Air 
Weapons Materials Application Hand- 
book Metals and Alloys,” ARDC TR 
59-66, a voluminous compilation edited 
by G. Sachs, Syracuse University Re- 
search Inst. under sponsorship of the 
Air Research and Development Com- 
mand, United States Air Force. The pur- 
pose of this handbook is to consolidate 
into one volume the latest and most up- 
to-date data on the properties of metals 
and alloys of primary importance for 
the production and design of air weapons. 
Part I of the handbook contains a general 
discussion of the properties which are 
presented in detail for each alloy in Part 
II. Requests for this document should 
be addressed as follows: 


Commander 
Air Research and Development Command 
Washington 25, D. C. 


Attention: Mr. C. W. Kniffin, RDR-2 


Petroleum and Chemical Panel (C. L. 
Clark, chairman): 


This panel held a meeting on Nov. 28, 
1960. Its active projects had been con- 
cluded as reported previously, but dis- 
cussion was opened on future work. The 
most pressing problem appeared to be 
the lack of stress-rupture data in the 
temperature range of 1800 to 2000 F on 
materials suitable for the manufacture 
of ethylene. It was decided to formulate 
a program designed to provide the neces- 
sary information on several selected 
alloys in the 1800 to 2000 F range and 
that the work should be conducted on a 
contract basis. 

Two separate projects are being or- 
ganized as follows: 

1. A testing program to include the 
following: 
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(a) Stress-rupture tests. at 1800, 
1900, and 2000 F for times extending to’ 
10,000 hr; 

(6) Selection of alloys to include: 
cast alloys, types 309, 310, and modifica-. 
tions of 310 containing cobalt, tungsten, 
molybdenum, etc.; wrought, types 309 
and 310, and Incoloy, welded, Hastelloy 
X; and 

(c) Bids to be requested from insti- 
tutions or organizations interested in do- 
ing the work. 

2. A proposal outlining a program 
aimed at determining surface stability 
characteristics of these alloys in the range 
of 1800 to 2000 F. 


Steam Power Panel (Paul Brister, chair- 
man): 


The panel held meetings on June 28 
and Nov. 29, 1960. 

Project SP-5, Use of Austenitic Steels 
in Main Steam Line Service—A prodigi- 
ous effort has been made by the project 
committee, which has held a number of 
meetings and conferences during the 
year. An extended status report on 
Project SP-5 contracted to the Univer- 
sity of Michigan is appended to this 
report.’ The committee is continuing to 
support a high level of activity on Proj- 
ect SP-5 through the year 1961. 

Project SP-6, Use of Austenitic Stain- 
less Steel in Superheater Tubes—The 
work on this project has been directed 
at identifying the factors which affect 
the high-temperature strength properties 
of type 321-H steel. This project, under 
contract at the University of Michigan 
is in its third year and is to be broadened 
to cover more completely types 304, 
316, and 347. The results of this project 
are of considerable importance to the 
support of allowable stresses under the 
ASME Boiler Code and the ASA Code 
for Pressure Piping. An extended status 
report on Project SP-6 is appended to 
this report.‘ 


3 See p. 378. 
4 See p. 382. 
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Project SP-7, Material Evaluation — 
The purpose of this project is to evaluate 
new materials for use at high tempera- 
tures. A survey of present power plants 
operating at 1100 F or higher is being 
made to determine what materials are 
available that would have higher 
strength than those now in commercial 
use. Initial discussions considered pri- 
marily the problems in the boiler, and 
pointed out that tube wastage (external 
loss of metal, corrosion) is a very serious 
problem at high metal temperatures in 
combustion gas streams. Materials pres- 
ently considered for study are: types 
316 Cb, G 19, 17-14 CrMo, 15-15 N, and 
N-155. Information on oxidation and 
corrosion properties as well as creep and 
stress rupture data is to be developed. 

Project SP-8, Effect of Long-Time 
Service on Elevated Temperature Proper- 
ties of Tubes and Pipes——A program has 
been developed to evaluate long-time 
effects as follows: 

1. Obtain for various utilities samples 
for study of materials with at least 10 
yr service, 

2. Implement a test program for 
evaluation of the materials removed from 
service, and 

3. Settle upon means for evaluating 
the information on loss of impact 
strength, as reported in a paper by E. A. 
Sticha titled “Structural Stability of 
Commercial Wrought Austenitic Steels 
for Power Plant Piping to 1450 F.’ 
This will be considered in conjunction 
with other properties to be studied. 

There is considerable concern over 
the significance of the information in 
the Sticha paper, particularly with re- 
gard to the fact that there are many 
factors not covered in the paper that 
need consideration. Project SP-8 will not 
be in a position to make pertinent com- 
ment for some time; the views of indi- 
viduals with information on this subject 
are sought. 


5 Power Magazine (1960). 


— 


Because of the controversial aspect of 
the subject, consideration is being given 
to a session or symposium on the subject 
of effect of time and temperature on the 
properties of tubes and pipes under the 
title “Effect of Long-Time Service on 
Elevated Temperature Properties of 
Tubes and Pipes.” 


Test Methods Panel (J. W. Freeman, 
chairman): 


The panel held meetings June 27 and 
Nov. 29, 1960. Its program may be sum- 
marized as follows: 

An extensive survey has been con- 
ducted among members of Aerospace 
Industries Assn. of their experience with 
the Tentative Recommended Practices 
E 150° and E 151.7 The practices were 
found to be generally satisfactory. Most 
criticism arose from attempts to adapt 
the methods to simulated service testing. 
It does appear that the tolerance of 
specimen dimensions and possibly the 
temperature limits should be considered 
for revision before the practices are 
adopted as standard. 

There was urgent need for recom- 
mended practices covering compression 
testing with high heating rates and com- 
pression, bearing, and shear creep test- 
ing. Drafts will be prepared based on 
the information that will be developed 
on these subjects at symposia at the 
1961 Annual Meeting of ASTM. 

A practice for the determination of 
dynamic and static moduli values is be- 
ing prepared jointly with Subcommittee 
III on Elastic Properties and Definitions 


® Tentative Recommended Practice for Con- 
ducting Creep and Creep-Rupture Tension 
Tests of Metallic Materials Under Conditions 
of Rapid Heating and Short Times (E 150- 
59 T), 1959 Supplement to Book of ASTM 
Standards, Part 3, p. 50. 

7 Tentative Recommended Practice for Ten- 
sion Tests of Metallic Materials at Elevated 
Temperatures with Rapid Heating and Con- 
ventional or Rapid Strain Rates (E 151 — 59 T). 
1959 Supplement to Book of ASTM Standards. 
Part 3, p. 59. 
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on Mechanical Testing of ASTM Com- 
mittee E-1 on Methods of Testing. 
Under a project initiated by the late 


C. T. Evans, Jr., specimens for the 
creep-rupture test specimen bank are in 
the hands of cooperating laboratories 
for a trial test of the material. A paper 
by W. D. Jenkins, W. A. Willard, and 
W. J. Youden of the National Bureau 
of Standards on the original evaluation 
of the material was published in Mate- 
rials Research & Standards, Vol. 1, No. 
2, pp. 104-108, Feb., 1960, under the 
title “A Report on Stress Rupture Tests 
at 1350 F on Type 304 Stainless Steel.” 
A task force on notched-specimen rup- 
ture testing does not consider it advis- 
able to set up an acceptance type testing 
practice or one which is presumed to 
differentiate between a notch-ductile 
and notch-brittle material. Instead, it is 
proposed to set up a type notch-acuity 
specimen (or possibly several types), to 
discuss preparation of notched speci- 
mens, and comment on utilization of 
notched specimen rupture data. Diffi- 
culties have been experienced in agreeing 
on notch measurements. There is a feel- 
ing that it will be desirable to standardize 


® Tentative Recommended Practice for 
Short-Time Elevated Temperature Tension 
Tests of Materials (E 21 —- 58 T), 1958 Book of 
ASTM Standards, Part 3, p. 217. 

® Tentative Recommended Practice for Con- 
ducting Creep and Time-for-Rupture Tension 
Tests of Materials (E 1839-58 T), 1958 Book 
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on a test specimen (or on several speci- 
mens), modifying the recommended 
practice as more information is devel- 
oped. 

Laboratories using Recommended 
Practices E 21° and E 139° are being sur- 
veyed as to the acceptability of the 
methods before proposing that these 
practices be adopted as standard. 

At the request of Aerospace Industries 
Assn., the Panel is studying the need for 
a practice for notch testing to establish 
transition temperature. 


International Conference on Creep and 
Fracture (N. L. Mochel, secretary): 


Under the joint sponsorship of the 
ASME Metals Engineering Division and 
ASTM, an International Conference is 
scheduled to be held at the Hotel Bilt- 
more, New York, N. Y., August, 1963. 

N. L. Mochel, W. E. Leyda, and R. F. 
Miller, representatives for the Joint 
Committee, attended a High-Tempera- 
ture Metals Conference at Diisseldorf in 
June, 1960, and took advantage of this 
occasion as well as subsequent contacts 
in England to obtain agreements and 
understanding in behalf of the 1963 Sym- 
posium. 


Respectfully submitted on behalf of 
the committee, 
J. J. Kanter, 
Chairman. 


Wo 


Howarp C. Cross, 


of Standards, Part 3, p. 224. Secretary. 


Subsequent to the Annual ‘Metin, the Joint Committee on Effect of Temperature 


on the Properties of Metals presented to the Society through the Administrative Com- 
mittee on Standards the following recommendations: 


Revision of Tentative Recommended Practice for: 


Conducting Creep-Rupture Tension Tests of Metallic Materials Under Conditions of a 
Rapid Heating and Short Times (E 150-59 T), and 

Tension Tests of Metallic Materials at Elevated Temperatures with Rapid Heating and 
Conventional or Rapid Strain Rates (E 151-59 T). 


These recommendations were accepted by the Standards Committee on September 12, | 
1961, and the revised tentative recommended practices appear in the 1961 Book of ASTM 


Standards, Part 3. 
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This report summarizes the research 
conducted, the results obtained, and the 
proposed future of the investigation as 
of October, 1960. The general objective 
has been to determine the causes for 
cracking in the base metal adjacent to 
the weld as a result of welding steam 
lines made from type 347 (18-8 + Cb) 
stainless steel. The reports of service ex- 
perience indicated a range in perform- 
ance from freedom from cracking to 
extreme sensitivity to cracking. The 
cracking was often evident during the 
welding operation, although in many 
cases it did not become evident until 
after varying periods of service. 

When the research program was 
started, the Steering Committee for 
Project SP-5 directed that the investiga- 
tion concentrate on the problem of crack- 
ing as a result of welding. After consider- 
ation of initial results, it was further 
directed that the causes for high and low 
hot ductility in hot-ductility testing be 
determined. This was based on the as- 
sumption that there were distinct metal- 
lurgical differences between such mate- 
rials. Furthermore, low ductility after 
heating to relatively low maximum 

temperatures in this test using condi- 
tions simulating heating during welding 
4 was believed to be indicative of suscepti- 

bility to cracking. 


he 


4d 


SUMMARIZED STATUS REPORT 0} ON BASE- wn ETAL CRACKING 
ADJACENT TO WELDS IN TYPE 347 STEAM LINES 


Report oF Project SP-5 or STEAM POWER PANEL, ASTM-ASME Jornt Committee 
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RESEARCH PROGRAM 


The research program was developed 
along the following lines: 

1. Development of a laboratory proce- 
dure for estimating susceptibility to 
cracking as a result of welding. 

2. Research on the reasons for low 
and high ductility between heats in hot- 
ductility testing. The following steps 
were involved: 

(a) A limited study of the influence of 
conditions of hot working and _ heat 
treatment prior to testing. 

(b) A study of the influence of trace 
elements. 

(c) Based on the observation that low 
ductility was associated with the appear- 
ance of a “eutectic-like” microstructure 
not dependent on trace elements, inves- 
tigations were started to establish the 
phases associated with temperature of 
appearance of the “eutectic-like” struc- 
ture. 

(d) The results of (c) led to investiga- 
tion of the influence of carbon and co- 
lumbium content on the phases formed 
and the temperature of appearance of 
the “‘eutectic-like” structure. 


Test RESULTS 


An initial group of specimens taken 
from steam line service was classified in 
accordance with reported service ex- 
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perience by rapidly heating to a maxi- 
mum temperature of 2450 F, cooling to 
2300 F, and quickly breaking the speci- 
mens. Those specimens which had a 
history of cracking had low ductility 
and those free from cracking had high 
ductility. This procedure was based on 
the test developed by Professor Nippes 
at Rensselaer Polytechnic Inst. in which 
a series of specimens are heated under 
simulated welding conditions, and pulled 
apart so as to establish curves of ductility 
versus temperature. In general, those 
materials with low hot ductility showed 
low reduction of area when heated to 
2350 to 2450 F, cooled to 2300 F, and 
broken. 

The study of the causes for the differ- 
ences between specimens of type 347 
stainless steel which influence the results 
of hot-ductility tests gave the following 
results: 

1. Low ductility was always asso- 
ciated with the appearance of a “eutec- 
tic-like” structure in the microstructure. 
This has been verified for specimens from 
RPI type hot-ductility testing machines 
as well as the modified test used at the 
University. 

2. Based on this observation, the re- 
search at the University subsequently 
used the lowest temperature of appear- 
ance of this structure as a sorting test 
for hot-ductility characteristics. Speci- 
mens } by } by 3 in. are placed in a 
furnace at the proper maximum tem- 
perature and held 1 min, air cooled, and 
examined metallographically. This proce- 
dure has the main advantage of simpli- 
fied accurate pyrometry and low cost. 
The holding period of 1 min evolved 
from the observation that prolonging the 
exposure time intensified the differences 
between lots of the steel. The furnace 
used gave heating rates similar to those 
in hot-ductility testing. 

3. Those specimens of type 347 steel 
with low hot ductility were found to 
develop the “eutectic-like” structure 
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after relatively low maximum tempera- 
tures of heating. Those with high duc- 
tility required higher temperatures of 
heating. Incomplete data suggest that 
poor service experience is associated with 
the appearance of the structure at tem- 
peratures below about 2440 to 2450 F. 
The temperature has been found to be 
lower with increasing severity of crack- 
ing. In at least one borderline case, the 
temperature of appearance of the struc- 
ture (and low ductility) was somewhat 
time-dependent. High rates of heating 
gave high ductility. Somewhat lower 
rates resulted in low ductility. The two 
lots of wrought pipe studied intensely 
because they initially indicated low and 
high ductility differed mainly in that 
the temperature of appearance of the 
structure could be reduced to lower tem- 
peratures for the low ductility material 
by slightly reducing the rate of heating. 
These findings suggest the following: 

(a) Cracking can be minimized by 
keeping the heat input during welding 
at a minimum. This is reflected in ex- 
perience that small electrodes with mini- 
mum power reduce cracking. 

(6) In borderline cases, cracking ex- 
perience can be highly dependent on the 
conditions of welding. 

4. The study of the influence of hot 
working and heat treatment indicated 
that unidentified heat-to-heat differ- 
ences were more influential than these 
variables. The relatively small differ- 
ences between the two lots of materials 
combined with the consequent sensitiv- 
ity to test conditions may, however, 
have obscured effects of these variables. 

5. The study of trace elements indi- 
cated that it was not necessary to add 
such elements to develop differences in 
the temperature of appearance of the 
“eutectic-like” structure. 

6. Current incomplete research indi- 
cates that: 

(a) The temperature of appearance of 
the “eutectic-like” structure is reduced 
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by high columbium in relation to the 
carbon content within the type 347 range 
of composition. Low carbon, in itself, 
may also be responsible. 

(6) When the temperature of appear- 
ance of the structure is less than 2440 to 
2450 F, FesCb has been identified in the 
structure. To do so, it has been neces- 
sary to heat to higher temperatures than 
the lowest temperature for its appearance 
to increase the amount of “eutectic-like” 
structure. Except in one cast specimen 
with very poor cracking experience and 
a laboratory heat with high columbium, 
Fe2Cb has not been identified without 
heating to develop the “eutectic-like” 
structure. The results suggest a ternary 
eutectic of austenite, CbC, and Fe2Cb, 
although there are unexplained observa- 
tions which do not fit this theory. 

(c) Incomplete data suggest that serv- 
ice experience may correlate with the 
carbon and columbium content. 

(d) If the carbon:columbium relation 
proves correct, the necessary restrictions 
of these elements would be within prac- 
tical limits. 

7. The correlations of temperature of 
appearance of the “eutectic-like” struc- 
ture and carbon and columbium content 
with reported hot-ductility data have 
not been good. This may be due to a 
reduction in liquation temperature under 
the extremely fast heating rates used, or 
to problems of temperature measure- 
ment. The temperatures required to 
develop “eutectic-like” structure under 
the conditions of the test used at the 
University have been verified independ- 
ently by two other laboratories which 
heat treat in the range of 2400 to 2500 F 
as a matter of routine. 


SUMMARIZED CONCLUSIONS 
1. Low hot ductility is associated with 
the appearance of a “eutectic-like” struc- 
ture. 

2. Low temperatures for the appear- 
ance of this structure are associated with 


low hot ductility and cracking during 
welding. The question of its relation to 
cracking originating during service has 
not been investigated. 

3. Procedures which minimize the 
maximum temperature and time of heat- 
ing of the base metal during welding 
reduce cracking. 

4. Incomplete tentative data suggest 
that low hot ductility is associated with 
high columbium content in relation to 
the carbon content. Apparently, this 
allows the formation of FesCb during 
heating for welding which, in combina- 
tion with the austenite and CbC, devel- 
ops a ternary eutectic which can have a 
relatively low temperature of formation. 
Highly tentative results, which if veri- 
fied, suggest that the restriction of 
columbium in relation to carbon would 
be within practical limits. 

5. To date, the data indicate that trace 
elements, prior processing, and heat 
treatments have a minor influence in 
comparison to the carbon-columbium 
effect. 

6. Until these factors are cleared up, 
it will not be possible to specify type 347 
for main steam lines with assurance of 
freedom from cracking. 


PROPOSED FUTURE RESEARCH 


The main emphasis of proposed future 
research is to concentrate on a study 
designed to determine if there are con- 
ditions which can lead to service diffi- 
culties as the result of welding of steam 
lines made from types 316 and 304 stain- 
less steels. Compositional, manufactur- 
ing, and heat treatment variables will be 
considered from the viewpoint of crack- 
ing during welding and any features of 
the influence of welding on possible diffi- 
culties during service in types 304 or 
316. This proposed research recognizes 
that the problem of cracking during weld- 
ing appears to be slight on the basis of 
experience to date. The objective will be 
to determine if there are conditions where 
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this is not true and, particularly, to 
determine if the welding is liable to cause 
conditions which during subsequent 
service may lead to failures which could 
be avoided by adequate forewarning. 
The research on type 347 should be 
continued to establish definitely the role 
of carbon and columbium content and to 
survey the influence of variations of 
chromium, nickel, manganese, and silicon 
within the specification range. This will 
be done by defining their influence on the 
temperature of appearance of the “eu- 
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tectic-like” structure and establishing 
the role of FezCb more definitely. A 
limited amount of research should also 
be carried out to clarify the influence of 
conditions of the metal in the heat- 
affected zone on subsequent cracking 
during service, either as a result of crack- 
ing initiated during service, or as a result 
of propagation of minute cracks intro- 
duced during welding. 

It is expected that the research can be 
completed during 1961. 
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APPENDIX II 


» 


SUMMARIZED STATUS REPORT ON STAINLESS STEEL 


SUPERHEATER TUBING 


REPORT OF Project SP-6 or STEAM PowER PANEL, ASTM-ASME Joint COMMITTEE 


ON THE EFFECT OF TEMPERATURE ON PROPERTIES OF METALS 


The over-all objective of Project SP-6 
is to delineate the variables of composi- 
tion, processing, and heat treatment in- 
fluencing the properties of stainless 
steels as superheater tubing so that op- 
timum performance in service can be 
obtained. It is expected that the results 
will be useful in the development of 
materials capable of improved perform- 
ance for the future. 

The research to date has been carried 
out using type 321 (18-8 + Ti) as the 
main experimental alloy. Limited work 
has been initiated using type 304 (18-8) 
steel. Type 321 was selected for the initial 
research because it is currently widely 
used as superheater tubing and because 
it is an ideal material for experimental 
purposes due to marked response of its 
properties to the variables to be investi- 
gated. 


EXPERIMENTAL PROGRAM 


rs Upon the advice of the Steering Com- 
mittee for Project SP-6, the following 
experimental program has been carried 
out: 

1. The response of type 321 super- 
heater tubing to final heat treatment has 
been defined. Production tubing from 
two sources was provided by the manu- 
facturers as produced ready for final 
heat treatment after the final cold-work- 
ing operation. Both tube-reduced and 
cold-drawn tubing were used. Additional 


samples have been supplied as fully heat 
treated by manufacturers, and experi- 
mental heats have been made in the 
laboratory to introduce special variables. 

2. The creep and rupture properties 
at 1200 F have been used to evaluate the 
influence of temperature of heat treat- 
ment ranging from 1600 to 2300F. 
Appropriate structural studies have been 
carried out to delineate the cause of the 
observed effects. 

3. The influence of carbon content has 
been defined. The results from tubing 
have been supplemented by laboratory 
vacuum induction melted heats. 

4. To assist in establishing the reasons 
for the variation in properties of type 
321 superheater tubing with heat treat- 
ment, an investigation of the influence 
of reheating at lower temperatures after 
final heat treatment has been carried out. 
A limited number of rupture tests at 1300 
and 1400 F have been conducted for the 
same reason. 

5. Tension tests at 1200 F have been 
used to evaluate the state of the carbon 
as an aid in defining the strengthening 
mechanism. 

6. Because type 321 steel develops 
extensive sigma phase during exposure 
to high temperatures, particularly when 
initially fine grained, a study was made 
of the significance of this reaction. 

7. A large number of samples of tub- 
ing from service were examined and 
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tested to study the influence of exposure 
times beyond those which could be ob- 
tained in the laboratory within the time 
available. 

8. A study of the response of type 304 
tubing to heat treatment is in progress to 
obtain data which will be used to supple- 
ment and contrast with that for type 321 
to assist in clarifying the metallurgical 
principles for austenitic stainless steel 
superheater tubing. 


SUMMARY OF RESULTS 


The results being reported are, in 
most cases, based on stress-rupture time 
curves at 1200 F, with the longest tests 
generally being of the order of 1000 to 
2000 hr. In some cases the data are in- 
complete and reflect trends. 


Influence of Temperature of Heat Treat- 
ment: 


1. The rupture strength increases and 
ductility decreases with temperature of 
heat treatment up to a temperature 
governed by the carbon content. For a 
carbon content of 0.04 per cent this 
temperature is about 2000 F. To obtain 
higher strength from higher tempera- 
tures of heat treatment the carbon con- 
tent must be higher. 

2. Creep tests of 5000 hr duration at 
1200 F under the present ASME Boiler 
Code stress of 5000 psi indicate that the 
temperature of heat treatment must be 
at least 2000 F to develop the expected 
creep strength. 


Heat-to-Heat Variations: 


There are unidentified heat-to-heat 
variations which influence the level of 
strength which are apart and distinct 
from the general rules cited in (1) above. 
Thus, two heats with 0.05 per cent carbon 
will develop their own maximum strength 
when heat treated at about 2050 F. 
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Tube-Reduced Versus Cold-Drawn Tub- 
ing: 
No major difference was found be- 

tween tube-reduced cold-drawn 


tubing for the one heat of material 
studied. 


Influence of Carbon Content: 


The data indicate that the major factor 
governing creep-rupture strength is the 
amount of carbon and titanium in solu- 
tion at the start of the test. The amount 
which can be in solution increases with 
temperature of heat treatment. When 
the temperature of heat treatment is 
2000 F or lower, the creep-rupture 
strengths of heats with carbon contents 
ranging from 0.04 to 0.10 per cent will be 
largely independent of the carbon con- 
tent. If the temperature of heat treat- 
ment is increased above 2000F, the 
strength of the material with 0.04 per 
cent carbon will not be further increased 
but those with higher carbon will be. The 
degree of increase will be limited by the 
carbon content so that when the temper- 
ature of treatment approaches 2300 F, 
only the higher carbon heats continue to 
improve. Rather high strengths result 
from combinations of high carbon and 
high temperatures of heat treatment. 


Influence of Titanium:Carbon Ratio: 


The influence of the relative levels of 
titanium and carbon has not been ade- 
quately investigated. Preliminary data 
suggest that the titanium:carbon ratio 
should be about 4:1 (sufficient to form 
TiC). If the ratio is lower or higher, the 
increase in strength will probably be in 
accordance with the amount of carbon 
and titanium forming TiC. 


Influence of Grain Size: 


Grain size in itself has little effect on 
strength. Ductility is lower, however, for 
a given strength, the coarser the grain 
size. The major effect is the degree of 
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solution of titanium and carbon. Thus, 
grain size will reflect strength only to the 
degree that it correctly reflects solution 
of titanium and carbon. Incomplete data 
suggest the following trends: 

1. A coarse grain size with a low car- 
bon content will have low strength even 
though the temperature of heat treat- 
ment is high. 

2. Material with a coarse grain size 
can be heated at lower temperatures and 
its strength reduced as a result of the 
subsequent precipitation of TiC. 

3. When tubing is given the final cold- 
working operation and then heat treated, 
a coarse grain size is indicative of ade- 
quate solution of titanium and carbon 
when the carbon content is greater than 
0.04 per cent. 

4. There appears to be an indeter- 
minate region just before the tempera- 
ture of heat treatment is high enough to 
cause grain coarsening. The degree of 
solution of titanium and carbon may be 
adequate to develop acceptable 
strengths. The combination of some 
solution plus the high ductility from the 
fine grain size can result in acceptable 
rupture strengths with somewhat low 
creep strengths. There is the additional 
probability that other factors than solu- 
tion of TiC govern the grain-coarsening 
characteristics. Possibly the strength will 
tend to come up without grain coarsening 
when the titanium and carbon contents 
are high enough to allow sufficient un- 
dissolved TiC to restrict grain growth at 
the temperature of heat treatment. 


Metallurgical Principles Governing the 
Properties of Type 321: 


The following results have been ob- 
tained toward clarification of the metal- 
lurgical principles governing the proper- 
ties of type 321 stainless steel: 

1. Titanium and carbon need to be in 
solution at the start of a test to be effec- 


tive in increasing strength. 


2. If either titanium or carbon is ab- 
sent from the composition (or sufficiently 
low), the rupture strength becomes nearly 
independent of heat treatment. 

3. TiC precipitates rapidly when re- 
crystallization occurs at temperatures 
below the solution temperature. A tem- 
perature of about 2000 F is required to 
place about 0.04 per cent carbon in solu- 
tion. Thus, where cold-worked material 
is heat treated at 1600 to 1800 F, there is 
extensive precipitation of TiC in normal 
type 321 steel. The TiC is in the form of 
fairly massive particles even though the 
time of heat treatment is normally only 
3 hr. Due to the extensive precipitation 
of TiC in this form, the strength is low 
and becomes lower the lower the tem- 
perature of heat treatment. The strength 
is low due to the precipitation of the TiC 
and not due to the fine grain size. 

4. Fully _solution-treated material is 
reduced in strength by reason of the 
precipitation of TiC which accompanies 
reheating to temperatures below the 
solution temperature. The time required 
for a given reduction in strength increases 
as the temperature of reheating is low- 
ered. Only a short time is required at 
1750 F. This increases to about 50 hr at 
1600 F and becomes hundreds of hours at 
lower temperatures. The reduction in 
strength, however, does not bring the 
strength down to as low a level as when 
recrystallization of the cold-worked ma- 
terial occurs during heat treatment at 
1600 to 1800 F. 

5. In no case has an increase in creep- 
rupture strength been found from reheat- 
ing below the solution temperature before 
testing. The yield strength and hardness 
can be raised substantially by prior 
heating below 1600 F, but the rupture 
strength decreases. 

6. The decrease in rupture strength by 
the prior precipitation of TiC is accom- 
panied by marked increase in ductility 
inthe rupturetests. 
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7. Rupture tests conducted at 1300 
and 1400 F show that strength is highly 
dependent on prior temperature of solu- 
tion treatment. Thus, the reactions 
which take place are effective in influenc- 
ing strength at these temperatures even 
though prior exposure at these tempera- 
tures reduces strength when subsequently 
tested at 1200 F. 

8. When solution treated, the stress- 
strain curves at 1200 F showed marked 
serrations. Prior heating reduces these 
serrations and, when the strength is 
lowest, they entirely disappear. This indi- 
cates that carbon and/or nitrogen in 
solution are responsible for both serrated 
stress-strain curves and elevated creep 
strength. In the absence of titanium 
there is a marked decrease in both the 
serrated nature of the stress-strain curve 
and creep strength even when solution is 
complete. This is evidence that some 
interaction between titanium and carbon 
prior to the formation of TiC is responsi- 
ble for elevated creep strength which is 
partially reflected in the serrated nature 
of the stress-strain curve. 


Role of Sigma Phase: 


The results of the study of sigma phase 
formation indicate that it is an after- 
effect. No evidence was found to indicate 
that it was a major contributor to low 
strength. Apparently large grain size 
reduces the rate of formation of sigma to 
a marked extent. 


Type 304 (18-8) Stainless Steel: 


The data on type 304 stainless steel 
are still not sufficiently complete to 
draw extensive conclusions. The follow- 
ing results have been obtained: 

1. The temperature of heat treatment 
has comparatively little effect on rupture 
strength. Increasing the temperature of 
heat treatment reduces ductility, and 
when very high can consequently reduce 
rupture strength. 

2. Type 304 has lower short-time 
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strength than type 321. Extrapolation of 
the stress-rupture time curves indicates 
long-time strengths equal to the type 321 
strengths on the high side of the band. 
Limited data suggest that the insensi- 
tivity to heat-treatment temperature is 
due to the type of carbide which forms. 
In type 304 complex carbides form, while 
the preferential interaction between ti- 
tanium and carbon in type 321 tends to 
strengthen that material. No information 
has yet been obtained to explain the 
maintenance of strength of type 304 at 
long-time periods, while type 321 tends 
to exhibit a more rapid drop in strength. 


CONCLUSIONS 


The following conclusions are based on 
the research on type 321 stainless steel 
using rupture tests at 1200 F for a basis 
of evaluation unless otherwise indicated: 

1. The research substantiates the 
minimum 0.04 per cent carbon and mini- 
mum temperature for heat treatment of 
2000 F presently specified for type 321-H. 

2. Prolonged creep tests under the 
present ASME Boiler Code stress of 5000 
psi at 1200 F indicate that a minimum 
temperature of 2000 F for heat treatment 
is required to develop expected creep 
strength. 

3. The rupture strength increases with 
temperature of heat treatment independ- 
ent of carbon content up to the point 
where all the carbon is in solution. About 
0.04 per cent carbon can be dissolved at 
about 2000 F. The strengths will be inde- 
pendent of the carbon content up to this 
point as long as it is at least 0.04 per cent. 
Further strengthening can be obtained 
with higher carbon contents by raising 
the temperature of heat treatment. Ex- 
tremely high strengths result from com- 
binations of high carbon and high tem- 
peratures of heat treatment. 

4. While no deviations have been 
found for the preceding generalities, it 
has been found that there are unidentified 
heat-to-heat differences which result in 
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differences in level of strength for a given 
heat treatment and carbon content. 

5. Strength depends on carbon and 
titanium being in solution at the start of 
exposure to stress. 

6. Reheating at lower temperatures 
after solution treatment causes precipita- 
tion of TiC and, therefore, lowers 
strength. 

7. The way in which titanium and 
carbon combine to increase strength 
when initially in solution is not yet clear. 
If either is absent, the strength is low 
regardless of the temperature of heat 
treatment. Prior heating to form TiC 
lowers strength. Yet, if both are in 
solution at the start of a test, they 
markedly increase strength. This holds 
at test temperatures as high as 1400 F. 

8. Grain size in itself has only a minor 
effect on rupture strength. Whether or 
not grain size reflects strength depends on 
whether it correctly reflects the degree of 
solution of titanium and carbon. Duc- 
tility in the rupture test is lower the 
coarser the grain size for a given level of 
strength. 

9. The appearance of sigma phase ap- 
pears to be a reaction which has little 
effect on the strength level. Increasing 
the grain size appears to retard sigma 
formation. 

10. As far as can be ascertained, the 
manufacturing procedure, such as tube 
reducing versus cold drawing, has little 
influence on properties of type 321. 

11. Results obtained to date on type 
304 (18-8) superheater tubing indicate 
that: 

(a) The rupture properties at 1200 F 
are nearly independent of the tempera- 
ture of heat treatment. The only excep- 
tion yet found is very high-temperature 
treatments which reduce ductility and 
thereby reduce rupture life. 

(6) Type 304 has lower short-time 
strengths than type 321 which has been 
adequately solution treated. The long- 
time strengths of type 304 can, however, 


be equal to properly heat treated type 
321. 

(c) The data suggest that the cause for 
the difference in response to heat treat- 
ment between types 304 and 321 is the 
type of carbide formed. 


FUTURE RESEARCH 


1. Use the remaining time under the 
present contract to analyze data and 
prepare a technical report on the results 
to date. Experimental work will be 
limited to laboratory structural studies. 

2. Future research on type 321 will be 
limited to completion of the work neces- 
sary to fill in gaps in the data and to such 
final steps as the work completed to date 
may indicate. In particular, it is con- 
sidered essential to complete the estab- 
lishment of the metallurgical principles 
governing the strengthening of type 321, 
including the identification of the cause 
of the heat-to-heat variation. 

3. The research on type 304 should be 
extended to include more temperatures 
of heat treatment, creep strength as well 
as rupture strength, and to verify the 
results on material made by another 
manufacturer. The research should in- 
clude the structural studies and the 
special experiments necessary to clarify 
the metallurgical principles governing the 
properties of type 304 steel. 

4. During the course of the next year 
the metallurgical principles should be 
well enough established so that predic- 
tions should be possible for other alloys. 
This will be done with a view of checking 
them on types 316 and 347 or on such 
experimental alloys as may, in the judg- 
ment of University representatives and 
the Steering Committee, be justified. In 
particular, the principles are to be evalu- 
ated in terms of the possibility of pro- 
ducing alloys with better properties than 
those of current standard stainless steels. 

5. It is expected that this work can be 
completed during 1961. 
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The Advisory Committee on Corrosion 
held two meetings during the year: on 
June 28, 1960, in Atlantic City, N. J., 
and on January 31, 1961, in Cincinnati, 
Ohio. 


PERSONNEL 


New committee representatives are as 
follows: for Committee A-3, R. A. Clark 
and C. F. Walton replace T. E. Egan and 
H. W. Stewart; for Committee C-19, 
Steven Yurenka and Dan Miller replace 
T. P. Pajak and H. F. Zemer; for Com- 
mittee D-14, A. A. Marra replaces J. E. 
Rutzler, Jr.; and for Committee D-20, J. 
B. DeCoste and A. Mendizza replace F. 
W. Reinhart and J. H. Gibbud. 

Committee E-1 on Methods of Testing 
has requested representation on the 
Advisory Committee and has designated 
A. C. Webber and F. M. Gavan as 
representatives. 

Mr. C. P. Larrabee has been recom- 
mended for reappointment as a member- 
at-large for a three-year term beginning 
June 1961. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, C. P. Larrabee. 

First Vice-Chairman, C. H. Sample. 

Second Vice-Chairman, W. H. Ailor. 


Status OF ATMOSPHERIC EXPOSURE 
PROGRAMS 


Committee A-5 on Corrosion of Iron and 
Steel: 


and zinc-coated hot- 


Aluminum- 
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dipped steel roofing sheets (28 by 36 in.) 
were exposed in September, 1960 at 
State College, Pa.; Newark (New York 
area), N. J.; Kure Beach (800-ft site), N. 
C.; Point Reyes, Calif.; and Freeport, 
Tex. 

Aluminum- and zinc-coated wires and 
fabricated fencing are being exposed at 
State College, Pa.; Kure Beach (80- and 
800-ft), N. C., Newark (New York area), 
N. J.; Point Reyes, Calif.; Freeport, Tex.; 
and Manhattan, Kans. 

Inspection reports of four atmospheric 
programs are appended to the 1961 
Annual Report of Committee A-5: 
aluminum- and zinc-coated hardware 
exposed in 1958; various coatings on 
hardware exposed in 1928; zinc-, lead-, 
and copper-coated steel wire and stain- 
less steel wire exposed in 1936; and 
galvanized roofing sheets exposed in 
1926. 

A comprehensive study of the twenty- 
year data from zinc-, lead-, and copper- 
coated steel wire and stainless steel wire 
exposed in 1936 has been prepared for 
publication as a “Twenty-Year Atmos- 
pheric Corrosion Investigation of Zinc- 
Coated and Uncoated Wire and Wire 
Products,” ASTM Special Technical 
Publication No. 290. 


Committee A-7 on Malleable-Iron Cast- 
ings: 
Data from the first year of exposure of 
standard malleable, pearlitic, nodular, 
and heat-treated nodular iron are ap- 
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pended to the 1961 Annual Report of 


Ferrous Metals and Alloys: 


Continuous recording apparatus to 
measure temperature, time-of-wetness, 
and sulfur dioxide activity at four U.S. 
and three Canadian corrosion sites was 
started in January, 1961. The continuous 
data recording by this apparatus will be 
compared with month-to-month  ex- 
posure corrosion data obtained from 
adjacent specimens of steel and zinc. 

The first-year exposure data from the 
1957 program to study the atmospheric 
corrosion of 77 non-ferrous metals and 
the 1958 program to study galvanic cor- 
rosion of panel-type specimens encom- 
passing aluminum alloys, mild steel, red 
brass, stainless steel, chromium-plated 
steel, and monel, in contact with two 
magnesium alloys are appended to the 
1961 Annual Report of Committee B-3. 


Committee B-4 on Metallic Materials for 
Electrical Heating, Electrical Resist- 
ance, and Electrical Contacts: 


wo louvered shelters containing 
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static contact wires and film foil were 


represent the final report for magnesium 
and zinc alloys exposed in 1939 at five 
outdoor and three storage sites. 

The 20-yr exposure data from three 
aluminum alloys exposed in 1934 to 
determine change in tensile strength and 
elongation during atmospheric exposure 
and to determine the difference in 
performance of the high-purity alloys are 
also appended to the 1961 Annual Report 
of the committee. 


Committee B-7 on Light Metals and Alloys, 

Cast and Wrought: 

The complete 5-yr exposure data for 
cast and permanent mold castings and 
wrought aluminum and magnesium 
alloys exposed in 1953 are appended to 
the 1960 and 1961 Annual Reports of the 
committee. 


Committee B-8 on Electrodeposited Metal- 
lic Coatings: 
Program No. 7 is being developed to 
determine the performance of decorative 
finishes on zinc-base die castings. This 


Committee A-7. Specimens are being installed at Newark (New York area), a 
withdrawn in order to develop the three- N. J., and Kure Beach (800-ft), N. C. ir 
year exposure data for this study. Each shelter contains 720 wires to make ty 
Committee A-10 on Iron-Chromium, 360 static contacts of gold, silver, nickel, | 
Iron-Chromium-Nickel, and Related palladium, and _beryllium-copper N 
Alloys: wires, plus a variety of alloys, elec- cl 
The seventh inspection of corrosion- coatings, ane metalic dips with 
resistant steels and architectural and treatments. 
during the year. A report of this inspec- paren wd 
tion is appended to the 1961 Annual ale and coatings plus brass. The data 
Report of Committee A-10. obtained from the initial _Tesistance b 
One set of the stressed and unstressed Measurements at the time of installation e 
stainless steel wire springs exposed at six neve been 
test sites in 1958 was removed after of 
exposure of one year. A sampling of these 
specimens was subjected to fatigue Committee B-6 on Die-Cast Metals and 
failure tests. These data will be published Alloys: ’ 
with the three-year exposure data so that The 20-yr exposure data for zinc I 
any trends of the one-year data may be alloy die castings AC43A, AC41A, and I 
more definitely established. AG40A are‘appended to the 1961 Annual : 
Committee B-3 on Corrosion of Non- Report of Committee B-6. These data I 
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program will include a variety of copper- 
and chromium-platings on steel and will 
include various thicknesses of duplex- 
type nickel coatings. 

The one-year inspection of Program 
No. 5 covering copper-nickel-chromium 
coatings on steel has been made. 

Program No. 4 was designed to deter- 
mine the effect of nickel strike versus 
copper strike under chromium and to 
determine the effect of heavy crack-free 
chromium, buffing, bright nickel, and 
bright versus Watts nickel, on the life of 
electroplated coatings on steel. The final 
report of this program is appended to 
the 1961 Annual Report of the com- 
mittee. 


Society for the possible construction of a 
test site two miles west of Tucson, Ariz., 
has been cancelled. 


Canada: 


The National Research Council of 
Canada has under its jurisdiction eight 
atmospheric exposure test sites. These 
test sites do not have the capacity to 
permit their use by the general public; 
however, there naturally exists an 
interest as to the performance of ma- 
terials in these atmospheres. It seemed 
pertinent therefore that information as 
to the type and location of the test sites 
as well as the reports of the National 
Research Council and ASTM covering 


TABLE I.—NATIONAL RESEARCH COUNCIL, CANADA, ATMOSPHERIC 
EXPOSURE SITES. 


Rural, Low-Humidity Atmosphere. ......... Saskatoon, Sask. (52°07’N-106°38’W) 
Rural, High-Humidity Atmosphere.......... Ottawa, Ont. (45°25'N-75°42’W) unisil 
Rural-Industrial Atmosphere............... Trail, B. C. (49°06’N-117°42’W) 

Industrial Montreal, Que. (45°31’N-74°31’W) rer 
Marine-Industrial Atmosphere.............. if in 


Halifax, N. S. (44°39’N-63°36’W) 


York Redoubt, N. S. (44°39’N-63°36’W) 
Marine Atmosphere................:.+... Rocky Point (Esquimalt), B. C. (48°28’N- 
123°24’W) 


The final report of Program No. 101 on 
chromate coatings on zinc plating, 
utilizing electrolytic, olive drab, clear, 
and iridescent chromate coatings, with 
untreated control specimens, is appended 
to the 1961 Annual Report of the com- 
mittee. 


Committee C-19 on Structural Sandwich 
Constructions: 


A fourth atmospheric exposure pro- 
gram of a variety of structural sandwich 
construction panels as used in the 
construction industry is being prepared 
for a new atmospheric corrosion test at 
State College, Pa., and Kure Beach 
(80-ft site), N.C. 


ATMOSPHERIC ExposuRE TEsT SITES 


United States: 
The use permit. obtained by the 


exposure data of materials exposed at 
these test sites be recorded. 

A few years ago arrangements were 
completed between the Division of 
Building Research of the National Re- 
search Council of Canada, and ASTM 
for the reciprocal use of eight atmos- 
pheric exposure test sites in Canada. 
These sites were selected some 8 years 
ago by the National Research Council to 
include six different atmospheric condi- 
tions that were considered essential to 
cover the range of Canadian atmospheres. 
The six conditions are listed in Table I. 

Each of the test sites is equipped with 
pipe frames 57 ft in length for mounting 
specimen racks at 30 deg from the 
horizontal. Auxiliary brackets are also 
available for 45-deg mounting of speci- 
mens. Standard specimen sizes for the 
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exposure racks are: 4 by 6 in. and 6 by 9 
in. 

The sites at Halifax (2 locations), 
Ottawa, Saskatoon, and Norman Wells 
are administered by the staff of the NRC 
regional laboratories. The sites at 
Montreal, Esquimalt (Rocky Point), and 
Trail are supervised, respectively, 
through the cooperation of the staff of 
the Research and Development Labora- 
tories, Canadian National Railways; 
the Pacific National Laboratories, De- 
fense Research Board; and the Research 
Department, Consolidated Mining and 
Smelting Co. 

Considerable attention has been paid 
to the development of apparatus to 
record time-of-wetness and temperature 
of the specimens as well as to determine 
the sulfur dioxide atmospheric pollution 
rate (1,2,3,4). An exposure program uti- 
lizing this apparatus has been sponsored 
by ASTM Committee B-3 on Corrosion 
of Non-Ferrous Metals and Alloys, 
Subcommittee VII on Weather, in 
which time-of-wetness measurements 
have been made continuously at Cleve- 
land, Ohio, South Bend, Pa., Kure 
Beach (80- and 800-ft sites), 'N. aa 
Ottawa, Ont., Trail, B. C., Halifax, N. S., 
and Esquimalt (Rocky ’Point), 
Measurements of sulfur dioxide have 
also been made at the first six sites. It is 
planned to expose specimens of steel and 
zinc each month for six months. This 
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to corrosion of these metals. The meas- 
urement of atmospheric chlorides is also 
under investigation (4). 

Two atmospheric exposure test studies 
were designed by ASTM Committee B-3 
to determine the relative corrosivity of 
the NRC, ASTM, and other sites in 
terms of mild steel and commercial grade 
rolled zinc. A complete report of the first 
study covering 19 sites has been pub- 
lished (5) and is a valuable reference for 
the selected use of the Canadian sites, 
The second, more comprehensive, study 
began in June, 1960, and includes some 
39 exposure sites in Canada, England, the 
United States, the Panama Canal Zone, 
and the Philippines. 

Presently the National Research 
Council has test studies covering archi- 
tectural metals at its sites that include a 
variety of aluminum alloys, copper, 
lead, magnesium, rolled zinc, various 
compositions of steels and stainless steels 
(302, 316, 430), and proprietary alloys. 
Many types of electrodeposited, sprayed, 
and chemical protective coatings (6,7) 
as well as galvanic couples of aluminum 
alloys riveted to steel, zinc, and copper 
are also on exposure with some data 
published (6). 


Respectfully submitted on behalf of 
the committee, 
K. G. Compton, 
Chairman. 


will permit a systematic study of the S. F. Erris, — 
effect of known atmospheres with respect Secreary 
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CEMENT* 


Committee C-1 on Cement held two 
meetings during the year: in Atlantic 
City, N. J., on July 1, 1960, and in 
Denver, Colo., on Dec. 6, 1960. 

The committee records with sorrow 
the deaths of three of its members: 
H. F. Clemmer, who joined in 1940; 
J. R. Dwyer and P. J. Freeman, Hon- 
orary Members, both of whom joined 
in 1920. Mr. Dwyer served as Technical 
Assistant to Committee C-1 from 1931 
to 1955. 

At the 1960 Annual Meeting of the 
Society, C. H. Scholer received the 
ASTM Award of Merit. 

In recognition of their long association 
with Committee C-1, and their many 
valuable contributions to its work, W. H. 
Klein, W. C. Hanna, and M. A. Swayze 
were made Honorary Members of the 
committee. 


New TENTATIVE 


The committee recommends for publi- 
cation as tentative the Specifications 
for Processing Additions for Use in the 
Manufacture of Portland Cement’ as 
appended hereto.! 


REVISION OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 

* Sixty-fourth Annual Meeting of the So- 
ciety, June 25-30, 1961. 


1 The new tentative appears in the 1961 Book 
of ASTM Standards, Part4. 
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Tentative Methods of Chemical Analysis 
of Portland Cement (C 114-58 T): 


Section 1(b)—Change to read as 
follows: 


Section 
Vinsol Resin (Methoxyl Method). . 3 to 5 
Ignition Loss of Portland Blast- 
Furnace Slag Cement and Slag 


Section 6—Delete the present Sec- 
tions 6 to 29, renumbering the present 
Section 30 as Section 6. 


Tentative Methods of Sampling Hy- 
draulic Cement (C 183 - 60 T):* 


Section 1—Delete the word “the.” 

Section 2—Change to read as follows 
under the revised heading “Kinds, 
Number, and Size of Samples: By 
Whom Taken:” 


2. (a) A cement sample secured in one opera- 
tion shall be termed a “grab sample.” A sample 
obtained by means of an automatic sampling 
device that continuously samples a cement 
stream shall be termed a “continuous sample.” 
Where a grab sample represents a cement stream 
for a brief period, a continuous sample may 
represent the cement stream for short or ex- 
tended periods of time, as desired by the 
sampling agency. 

(6) Grab samples taken at _ prescribed 
intervals over a period of time may be combined 
to form a “composite sample” representative 
of the cement produced during that period of 
time. A series of individual continuous samples 
secured at prescribed intervals may also be 


21958 Book of ASTM Standards, Part 4. 
31960 Supplement to Book of ASTM ae 
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combined to form a composite sample repre- 
sentative of the period in question. A single 
continuous sample secured by means of an 
automatic sampling device continuously over 
the period in question is also a composite sample 
for the period. 

(c) Samples on which physical or chemical 
tests are to be made shall be called “test 
samples.” Test samples shall be either grab 
samples or composite samples, as may be 
specified, and one test sample shall represent 
not more than 2000 barrels unless otherwise 
specified by the purchaser. 

(d) Individual samples to be composited 
shall weigh at least 5 Ib. Individual test samples 
on which all specified tests are to be made shall 
weigh at least 10 Ib. 

(e) The sampling shall. be done by or under 
the direction of a responsible representative of 
the purchaser. 

(f) Samples shall be packed by the purchaser 
in moisture-proof, airtight containers that are 
to be numbered consecutively in the order in 
which the samples are taken. The containers 
shall be crated, if necessary, by the manufactuter 
and shipped at the expense of the purchaser. 


Section 3(a)—Change to read as 
follows: 


(a) From the Conveyor Delivering to Bulk 
Storage.—One test sample of 5 lb or more 
shall be taken from at least each 1000 barrels 
passing over the conveyor, except that the 
sample shall represent not more than 5 to 6 hr 
of cement production (conveyor operation). 
The sample may be secured by either the grab 
or the composite method. When obtaining a 
composite test sample, it shall be secured by 
combining approximately equal weights of the 
cement taken at regular intervals, each portion 
representing not more than 200 barrels. 


Section 3(f).—Delete the next to the 
last sentence. 

Section 4(a)—Delete the first sen- 
tence. 

Section 4(b)—In the first two sen- 
tences, change the expression “test 
samples” to “individual samples.” 


Tentative Specifications for Portland 
Blast-Furnace Slag Cement (C 205 - 
60 T): 

Table I—Delete the phrase “Man- 
ganic oxide (Mn,O;), max, per cent... 


Note 1.—Delete the entire note, re- 
numbering Note 2 as Note 1. 


Tentative Specifications for Air-Entrain- 
ing Additions for Use in the Manu- 
facture of Air-Entraining Portland Ce- 
ment (C 226 — 58 T):? 


Section 3(c)—In the last line of the 
second paragraph change the term “per 
cent” to “percentage points.” 

Section 10(c)—Change to read as 
follows: 


(c) Resistance to Freezing and Thawing.— 
Method of Test for Resistance of Concrete 
Specimens to Rapid Freezing and Thawing in 
Water (ASTM Designation: C 290), or Method 
of Test for Resistance of Concrete Specimens to 
Slow Freezing and Thawing in Water or Brine 
(ASTM Designation: C 292) shall be used, 
except that the specimens shall be tested at the 
end of the 28-day curing period. In case of a 
disagreement between the results obtained by 
these two methods, the results obtained by 
Method C 290 shall govern. 


Tentative Specifications for Flow Table 
for Use in Tests of Hydraulic Cement 
(C 230 - 57 T):? 


Section 5(a)——Add the following new 
sentence at the end of this paragraph: 


A circular shield approximately 10 in. in 
diameter, with a center opening approximately 
4 in. in diameter, made of nonabsorbing material 
not attacked by the cement, shall be used with 
the flow mold to prevent mortar from spilling 
on the table top. 


Tentative Method of Test for Flexural 
Strength of Hydraulic Cement Mor- 
tars (C 348-57 T)? 


Section 2(h).—Add the following new 
Notes 2 and 3 at the end of this para- 
graph: 


Note 2.—Most hydraulic compression ma- 
chines designed for breaking 2-in. cubes have a 
relatively small diameter lower bearing surface 
directly centered below the upper spherically 
seated head, on which close-fitting pedestals of 
appropriate heights are set for breaking 2-in. 
cubes and 2 by 4 in. or 3 by 6-in. cylinders, The 
base plate of the flexure testing apparatus shown 
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in Fig. 3 is designed to rest on the low ped- 
estal intended for tests on 3 by 6-in. cylinders. 

Norte 3.—In the absence of self-centering 
arrangements on machines with large lower 
bearing surfaces, the center of this surface 
directly below the center of the upper spherically 
seated head shall be accurately located. A circle 
or concentric circles of appropriate diameters 
shall be scribed on the lower bearing surface 
around this point. A cylindrical pedestal of 
appropriate diameter and height shall be ob- 
tained. End faces of the pedestal must be plane 
and parallel and at 90 deg to the axis of the 
cylinder. The upper face shall have a diameter 
of 3.05 in. 


Section 2(i)—Add the following new 
Note 4 at the end of this paragraph: 

Note 4.—A number of types of briquet 
testing machines have insufficient space between 
the hangers for the briquet clips and the frame 
of the machine to admit the wider assembly 
needed for flexure tests on prisms, as shown in 
Fig. 4. Laboratories intending to convert briquet 
machines for this use should check this dimension 
before purchase of the adapting equipment. 

Section 6-—In the last sentence, 
change the phrase “Notes 2 and 3,” 
to read “Notes 5 and 6,” and renumber 
the notes which follow this section 
accordingly. 

Section 11(a)—Change the heading 
preceding this section to read “Testing 
Procedure.” In the second sentence 
replace the words “plastic cloth” with 
the words “waterproof plastic.” At the 
beginning of the third sentence add the 
words “For older specimens,”. Add 
the following new Note 7 after Para- 
graph (a): 

Nore 7.—The flexural strength of prisms is 
quickly affected by drying which produces skin 
tension in the specimens and yields low strengths. 
Specimens for test at 24 hr should, therefore, be 
removed from molds preferably at that age and 
tested immediately. If there is a delay in testing, 
specimens shall be wrapped in waterproof 
plastic and placed in the moist closet until 
immediately before testing. After breaking, 
rewrap in plastic until compressive tests are 
made, 


Section 11(b)—Add a new sentence 
at the end of this section to read: 
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“Cloths used for wiping 24hr speci- 
mens shall not be more than faintly 
damp.” 

Section 11(c)—Change to read as 
follows: 


(c) Center the pedestal on the base plate of 
the machine directly below the center of the 
upper spherical head, and place the bearing 
plate and support edge assembly on the pedestal. 
Attach the center-loading device to the spherical 
head. Turn the specimen on its side with 
respect to its position as molded and place it on 
the supports of the testing device. The longi- 
tudinal center line of the specimen shall be set 
directly above the mid-point of both supports. 
Adjust the center-point loading device so that its 
bearing edge is at exactly right angles to the 
length of the prism and parallel to its top face 
as placed, with the center of the bearing edge 
directly above the center line of the prism and 
at the center of the span length. Care shall be 
exercised to insure that contact between the 
specimen and loading edge is continuous when 
the load is applied. The load shall be applied at 
the rate of 600 + 25 lb per min and shall be 
indicated within an accuracy of + 1 per cent 
on a dial graduated in increments of not more 
than 10 lb. Total maximum load shall be esti- 
mated to the closest 5 Ib. 


Figure 3—Revise the principal cap- 
tion to read “Special Components for 
Adapting Compression Testing Machine 
for Testing 40 by 40 by 160-mm 
Prisms.” Revise the caption for Fig. 3(a) 
to read “Base Plate and Support Edges.” 
Revise the caption for Fig. 3(6) to read 
“Center-Point Loading Component.” 
Substitute the new Fig. 3(6) as shown 
in the accompanying Fig. 1.‘ 

Tentative Method of Test for False 


Set of Portland Cement (Mortar 
Method) (C 359 56 T):? 


New Section 2—Add the following 
new Section 2 under the heading “Defi- 
nitions,” renumbering the subsequent 
sections accordingly: 


2. (a) False Set.—False set is the rapid 
development of rigidity in a mixed portland 


4 The new figure is not included in this report 
but appears in the revised method of test; see 
1961 Book of ASTM Standards, Part 4. ot 
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cement paste, mortar, or concrete without the 
evolution of much heat, which rigidity can be 
dispelled and plasticity regained by further 
mixing without addition of water. Grab set, 
premature stiffening, hesitation set, early 
stiffening, and rubber set are terms referring to 
the same phenomenon, but false set is the pre- 
ferred term. 

(b) Quick or Flash Set.—Quick or flash set is 
the rapid development of rigidity in a mixed 
portland cement paste, mortar, or concrete, 
usually with the evolution of considerable heat, 
which rigidity cannot be dispelled nor can the 
plasticity be regained by further mixing without 
addition of water. Quick set is the preferred 
term. 


Section 4(d)—Change the second 
sentence of the second paragraph to 
read: “In a similar manner, determine, 
after moving the Vicat apparatus to the 
desired location, the penetrations at 
intervals of 5, 8, and 11 min after the 
beginning of the mixing.” After this 
sentence add a new sentence to read: 
“The filled container is not to be moved 
until these measurements are com- 
pleted.” 

New Section 7—Add the following 
new Section 7 under the heading “In- 
terpretation”: 


7. False set is generally conceded to result 
from the rapid crystallization of gypsum from 
the solution of dissolved calcium sulfate hemi- 
hydrate or soluble anhydrite occurring when 
water is added to the cement. Heat generated 
during finish grinding of the cement clinker 
almost inevitably results in conversion of some 
of the gypsum added for control of setting, 
either or both to hemihydrate or soluble anhy- 
drite. 

From a placing and handling standpoint, 
false set tendencies in cement will cause no 
difficulties where concrete is mixed for a longer 
time than usual, such as usually occurs in 
transit mixing, or where it is remixed prior tc 
placing or transporting, such as occurs in con- 
crete pumping operations. It is most apt to be 
noticeable where concrete is mixed for a short 
period of time in stationary mixers and trans- 
ported to the forms in non-agitating equipment, 
such as on some paving jobs. 

False set per se has no deleterious effects on 
the quality of concrete; however, cements with 
false setting tendencies usually require slightly 
more mixing water to produce the same con- 
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sistency, which may be expected to result in 
slightly lower strengths and increased drying 
shrinkage. 


TENTATIVE REVISION OF STANDARD 


The committee recommends tenta- 
tive revision as follows of the Standard 
Specifications for Portland Cement 
(C 150 - 60)? 

Section 3—Change to read as follows: 


3. For the purpose of these specifications, 
portland cement is the product obtained by 
pulverizing clinker consisting essentially of 
hydraulic calcium silicates, to which no additions 
have been made subsequent to calcination other 
than water and/or untreated calcium sulfate, 
except that additions of other materials not to 
exceed 1.0 per cent may be interground with the 
clinker at the option of the manufacturer, 
provided such materials are added in amounts 
not to exceed the amount that has been shown 
to be non-harmful by tests prescribed in the 
Specifications for Processing Additions for Use 
in the Manufacture of Portland Cement (ASTM 
Designation: C 465). 


ADOPTION OF TENTATIVE REVISIONS 
AS STANDARD 

The committee recommends that the 
tentative revision of Section 4 of both 
the Standard Specifications for Portland 
Cement (C 150-60)’ and the Standard 
Specifications for Air-Entraining Port- 
land Cement (C 175 - 60)° be approved 
for reference to letter ballot of the 
Society for adoption as standard. liga 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society: 


Standard Methods of Chemical Analysis 
of Portland Cement (C 114 - 58):? 


In order to make use of improved 
testing procedures, the following ad- 
ditions and deletions, accompanied by 
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all necessary editorial revisions of cross- 
references between: sections, are recom- 
mended: 

Section 1(b)—Retain the first part 
of this section in its present form and 
change the latter part to read as follows: 


Section 
Titanium Dioxide.............. 24to 26 
Phosphorus ‘Pentoxide.......... 27 and 28 
Manganic Oxide...........4 4... 29 and 30 
Insoluble Residue.............. 31 
Chloroform Soluble Organic Sub- 
Free Calcium Oxide............. 34to 40 
OpTIONAL METHODS 

41 
Magnesium Oxide: 

Method A—Gravimetric...... 44 

Method B—Alkalimetric...... 45 and 46 

Method C—8-Hydroxyquino- 

Salfur 49to 52 
Sodium and Potassium Oxide: 

53 and 54 

Titanium Dioxide: 

| 62to 64 
Phosphorus Pentoxide.......... 65 and 66 
Manganic Oxide................ 67 and 68 
Free Calcium Oxide............ 69to 72 


Sections 24 to 30-—Under the heading 
“Titanium Dioxide” insert Sections 
9 to 11 of C114-58T as Sections 24 
to 26, renumbering the present Sections 
24 to 30 as Sections 27 to 33. 

Sections 31 and 32-—Delete the 
present Sections 31 and 32 under the 
heading “Free Calcium Oxide in Port- 
land Cement and Clinker” and insert 
Sections 19 to 25 of C114-58T as 
Sections 34 to 40 under this heading. 

Sections 33 to 44—Renumber the 
present Sections 33 to 44 as Sections 
41 to 52. 

Sections 45 and 46.—Renumber the 
present Sections 45 and 46 as Sections 
53 and 54 under the new heading “Sodium 
Oxide and Potassium Oxide—Optional 
Method A.” Then, under the new heading 
“Optional Method B—Delermination by 
Flame Photomeiry, Using the Direct- 


Intensity Method,” insert Sections 15 
to 18 of C 114-58 T as Sections 55 to 
58. 

New Sections 59 to 64—Under the 
heading “Titanium Dioxide—Optional 
Method A—Peroxide Method Using 
Nessler Tubes” insert Sections 12 to 14 
of C 114-58T as Sections 59 to 61. 
Under the heading “Optional Method 
B—Titration with Methylene Blue” 
insert Sections 6 to 8 of C114-58T 
as Sections 62 to 64. 

Sections 47 to 50-—Renumber the 
present Sections 47 to 50 as Sections 
65 to 68. 

Sections 51 and 52.—Delete the present 
Sections 51 and 52 under the heading 
“Free Calcium Oxide—Oplional Method” 
and insert Sections 26 to 29 of C 114- 
58 T as Sections 69 to 72. 

Section 53—Renumber the present 
Section 53 as Section 73, and revise the 
subsection entitled “Minor Components” 
by inserting “TiO.... Titanium di- 
oxide” as the third item in the listing. 


Standard Specifications for Portland 
Cement (C 150 


Section 3, Footnote 3—Add the fol- 
lowing new Paragraph (c) to Footnote 3: 


(c) The material known commercially as 
Polyfon T (a highly purified water-soluble 
sodium lignosulfonate, made from lignin pro- 
duced by the alkaline process for producing 
paper pulp) manufactured by the West Virginia 
Pulp and Paper Co., when added in an amount 
not exceeding 0.05 per cent of the clinker weight 
in the finished grinding of portland cement 
may be used. 


Table I—Add the phrase “Sum of 
tricalcium silicate and tricalcium alumi- 
nate, max, per cent...” to the first 
column, and opposite that in the column 
headed “Type II” insert the expression 
“58°.” 

Replace the present Footnote ¢ with 
the following: 


¢ The expressing of chemical] limitations by 
means of calculated assumed compounds does 
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not necessarily mean that the oxides are actually 
or entirely present as such compounds. 

When the ratio of percentages of aluminum 
oxide to ferric oxide is 0.64 or more, the per- 
centages of tricalcium silicate, dicalcium silicate, 
tricalcium aluminate and tetracalcium alumino- 
ferrite shall be calculated from the chemical 
analysis as follows: 

Tricalcium silicate = (4.071 X per cent 
a CaO) — (7.604 X per cent SiO.) — (6.717 
--X& per cent AlOs) — (1.429 X per cent 
FeeO3) — (2.852 X per cent SOs) 

_ Dicalcium silicate = (2.868 X per cent 
SiO.) — (0.7544 X per cent C;S) 
- Tricalcium aluminate = (2.650 X per cent 
— (1.691 X per cent Fe,0;) 
_ Tetracalcium aluminoferrite = 3.043 X 
per cent Fe,0; 
_ When the alumina-ferric oxide ratio is less 
than 0.64, a calcium aluminoferrite solid solution 
(expressed as ss + is formed. 
Contents of this solid solution and of tricalcium 
silicate shall be calculated by the following 
formulas: 
ss (CAF + C.F) = (2.100 X per cent 
AlOs) + (1.702 X per cent Fe,0;) 
_— Tricalcium silicate = (4.071 X per cent 
CaO) — (7.604 X per cent SiO,) — (4.478 
-X& per cent Al,O;) — (2.859 X per cent 
Fe,0;) — (2.852 X per cent SOs). 

No tricalcium aluminate will be present in 
cements of this composition. Dicalcium silicate 
shall be calculated as previously shown. 

In the calculation of C;A, the values of 
Al,O; and Fe,0; determined to the nearest 0.01 
per cent shall be used. In the calculation of 
other compounds the oxides determined to the 
nearest 0.1 per cent shall be used. 

Values for C;A and for the sum of C,AF + 
2C;A shall be reported to the nearest 0.1 per 
cent. Values for other compounds shall be re- 
ported to the nearest 1 per cent. 


Add the following new Footnote e: 


¢ This limit applies when moderate heat of 
hydration is required and tests for heat of 
hydration are not requested. 


Table II=—Opposite the phrase 
‘“‘Soundness: Autoclave expansion, max, 
per cent...” change the value “0.50” 
to “0.80.” 


Standard Specifications for Air-Entrain- 
ing Portland Cement (C 175-60): 


Table I—Add the phrase “Sum of 


tricalcium silicate and tricalcium alumi- 


nate, max, per cent...” to the first 
column, and opposite that in the column 
headed Type IIA insert the expression 
“Sge” 

Replace the present footnote “a” with 
wording corresponding to that for the 
proposed new Footnote “c” for C 150. 

Add a new Footnote ¢ with wording 
corresponding to that for the proposed 
new Footnote e for C 150 as shown above. 

Table II:—Opposite the phrase 
“Soundness: Autoclave expansion, max, 
per cent...” change the value ‘0.50” 
to “0.80.” 


STANDARD CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the Stand- 
ard Specifications for Natural Cement 
(C 10-54)? 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the fol- 
lowing tentatives: 


Tentative Specifications for: 
Portland-Pozzolan Cement (C 340 - 58 T).2 


Tentative Methods of Test for: 


Bleeding of Cement Pastes and Mortars 
(C 243 — 58 T),? 

Calcium Sulfate in Hydrated Portland Cement 
Mortar (C 265 — 58 T),? 

Time of Setting of Hydraulic Cement by 
Gillmore Needles (C 266 — 58 T),? 

Mechanical Mixing of Hydraulic Cement 
Pastes and Mortars of Plastic Consistency 
(C 305 — 59 T),® and 

Compressive Strength of Hydraulic Cement 
Mortars (Using Portions of Prisms Broken in 
Flexure) (C 349 - 59 T).5 


EDITORIAL CHANGES 


The committee recommends editorial 
changes as indicated in the following 
standards and tentatives: 


51959 Supplement to Book of ASTM Stand- 
ards, Part 
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Standard Specifications for Masonry 

Cement (C 91 - 60):? 

Section 30(c)—Change to read as 
follows: 

(c) Calculations.—Calculate the percentage 
of water soluble alkali as Na,O to the nearest 
0.01 as follows: 

Per cent soluble 
_ ppm Na,O in solution in 100-ml flask 
1500 


Per cent soluble 
_ ppm K,0 in solution in 100-ml 
= 1300 4 
Then, per cent K,0 X 0.658 = per cent Na,O 
equivalent of K,O, and per cent NazO + per 


cent Na,O equivalent of K,O = total soluble 
alkali calculated as Na,O. 


Standard Method of Test for Com- 
pressive Strength of Hydraulic Ce- 
ment Mortars (Using 2-In. Cube 
Specimens) (C 109 - 58):? 
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Section 8(b)—In the first sentence, 
change “Section 5” to “Section 6.” 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 


This report has been submitted to 
letter ballot of the committee, which 
consists of 84 voting members; 69 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
R. R. LITEuISER, 
Chairman, 
W. J. McCoy, 
Secretary. 
6 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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MAGNESIUM OXYCHLORIDE AND MAGNESIUM 


UG. 

Committee C-2 on Magnesium Oxy- 
chloride and Magnesium Oxysulfate 
Cements held no meetings during the 
year. A conference of officers and mem- 
bers of the committee was held on 
October 13, 1960, in Washington D.C. 
It was the decision at this conference to 
request that the committee be placed on 
an inactive status, pending further de- 
velopments in this field. At its meeting 
on January 17, 1961, the Board of 
Directors placed the committee on in- 
active status and appointed J. B. James, 
Dow Chemical Co., as Acting Chairman. 
All secretarial matters will be handled 
at ASTM Headquarters. 

A Subcommittee on Review was ap- 
pointed with the responsibility of re- 
viewing all existing standards under the 
jurisdiction of the committee. The sub- 
committee membership consists of: 
J. B. James, Dow Chemical Co.; N. V. 
Becker, Johns-Manville Corp.; W. H. 
Kibbel, Jr., Food Machinery and Chemi- 
cal Corp.; C. C. Martin, The Standard 
Magnesia Co.; Frank Jaros, Allied 
Compositions Co. Inc.; and a repre- 
sentative from the Bureau of Ships. 


ADOPTION OF TENTATIVE AS STANDARD 
REVISION 


The committee recommends that the 
Tentative Specification for Oxychloride 
Magnesia (C 275-56T) be approved 


* Sixty-fourth Annual Meeting of the So- 
ciety, June 25-30, 1961. 
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for reference to letter ballot of the 
Society for adoption as standard without 
revision. 


The committee recommends reap- 
proval of the following standards which 
have stood for six or more years without 
revision: 


REAPPROVAL OF STANDARDS 


Standard Specifications for: 
Magnesium Chloride (C 276 — 53), and 


Magnesium Sulfate, Technical Grade (C 
277 - 53). 
Standard Methods of Test for: 


Bulk Density of Magnesium Oxychloride Ce- 
ments (C 248 — 52), 

Chemical Analysis of Magnesium Chloride 
(C 245 - 52), 

Chemical Analysis of Magnesium Sulfate, Tech- 
nical Grade (C 244 - 52), 

Compressive Strength of Magnesium Oxychlo- 
ride Cements (C 257 -52), 

Consistency of Magnesium Oxychloride Cements 
by the Flow Table (C 255 - 52), 

Flexural Strength of Magnesium Oxychloride 
Cements (Using Simple Bar with Two-Point 
or Single-Point Loading) (C 256 — 52), 

Ignition Loss and Active Calcium Oxide in Mag- 
nesium Oxide for Use in Magnesium Oxychlo- 
ride Cements (C 247 — 57), 

Linear Change of Magnesium Oxychloride Ce- 
ments (C 253 — 52), 

Linear Contraction of Magnesium Oxychloride 
Cements (C 252 - 52), 

Mixing Magnesium Oxychloride Cement Com- 
positions with Gauging Solution (for Prepara- 
tion of Specimens for Laboratory Tests) 
(C 251 - 52), 

Physical Testing of Magnesia for Magnesium 

Oxychloride Cements (C 246 - 52), 
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Sampling Magnesium Oxychloride Composi- 
tions and Ingredients (C 237 - 51), 

Setting Time of Magnesium Oxychloride Ce- 
ments (C 254 - 52), 

Sieve Analysis of Magnesium Oxychloride Com- 
positions, Aggregates, and Fillers (C 238 - 51), 

Sieve Analysis of Plastic Calcined Magnesia 
(C 239 - 51), 

Slump Test for Field Consistency of Magnesium 
Oxychloride Cements (C 249 — 52). 


Standard Specification and Method for: 
Field Determination of Specific Gravity of 
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Gauging Solutions for Magnesium Oxychlo- 
ride Cements (C 250 — 52). 


This report has been submitted to 
letter ballot of the Subcommittee on 
Review which consists of 6 members, all 
of whom voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


J. B. James, 


Acting Chairman. 
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Committee C-3 on Chemical-Re- 
sistant Mortars held two meetings during 
the year: on Oct. 20 and 21, 1960, in 
Suffern, N. Y., and on Feb. 23 and 24 
1961, in Washington, D. C. 

The committee consists of 18 members 
of whom 7 are classified as producers, 7 
as consumers, and 4 as general interest 
members, with 2 consulting members. 

The committee approved a change in 
title and scope of the committee which 
has been submitted to the Board of 
Directors. The change will expand the 
coverage to materials other than mortars 
that are in the category of chemical- 
resistant nonmetallic materials used 
primarily for protection against corrosive 
chemicals. 


New TENTATIVE 


The committee recommends for publi- 
cation as tentative the proposed Specifi- 
fication for Chemically Setting Silicate- 
Type Chemical-Resistant Mortars, as 
appended hereto.! 


REVISION OF TENTATIVE 


_ The committee recommends revisions 
as follows of the Tentative Methods of 
Test for Working and Initial Setting 
Times of Chemically Setting, Silicate- 
Type Chemical-Resistant Mortars (C 

*Sixty-fourth Annual Meeting of the 
Society, June 25-30, 1961. 


1 The new tentative appears in the 1961 Book 
of ASTM Standards, Part 4. 
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414 — 58 T)? and the continuation of the 
method as tentative: 

Section 4.—Add a new Paragraph (a) 
to read as follows, relettering the present 
Section 4 as Paragraph b: 

(a) All material used in this test method 
shall be stored for at least 16 hr prior to use at 
the standard test temperature as described in 
Paragraph (0). 

Section 5(a).—Delete the third sen- 
tence. 

Section 6.—Change the first sentence 
to read as follows: 

Remove approximately 15-g portions of the 
silicate mortar at 5 min (maximum) intervals, 
and trowel on the horizontal surface of a clean 
dry brick or asbestos-cement board. 

REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society: 
Standard Method of Tests for Tensile 

Strength of Resin-Type Chemical- 

Resistant Mortars (C 307 55):* 

Section 8.—Change the second sen- 
tence to read as follows: 


The specimens shall then be aged for a 
period of at least six additional days at 23 
+ 2.2C (73.444 F). 


21958 Book of ASTM Standards, Part 4. 
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Section 9(b)—Change the second sen- 
tence to read as follows: 


They shall be pulled at a rate of 6000 + 
500 psi per min, or at a rate of 0.20 to 0.25 in. 
per min of crosshead movement (speed of 
movement when the machine is running without 
a load). 


Standard Methods of Test for Working 
and Setting Times of Resin-Type 
Chemical-Resistant Mortars (C 308 - 
55):? 


Section 1.—Delete the second sen- 
tence of the scope. 

Section 4.—Add a new Paragraph a 
to read as follows relettering the present 
Section 4 as Paragraph b: 


(a) All materials used in this test method 
shall be stored for at least 16 hr prior to use at 
the standard test temperature as described in 
Paragraph (6). 


Section 5(a).—Delete the third sen- 
tence. 

Section 6.—Change the first sentence 
to read as follows: 


Remove approximately 15-g portions of the 
resin mortar at specific intervals and trowel on 
the horizontal surface of a clean dry brick or 
asbestos-cement board. 


Section 7(a).—Change the first sen- 
tence to read as follows: 


Immediately after mixing is complete, 
approximately 50 g of the mortar shall be 
removed with a trowel and buttered on the 
edges of two clean dry bricks. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the fol- 
lowing tentatives: 


Tentative Method of Test for: 


Absorption and Apparent Porosity of Chemical- 
Resistant Mortars (C 413 — 58 T),? and 
Chemical Resistance of Mortars (C 267 — 59 T).* 
31959 Supplement to Book of ASTM 
Standards, Part 4. 
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EDITORIAL CHANGES 


The committee recommends editorial 
changes as indicated in the following 
standards and tentatives: 


Recommended Practice for Use of Sul- 
fur-Type Chemical-Resistant Mortars 
(C 386 — 60):4 
Section 9.—Add a sentence at end of 

the section to read as follows: 


The chemical resistance of this mortar may 
be determined by the Method of Test for 
Chemical Resistance of Mortars (ASTM 
Designation: C 267). 


Recommended Practice for Use of 
Chemically Setting Silicate-Type 
Chemical-Resistant Mortars (C 397 - 
60):* 

Section 8.—Add a new sentence at the 
end of the section to read as indicated 
above for Section 9 of Recommended 
Practice C 386. 


Tentative Recommended Practice for 
Use of Hydraulic Cement Mortars in 
Chemical-Resistant Masonry (C 398 - 
60 T):* 

Section 15.—Add a new sentence at 
the end of the section to read as indicated 
above for Section 9 of Recommended 
Practice C 386. 


Recommended Practice for Use of 
Resin-Type Chemical-Resistant Mor- 
tars (C 399 60):' 

Section 11.—Add a new sentence at the 
end of the section to read as indicated 
above for Section 9 of Recommended 
Practice C 386. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 

41960 Supplement to Book of ASTM 
Standards, Part 4. 

5 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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This report has been submitted to 
letter ballot of the committee, which 
consists of 18 members; 18 members 
returned their ballots, all of whom voted 
affirmatively. 
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Respectfully submitted on behalf of 
the committee, 
J. R. ALLEN, 
Chairman, 
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Committee C-4 on Clay Pipe held one 
meeting during the year: in Atlantic 
City, N. J., on June 28, 1960, during the 
Annual Meeting of the Society. 

The committee consists of 29 members 
of whom 12 are classified as producers, 
14 as consumers, and 3 as general in- 
terest members. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1960 Annual Meet- 
ing, Committee C-4 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 

New Tentative Specifications for: 
Standard Strength Ceramic Glazed Clay Pipe 

(C 462 — 60 T), and 


Extra Strength Ceramic Glazed Clay Pipe 
(C 463 - 60 T). 


Revision of Tentative Specifications for: 


Standard Strength Ceramic Glazed or Unglazed 
Clay Sewer Pipe (C 261 — 59 T), with a change 
in title to read, “Specifications for Standard 
Strength Unglazed Clay Pipe.” 

Extra Strength Ceramic Glazed or Unglazed 
Clay Pipe (C 278-57 T), with a change in 
title to read, “Specifications for Extra Strength 
Unglazed Clay Pipe.” 

Vitrified Clay Pipe Joints Using Materials Hav- 
ing Resilient Properties (C 425 — 58 T). 


Revision and Reversion to Tentative of Standard 
Methods of Testing: 
Clay Pipe (C 301 - 54). > * 


These recommendations were accepted 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 
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by the Standards Committee on Septem- 
ber 29, 1960, and the new and revised 
tentative specifications and methods ap- 
pear in the 1960 Supplement to the Book 
of ASTM Standards, Part 5. 


STANDARD CONTINUED 
WITHOUT REVISION 


The committee recommends the con- 
tinuation without revision of the Stand- 
ard Specifications for Clay Flue Linings 
(C 315 — 56). 


TENTATIVES CONTINUED 
WITHOUT REVISION 

The committee recommends the con- 
tinuation without revision of the fol- 
lowing tentatives: 
Tentative Specifications for: 
Standard Strength Clay Sewer Pipe (C 13- 

57 T), 
Extra Strength Clay Pipe (C 200-59 T), and 


Standard Strength Perforated Clay Pipe (C 211 - 
57 T). 


Tentative Recommended Practices for: 


Installing Vitrified Clay Sewer Pipe (C 12- 

58 T). 

This report has been submitted to 
letter ballot of the committee, which 
consists of 29 members; 24 members re- 
turned their ballots, of whom 23 have 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 
C. R. VeEtzy, 
Chairman. 


RosBert G. Scort, 
Secretary. 
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Eprror1aL Note 


Subsequent to the Annual Meeting, Committee C-4 presented to the Society through & 
the Administrative Committee on Standards the following recommendations: 


PATHE 
New Tentative Specification for: 
Vitrified Clay Liner Plates (C 479 - 61 T). . 

Revision of Tentative Specification for: 


Standard Strength Perforated Clay Pipe (C 211-57 T), with a change in title to read, 3 
“Tentative Specifications for Standard and Extra Strength Perforated Clay Pipe.” 


FAT 


These recommendations were accepted by the Standards Committee on September 12, 
1961, and the new and revised tentative specifications appear in the 1961 Book of ASTM © 
Standards, Part 5. her i4 49. ate wi 
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Committee C-7 on Lime held two 
meetings during the year: on June 29, 
1960, in Atlantic City, N. J., during the 
Annual Meeting of the Society, and on 
February 2, 1961, in Cincinnati, Ohio, 
during ASTM Committee Week. 

The committee consists of 51 members, 
of whom 24 are classified as producers, 
8 as consumers, and 16 as general interest 
members, with 3 honorary members. 

Due to the death of its chairman, 
James A. Murray, Committee C-7 held 
a special election which resulted in the 
election of the following officers: H. F. 
Kriege, chairman; R. K. Thomas and 
E. T. Carlson, vice-chairmen; and L. E. 
Johnson, secretary. 

The committee regrets the loss of 
Mr. Murray, who died March 7, 1960, 
and also Walter C. Voss, an honorary 
member, who died November 2, 1960. 

Walter Walker has been appointed 
chairman of Subcommittee VIII on 
Nomenclature, replacing B. M. O’Kelly, 
who resigned. 

The formation of Subcommittee XII 
on Limestone for the Chemical and 
Process Industries was cancelled. This 
product will be handled by Subcom- 
mittee III on Lime for the Chemical 
Industries. 

Com mittee C-7 elected representatives 
as follows to Committee E-1 on Methods 
of Testing: R. E. Halsted to Subcom- 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 
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mittee 5 on Compression Testing; V. S. 
Tadsen to Subcommittee 10 on Sieves; 
W. J. Barrett to Subcommittee 11 on 
Sub-Sieve Testing; and R. B. Vogel to 
Subcommittee 12 on Methods for 
Density. R. K. Thomas was elected as 
representative to Committee E-15 on 
Analysis and Testing of Industrial 
Chemicals. The committee discontinued 
its representation on Subcommittee 8 
on Flexural, Strength Test, Subcom- 
mittee 9 on Rheological Properties, and 
Subcommittee 14 on Conditioning and 
Weathering of Committee E-1. 


REVISION OF STANDARD, 


IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revision as follows of 
the Standard Specifications for Hydraulic 
Lime for Structural Purposes (C 141 -— 
55),! and accordingly asks for the neces- 
sary nine-tenths affirmative vote at the 
Annual Meeting in order that the 
revision may be referred to letter ballot 
of the Society. 

Section 1(b).—Delete the phrase “and 
as sole cementitious material in con- 
crete.” 

Section 2.—Change the first line of the 
Note to read “The purchaser may 
increase the hydraulicity ...” 

Delete Paragraph (c). 

Section 3—In the table, delete the 


11958 Book of ASTM Standards, Part 4. 
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headings “Type A” and “Type B,” and 
delete both columns under Type B. 

Section 4.—Delete the phrase “For 
both types A and B hydraulic hydrated 
lime.” 

Section 5.—Delete the phrase “For 
type A hydraulic hydrated lime.” 

Section 6.—Delete the phrase “For 
both types A and B hydraulic hydrated 
lime.” 

Section 7.—Delete 
delete Paragraph (0). 

Section 15.—Replace with the follow- 
ing new paragraph under the heading 
“Temperature and Humidity”: 


“(a) Type A”; 


15. The temperature of the air in the vicinity 
of the mixing slab and the dry materials, molds, 
base plates, and mixing bowl, shall be maintained 
between 20 and 27.5 C (68 and 81.5 F). The 
temperature of the mixing water, moist closet or 
moist room, and water in the storage tank shall 
not vary from 23 C (73.4 F) by more than +1.7 
C (3 F). The moist closet or moist room shall 
be so constructed as to provide storage facilities 
for test specimens at a relative humidity of not 
less than 90 per cent. 


Section 20.—Change the reference to 
read “in accordance with the Method of 
Test for Time of Setting of Hydraulic 
Cements by Gillmore Needles (ASTM 
Designation: C 266).” 

Section 25.—In line 5 put a comma 
after the word “mortar.” 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for six or more years 
without revision: 


Standard Specifications for: 


Normal Finishing Hydrated Lime (C 6-49), 

Quicklime and Hydrated Lime for Cooking of 
Rags in Paper Manufacture (C 45 - 25), 

Quicklime for Sulfite Pulp Manufacture (C 46 - 
27), 

Special Finishing Hydrated Lime (C 206 — 49), 

Hydrated Lime for Masonry Purposes (C 207 - 
49), 


Quicklime for Calcium Carbide Manufacture 
(C 258-52), and 
Hydrated Lime for 

(C 259 - 52). 


Standards Definitions of Terms Relating to: 
Lime (C 51 - 47). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 


Tentative Specifications for: 

Quicklime and Hydrated Lime for Water 
Treatment (C 53-52 T), 

Fly Ash for Use as a Pozzolanic Material with 
Lime (C 379 - 56 T), 

Quicklime and Hydrated Lime for Sand-Lime 
Products (C 415 58 T), 

Pozzolans for Use with Lime (C 432 - 59 T), and 

Quicklime and Hydrated Lime for Hypochlorite 
Bleach Manufacture (C 433 - 59 T). 


Grease Manufacture 


EDITORIAL CHANGE 


The committee recommends an edi- 
torial change as follows in the Tentative 
Method of Testing Quicklime and 
Hydrated Lime for Neutralization of 
Waste Acid (C 400 — 57 T):! 

Section 6(a)(1).—Delete the phrase 
‘in 30 sec” in line 12. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which 
will be reported at the Annual Meeting.” 


This report has been submitted to 
letter ballot of the committee, which 
consists of 51 members; 36 members 
returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
F. Krtece, 
Chairman. 


L. E. JOHNSON, 
Secretary. 
2 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Committee C-8 on Refractories held 
two meetings during the year: the ninety- 
eighth at Bedford Springs, Pa., on Oct. 
6, 1960; and the ninety-ninth at Cincin- 
nati, Ohio on Jan. 31, 1961. 

The committee consists of 48 mem- 
bers, of whom 26 are classified as pro- 
ducers, 17 as consumers, and 5 as general 
interest members. 


New TENTATIVES 


The committee recommends for publi- 
cation as tentative the following classifi- 
cations as appended hereto:! 


Classifications of: ove 
Mullite Refractories, and 
Refractory Granular Dolomite. (2 Oke 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
as appended hereto’? of the following 
tentatives and their continuation as 
tentative: 


Tentative Methods of Test for: o bowk 


Modulus of Rupture of Castable Refractories 
(C 268-55 T), and 

Permanent Linear Change on Firing of Castable 
Refractories (C 269 - 57 T). 


Tentative Specifications for: 
Steel Pouring Pit Refractories (C 435 - 59 T). 


*Sixty-fourth Annual Meeting of the 
Society, June 25-30, 1961. 

1 The new tentatives appear in the 1961 Book 
of ASTM Standards, Part 5. 

2 The revised tentatives appear in the 1961 
Book of ASTM Standards, Part 5. 
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TENTATIVE REVISIONS OF STANDARDS 

The committee recommends tentative 
revisions as indicated of the following 
standards: 


Classification of Fireclay and High- 
Alumina Refractory Brick (C 27 - 60): 
Section 2(b).—Add the following new 

classes: “85 per cent alumina, 90 per 

cent alumina, and 99 per cent alumina.” 
Table I.—Add requirements for the 
new classes as follows: 
High-Alumina Brick 
85 per cent alumina... . 


Other Test Requirements 

Alumina content, 85 + 
2.0 per cent 

Alumina content, 90 + 
2.0 per cent 

Alumina content, min- 
imum of 97 per 
cent 


Method for Basic Procedure in Panel 
Spalling Test for Refractory Brick 
(C 38-58)? 

Section 4.—Change the fourth sentence 
to read as follows: 

The 9 by 44-in. and 44 by 24-in. or 3-in. faces 
of all test brick on the panel shall be first coated 
with primer coating, allowed to dry, and then 
laid up with refractory kaolin having a PCE 
value of not less than Cone 34, 

Add the following two notes to Section 
4; 


90 per cent alumina.... 


99 per cent alumina... . 


Note 1.—Primer Coat Composition and 

Preparation: 

Minus 60-mesh, pure, sintered or 
fused alumina (similar in grade 
to T-61 tabular alumina)...... 

Raw white starch (household 


31958 Book of ASTM Standards, Part 5. 
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45.0 per cent 
Preservative.—Benzoic acid, 1.25 g per 100 g 
batch. 

The starch is available at all grocery stores. 
It must be prepared by cooking with heat. For 
the cooking procedure, follow the instructions 
_ on the container. To the cooked starch, add the 
_ alumina and benzoic acid. The percentage of 

water prescribed should produce a primer mix- 

ture of thick paint consistency. It is normal to 
Jose about 15 to 20 ml of water per 1000-g batch 

in the cooking operation. Water lost in the 
4 cooking procedure should be replaced for proper 
consistency control. 

_ Nore 2.—Application: 

Apply the wet primer with a paint brush on 

“the dry brick using about 2 oz per brick. Dry 
at normal room temperature and finally apply 
_ the refractory kaolin. 


_ Definitions of Terms Relating to Refrac- 
tories (C 71 55) 


New Definitions.—Under the heading 
_ “Materials,” add the following new 
definitions: 


Anthracite Coal Base Carbon Refractory.— 
A manufactured refractory comprised sub- 
stantially of calcined anthracite coal. 

Petroleum Coke Base Carbon Refractory.— 
A manufactured refractory comprised sub- 

— stantially of calcined petroleum coke. 

_ Graphite Base Carbon Refractory.—A manu- 
factured refractory comprised substantially 
of graphite. 

_ Metallurgical Coke Base Carbon Refractory. 
—A manufactured refractory comprised sub- 
stantially of metallurgical coke. 

Insulating Fire Brick.—A refractory brick 
characterized by low thermal conductivity 
and low heat capacity. 

Ladle Brick.—Fireclay brick suitable for 
lining ladles used to contain molten steel. 
Molten Cast Refractory.—A solidified ma- 
terial made by melting refractory ingredients 

and pouring into molds. 

Plastic Refractory.—A refractory material 
tempered with water which can be extruded 
and which has suitable workability to be 
pounded into place to form a monolithic 
structure. 

Pouring Pit Refractory.—A refractory as- 
sociated with the transfer or flow control of 
molten steel between furnace and mold. 

Ramming Mix.—A refractory material tem- 
pered with water, which cannot be extruded 

but which has suitable properties to permit 


ramming into place to form a monolithic 
structure. 

Neutral Refractories.—Refractories which 
are resistant to chemical attack by both acid 
and basic slags, refractories or fluxes at high 
temperatures. 

Porosity.—The percentage of the total volume 
of a material occupied by both open and 
closed pores. 


Method of Panel Spalling Test for High 
Duty Fireclay Brick (C 107 
Section 4(a).—Change to read as 

follows: 


4. (a) The test brick shall be primed with the 
alumina coating and laid up with refractory 
kaolin as outlined in Method C 38, Section 4. 


Method of Panel Spalling Test for Super 
Duty Fireclay Brick (C 122 - 52): 


Section 4(a).—Change to read as 
follows: 
4. (a) The test brick shall be primed with the 


alumina coating and laid up with refractory 
kaolin as outlined in Method C 38, Section 4. 


Classification of Insulating Fire Brick 

(C 155 

Table I.—Add a new Group 30, with 
reheat change test conducted at 2950 F 
(1620 C), with bulk density not greater 
than 68 lb per cu ft. 

Section 3(a).—Change to read as fol- 
lows: 

3. (a) Bulk Density (Weight per cu ft).— 
Methods of Test for Size and Bulk Density of 
Insulating Fire Brick (C 437-59 T). 


Method of Panel Spalling Test for Fire- 
clay Plastic Refractories (C 180 52):° 


Section 5(a).—Change to read as 
follows: 


5. (a) The test brick shall be primed with the 
alumina coating and laid up with refractory 
kaolin as outlined in Method C 38, Section 4. | 


REVISION OF TENTATIVE REVISIONS 
The committee recommends revisions 


as indicated of the following tentative 
revisions and their continuation as tenta- 


Definition of Terms Relating to Refrac- 
tories (C 71-55) 


Revised Definitions.—Revise the defi- 
nitions in the Tentative Revisions‘ of 
June 1960, as follows: 


Acid Refractories.—Refractories containing a 
substantial amount of silica which 
may react chemically with basic refractories, 
basic slags or basic fluxes at high tempera- 
tures. 

Basic whose 
major constituent is magnesia, lime or both 
and which react chemically with acid refrac- 
tories, acid slags or acid fluxes at high tem- 
peratures. 


* Commercial use of this term also includes 
refractories made of chrome ore or combina- 
tions of chrome ore and dead-burned magnesite. 


Dead-burned (adj.).—The state of a basic 
refractory material resulting from a heat 
treatment which yields a product resistant to 
atmospheric hydration or carbonation. 

Grain Magnesite.—Dead-burned magnesite in 
granular form of size suitable for refractory 
purposes. 

Grog.—A granular material produced from 


calcined or burned refractories, usually 
alumino-silica. 
Ground Fireclay Mortar.—A_ refractory 


mortar consisting of finely ground raw 
fire clay. 

Burn (n).—The heat treatment to which re- 
fractory materials are subjected in the firing 
process. 

Calcine (m).—Refractory material, often fire 
clay, which has been heated to eliminate 
volatile constituents and to produce desired 
physical changes. 

Bloating of Refractories.—Substantial swell- 
ing produced by a heat treatment which 
causes the formation of a vesicular structure. 


Specification for Refractories for In- 
cinerators (C 106 51):? 


Table I—In the Tentative Revision 
of June 1960, change the requirement for 
the CaO, max, chemical composition of 
bonded silicon carbide from 0.5 to 0.6 
per cent. 


41960 Supplement to Book of ASTM Stand- 


REVISION OF STANDARD AND REVERSION 
TO TENTATIVE 
The committee recommends revisions 
as appended hereto® of the Standard 
Specification for Fireclay-Base Castable 
Refractories for Boiler Furnaces and 
Incinerators (C 213 58).' 


ADOPTION OF TENTATIVES AS STANDARD 
WitHovuT REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without revi- 
sion: 

Methods of Test for: 
Reheat Change of Carbon Brick and Shapes 

(C 436 - 59 T), 

Size and Bulk Density of Insulating Fire Brick 

(C 437 - 59 T), 

Thermal Conductivity of Plastic Refractories 

(C 438-59 T), and 
Resistance to Thermal Spalling of Silica Brick 

(C 439-59 T). 


Specifications for: 

Insulating Fire Brick for Linings of Industrial 
Furnaces Operated with a Neutral or Oxidiz- 
ing Atmosphere (C 434-59 T). 


ADOPTION OF TENTATIVE REVISIONS AS 
STANDARD 


The committee recommends that the 
tentative revisions® of Table I of the 
Standard Method of Test for Reheat 
Change of Refractory Brick (C 113 — 46)* 
be approved for reference to letter ballot 
of the Society for adoption as standard. 


REVISION OF STANDARDS, IMMEDIATE 


ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and accord- 
ingly requests the necessary nine-tenths 
affirmative vote at the Annual Meeting 

5 The revised tentative appears in the 1961 
Book of ASTM Standards, Part 5. 


® 1959 Supplement to Book of ASTM Stand- 


a 
‘ 


in order that the revisions may be 
referred to letter ballot of the Society: 


Specification for Refractories for Malle- 
able Iron Furnaces with Removable 
Bungs and for Annealing Ovens 

(C 63 - 

These specifications were extensively 
revised and are appended hereto in their 
proposed form:’ 


Specification for Refractories for Heavy 
Duty Stationary Boiler Service 
(C 64-51)? 

These specifications were extensively 
revised and are appended hereto in their 
proposed form: 


Specification for Refractories for Moder- 
ate Duty Stationary Boiler Service 
(C 153-51): 

These specifications were extensively 
revised and are appended hereto in their 
proposed form:’ 


Method of Test for Reheat Change of 
Insulating Fire Brick (C 210 —- 46)? 


Table I.—Add the following new heat- 
ing schedule for group 30 Insulating 
Fire Brick: 


Allowable 


Elapsed Time 
from Start Temperature Group 30 2950 F 
of Heating viation Test 
+50 F 1750 F 
+35 F 2130 F 
+20F 2370 F 
+15F 2560 F 
eee +15F 2680 F 
+15F 2810 F 
+15F 2880 F 
ee +15F 2930 F 
+15F 2950 F main- 
tained for 24 
hr 


REAPPROVAL OF STANDARDS 


The committee recommends the reap- 
proval of the following standards that 
have stood for six or more years without 
revision: 


7 The revised standards appear in the 1961 
Book of ASTM Standards, Part 5. 
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Methods of Test for: 


Apparent Porosity, Water Absorption, Apparent 
Specific Gravity, and Bulk Density of Burned 
Refractory Brick (C 20 — 46), 

Sieve Analysis and Water Content of Refractory 
Materials (C 92 — 46), 

Crushing Strength and Modulus of Rupture of 
Insulating Fire Brick at Room Temperature 
(C 93 54), 

Cold Crushing Strength and Modulus of Rup- 
ture of Refractory Brick and Shapes 
(C 133 - 55), 

Size and Bulk Density of Refractory Brick 
(C 134-41), 

Warpage of Refractory Brick and Tile (C 
154-41), 

Combined Drying and Firing Shrinkage of 
Fireclay Plastic Refractories (C 179 — 46), 
Panel Spalling Test for Fireclay Plastic Re- 

fractories. (C 180 52), 

Workability Index of Fireclay Plastic Refrac- 
tories (C 181 - 47), 

Cold Bonding Strength of Air-Setting Refrac- 
tory Mortar (Wet Type) (C 198 - 47), and 
Refractoriness of Air-Setting Refractory Mortar 

(Wet Type) (C 199 — 47). 


Classification of: 


Single- and Double-Screened Ground Refractory 
Materials (C 316-55). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 


1 
ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Industrial Survey 
(A. Maupin, chairman) has completed 
the survey of refractories for the copper 
industry and is working on a revision of 
refractories for incinerators. Revision of 
surveys on refractories for blast furnaces, 
electric furnaces, portland cement indus- 
try and lime industry is planned. 

Subcommitiee II on Research (A. 
Allen, chairman) has proposed that the 
activities of the committee include a 
technical symposium as a part of Com- 
mittee C-8 meetings and that a more 
active role be taken in visiting ceramic 


8 The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


— 


schools. The prime function of the com- 
mittee would be to stimulate interest in 
research and to improve communica- 
tions and education along these lines. 

Subcommittee III on Tests (S. M. 
Phelps, chairman) has investigated the 
possibility of simplifying reheat test 
schedules but concludes that no change 
is desired and no real problem exists. 

Section A on Load (D. Stock, chair- 
man) is investigating test procedures 
and equipment to determine hot modulus 
of rupture on refractories. Work is also 
being done on modulus of rupture of 
arch, wedge, and circle brick. 

Ad Hoc Section on Long Time Load 
Testing (K. Babb, chairman) is investi- 
gating methods to determine creep in 
refractory materials under long time 
load tests. Semi-silica, 60 per cent 
alumina, and mullite brick are included 
in the first set of samples for comparative 
testing. 

Section B on Spalling (L. Trostel, 
chairman) has made revisions in the four 
spalling test methods C 38, C 107, C 122, 
and C 180 for the use of a primer coat of 
alumina on test samples before kaolin 
mortar is applied. The precision of the 
spalling test is under study as well as a 
procedure for testing basic brick. 

Section C on Temperature (J. L. 
Carruthers, chairman) reported on the 
new National Bureau of Standards 
pyrometric cone equivalent furnace. 
Results to date have not been encourag- 
ing. 

Section E on Chemical Analysis 
(E. P. Pearson, chairman) has been 
investigating test methods for the deter- 
mination of titania and sulfur in dolo- 
mitic refractories, boron in basic refrac- 
tories, and sodium silicate in mortars 
and castables. 

Task Group on Hydration (G. Eus- 
ner, chairman) is continuing work on 
periclase and magnesia products and is 
starting on testing of dolomitic materials. 
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Section F on Refractory Insulation 
(T. Brady, chairman) has proposed the 
addition of a group 30 classification to 
the Insulating Firebrick Classification 
C 155. Test requirements and procedures 
have been established. 

Section G on Porosity and Permanent 
Volume Change (D. Rice, chairman) has 
been working on methods to determine 
bulk density, true specific gravity, and 
porosity of hydratable materials. 
Methods for determining end trueness 
of sleeves are being studied. 

Section H on Mortars, Plastics, and 
Castables (G. H. Anthony, chairman) has 
proposed revisions of Methods C 268 and 
C 269 on the preparation of castable 
test samples to include the use of the 
consistency meter developed by the 
Mellon Institute. 

Section K on Corrosion Test for 
Glass Tank Refractories (H. D. Prior, 
chairman) is investigating test methods 
to evaluate resistance of various refrac- 
tories to glass corrosion. An interlabora- 
tory series of tests is being prepared to 
determine the factors affecting test 
results. 

Subcommittee IV on Heat Transfer 
(C. L. Norton, chairman) is reviewing 
information available on the use of a 
hot-wire method of measuring thermal 


conductivity and the measurement of 
conductivity on highly conductive ma- 
terials. 

Subcommitiee VII on Specifications 
(J. D. Sullivan, chairman) has proposed 
tentative revisions of Methods C 63, 
C 64, C 153, and C 213. 

Ad Hoc Section on Pouring Pit Refrac- 
tories has withdrawn Specification C 435 
for pouring pit refractories and resub- _ 
mitted it as a classification. 

Subcommitiee VIII, Editorial (F. W. 
Schroeder, chairman) has reviewed the 
proposed revisions of the committee 
recommendations. Considerable revision 


of Method C 18 is in process. ~~ a 


- = 
> 
i 
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Subcommitiee IX om Classifications 
(J. A. Kayser, chairman) has under 
review proposed classifications or revi- 
sion of classifications on basic refrac- 
tories, steel pouring pit refractories, 
fireclay and high-alumina refractories 
and insulating firebrick. 

Subcommittee XI on Special Refrac- 
tories (A. Maupin, chairman) is continu- 
ing work on a classification for mullite 
and silicon carbide refractories. 

Subcommitiee XII on Carbon Refrac- 
tories (E. B. Snyder, chairman) is further 
investigating permeability of refractories 
and a test for resistance of carbon 
refractories to alkali attack. 

Subcommitiee XV on Basic Granular 
Refractories (B. L. Dorsey, chairman) is 


af 
ay 


be 


i ahd ote effet t¥o1 


on 


working on a classification of magnesia 
and various tests to determine the physi- 
cal and chemical properties of basic 
granular materials. 


This report has been submitted to a 
letter ballot of the committee, which 
consists of 48 members; 43 members 
returned their ballots, of whom 42 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
of the committee, 


J. J. Haze, 


; 
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REPORT OF COMMITTEE C-9 
atic 
CONCRETE AND CONCRETE AGGREGATES* nl} 


Committee C-9 on Concrete and Con- 
crete Aggregates held two meetings 
during the year: on June 29, 1960, during 
the Annual Meeting of the Society in 
Atlantic City, N. J., and on Dec. 9, 
1960, in Denver, Colo. 

At its June meeting, the committee 
adopted memorials to H. F. Thomson, a 
member of the committee since 1952, 
who died on November 7, 1959; P. D. 
Miesenhelder, a member of the commit- 
tee since 1951, who died on November 
17, 1959; P. J. Freeman, an Honorary 
Member and member of the committee 
since 1923, who died in November, 1959; 
and James Murray, a member of the 
committee since 1952, who died on 
March 5, 1960. At its December meeting, 
the committee adopted a memorial to 
H. F. Clemmer, a member of the com- 
mittee since 1923, who died on October 
5, 1960. 

At its December meeting, the Execu- 
tive Subcommittee elected Fred Hubbard 
to Honorary Membership. 

The Sanford E. Thompson Award, 
established by the committee in 1938, 
will be made this year to Messrs. Leonard 
Pepper and Bryant Mather, of the U. S. 
Army Engineer Waterways Experiment 
Station, Concrete Division, for their 
paper entitled “Effectiveness of Mineral 
Admixtures in Preventing Excessive 
Expansion of Concrete Due to Alkali- 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 
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Aggregate Reaction,” which was pre- 
sented at the 62nd Annual Meeting of 
the Society, June, 1959, and was pub- 
lished in the 1959 Proceedings. 


NEw TENTATIVES 


The committee recommends for publi- 
cation as tentative the following method 
and specification as appended hereto!: 


Tentative Method of Test for: 


Static Young’s Modulus of Elasticity and Pois- 
son’s Ratio in Compression of Cylindrical 
Concrete Specimens. 


Tentative Specifications for: 


Single-Use Molds for Forming 6 by 12-in. 
Concrete Compression Test Cylinders. 


REVISION OF TENTATIVES _ 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Tentative Method of Test for Rate of 
Hardening of Mortars Sieved from 
Concrete Mixtures by Proctor Pene- 
tration Resistance Needles (C 403 - 
57 T):? 


Revise as appended hereto.’ 


1 The new tentatives appear in the 1961 Book 
of ASTM Standards, Part 4. 

21958 Book of ASTM Standards, Part 4. 

3 The revised tentative appears in the 1961 
Book of ASTM Standards, Part 4. 
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Tentative Method of Test for Soundness 
of Aggregates by Use of Sodium Sul- 
fate or Magnesium Sulfate (C 88 - 
59 T):* 


Section 5(c).—Delete this paragraph. 
Section 6(b)—Change to read as 
follows: 


(6) Drying Samples After _Immersion.—Aiter 
the immersion period the aggregate sample 
shall be removed from the solution, permitted 
to drain for 15 + 5 min and placed in the drying 
oven. The temperature of the oven shall have 
been brought previously to 221 to 230 F (105 to 
110 C). The samples shall be dried at the speci- 
fied temperature until constant weight has been 
achieved. During the drying period the samples 
shall be removed from the oven, cooled to 
room temperature, and weighed at time in- 
tervals of not less than 4 hr nor more than 18 
hr. Constant weight may be considered to have 
been achieved when two successive weights for 
any one sample, made as described above, 
differ by less than 0.1 g, in the case of fine 
aggregate samples; or by less than 1.0 g in the 
case of coarse aggregate samples. After constant 
weight has been achieved the samples shall be 
allowed to cool to room temperature, when they 
shall again be immersed in the prepared solu- 
tion as described in Paragraph (a). 


Section 7—In Paragraph (6) change 
the first sentence to read as follows: 


After the sodium sulfate or magnesium sulfate 
has been removed, each fraction of the sample 
shall be dried to constant weight at 221 to 230 
F (105 to 110 C), and weighed. The fine aggregate 
shall be sieved over the same sieve on which it 
was retained before the test, and the coarse 
aggregate shall be sieved over the sieve shown 
below for the appropriate size of particle. 


Delete Paragraph (c), including the 
note. 

Section 9—In Paragraph (0), delete 
the initial phrase “Except in the case 
of ledge rock.” 

Delete Paragraph (e), and reletter 
Paragraph (f) as Paragraph (e). 


#1959 Supplement to Book of ASTM Stan- 
dards, Part 4. 


Tentative Method of Test for Potential 
Alkali Reactivity of Cement-Aggregate 
Combinations (Mortar Bar Method) 
(C 227 — 60 T): 


Section 9.—Change Item (5) to read: 
“(5) Any relevant information concern- 
ing the preparation of aggregates in- 
cluding the grading of the aggregate 
differing from that given in Section 
4(b).” 

Add a new Item (8) to read: “(8) 
Type, source, proportions, and chemical 
analyses, including Na,O and K,0O, of any 
pozzolans employed in the tests.” 


Tentative Method of Test for Potential 
Reactivity of Aggregates (Chemical 
Method) (C 289 —- 57 T)2 


Section 1.—In line 1, insert the word 
“chemical” before the last word. 

Section 4(a).—Add the following sen- 
tence at the end of this paragraph: 
“Store the solution in a polyethylene 
container and protect from contamina- 
tion by carbon dioxide.” 

Section 6(c).—Insert an additional 
sentence immediately prior to the last 
sentence to read as follows: 


If inspection of the sample indicates the 
presence of silty or clayey coatings on particles, 
repeat the washing and drying procedure, and 
sieve as before over the No. 100 sieve. 


Section 7(a).—In the second and third 
sentences, insert the words “by means 
of a pipette and buret” before the word 
“add.” 

Section 7(e).—At the end of this 
section, add a new note reading as 
follows: 


Nore.—If the diluted filtrate is not to be 
analyzed within 4 hr following completion of the 
filtration, transfer the solution to a clean, dry 
polyethylene container and close the container by 
means of a stopper or tight-fitting cap or lid. 


51960 Supplement to Book of ASTM Stan- 
dards, Part 4. 
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Section 11.—Insert a sentence at the 
end of Paragraph (a) to read as follows: 


Do not use a standard silica solution older 
than one year, since dissolved ionic silica in 
such a solution slowly polymerizes, causing 
spuriously low photometric readings. 


In Paragraph (6), replace the present 
second sentence with the following: 
“Tf the solution is not clear, filter 
through a tight filter paper. Store the 
solution in a chemically resistant glass 
bottle coated on its interior with paraffin, 
or in a plastic bottle.” 

Section 12(a).—In the last sentence, 
change “5 min” to read “5.0 + 0.1 
min.” 

Section 15.—In the first sentence of 
Paragraph (a), change “(1-5)” to 
read “(1-7).” 

Insert a new Paragraph (c) to read as 
follows, relettering the present Para- 
graph (c) as Paragraph (d): 

(c) Data show that aggregates represented by 
data points falling to the right of the boundary 
line shown in Fig. 2 and above a line extending 
from about point Re = 75, Sc = 70 to a point 
Re = 125, Sc = 1000 may be sufficiently alkali- 
reactive to produce comparatively low expansion 
when tested in accordance with Method of Test 
for Potential Alkali Reactivity of Cement- 
Aggregate Combinations (ASTM Designation: 
C 227). In this circumstance, the results of the 
chemical test should be accepted as indicating a 
potentially deleterious degree of alkali reac- 
tivity unless the innocuous character of the 
aggregate is demonstrated by supplementary 
tests in accordance with Method C 227 of 
several mixtures of the test aggregate and an 
essentially inert aggregate, such as properly 
graded quartz, Ottawa sand, or chert-free 
limestone. The mixtures should represent a 
series of proportions of the test aggregate and 
essentially inert aggregate ranging from about 
5:95 to 50:50 by weight. 


References.—Add references (6) and 
(7) as follows: 


(6) R. C. Mielenz and E. J. Benton, “Evalua- 
tion of the Quick Chemical Test for Alkali 
Reactivity of Concrete Aggregate,” Bulletin 
171, Highway Research Board, p. 1 (1958). 

(7) Bernard Chaiken and W. J. Halstead, 


“Correlation Between Chemical and Mortar 
Bar Tests for Potential Alkali Reactivity 
of Concrete Aggregates,” Public Roads, 
Vol. 30, p. 177 (1959) 


Tentative Method of Test for Resis- 
tance of Concrete Specimens to 
Rapid Freezing and Thawing in 
Water (C 290 - 57 T):? . 


Section 2(a).—In Item (1) insert the 
phrase, “continuously and automati- 
cally,” after the word “produce” in 
line 8 and add the following new sen- 
tence to the end of the paragraph: 


In the event that the equipment does not 
operate automatically, provision shall be made 
for either its continuous manual operation on 
a 24hr a day basis or for the storage of all 
specimens in a frozen condition when the equip- 
ment is not in operation. 


Section 3—Change Section 3 includ- 
ing the note to read as follows: 


3. Conformity with the requirements for 
the freezing-and-thawing cycle shall be based on 
temperature measurements of control specimens 
of similar concrete to the specimens under test 
in which suitable temperature-measuring devices 
have been imbedded. The position of these 
control specimens shall be changed frequently 
in such a way as to indicate the extremes of 
temperature variation at different locations in 
the specimen cabinet. The nominal freezing- 
and-thawing cycle for this method shall consist 
of alternately lowering the temperature of the 
specimens from 40 to 0 F and raising it from 
0 to 40 F in not less than 2 nor more than 4 
hr, of which not less than 25 per cent of the 
time is used for thawing (Note). At the end of 
the cooling period the temperature at the centers 
of the specimens shall be 0 + 3 F, and at the 
end of the heating period shall be 40 + 3 F, 
with no specimen at any time reaching a tem- 
perature lower than —3 F nor higher than 43 F. 
The time required for the temperature at the 
center of any single specimen to be reduced from 
37 to 3 F shall be not less than half the length 
of the cooling period, and the time required for 
the temperature at the center of any single 
specimen to be raised from 3 to 37 F shall be 
not less than half the length of the heating 
period. For specimens to be compared with 
each other, the time required to change the 
temperature at the center of any specimen from 


od 
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35 to 10 F shall not differ by more than one-sixth 
the length of the cooling period from the time 
required for any other specimen, and the time 
required to change the temperature at the center 
of any specimen from 10 to 35 F shall not differ 
by more than one-third the length of the heating 
period from the time required for any other 
specimen. The difference between the tempera- 
ture at the center of a specimen and the temper- 
ture at its surface shall at no time exceed 50 F. 

Nore.—In most cases, uniform temperature 
and time conditions can be controlled most 
conveniently by maintaining a capacity load of 
specimens in the equipment at all times. In the 
event that a capacity load of test specimens is 
not available, dummy specimens can be used to 
fill empty spaces. This procedure also assists 
greatly in maintaining uniform fluid level 
conditions in the specimen and solution tanks. 
The dummy specimens should be replaced 
from time to time as they deteriorate under 
exposure. 

The testing of concrete specimens com- 
posed of widely varying materials or with widely 
varying thermal properties, in the same equip- 
ment at the same time, may not permit adherence 
to the time-temperature requirements for all 
specimens. It is suggested, when practical, that 
such specimens be tested at different times and 
that appropriate adjustments be made to the 
equipment. 


Section 5.—Add a new Paragraph (d) 
to read as follows: 


(d) If, due to equipment breakdown or for 
other reasons, it becomes necessary to interrupt 
the cycles for a protracted period, the specimens 
shall be maintained in a frozen condition in the 
containers and surrounded by ice, if possible. 
If it is not possible to store the specimens in 
their containers, they shall be wrapped and 
sealed, in as wet a condition as possible, in 
moistureproof material to prevent dehydration 
and stored in a refrigerator or cold room main- 
tained at 0 + 3 F. Judgment must be exercised 
in determining what is a protracted period. In 
general specimens remaining in a _ thawed 
condition for more than two cycles is undesirable 
but a longer period may be permissible if this 
occurs only once or twice during a test. 


Section 6(a).—Change to read as 
follows: 


6. (a) Relative Dynamic Modulus of Elasticity, 
per cent.—Numerical values of relative dynamic 
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modulus of elasticity shall be calculated by 
the following equation: 


me, im Say 


P. = relative dynamic modulus of elasticity, 
per cent, after c cycles of freezing and 
thawing, 

n = fundamental transverse frequency at 0 
cycles of freezing and thawing, and 

m, = fundamental transverse frequency after 
c cycles of freezing and thawing. 

Note.—This calculation of relative dynamic 
modulus of elasticity is based on the assumption 
that the weight and dimensions of the specimen 
remain constant throughout the test. This 
assumption is not true in many cases due to 
disintegration of the specimen. However, if 
the test is to be used to make comparisons be- 
tween the relative dynamic moduli of different 
specimens or of different concrete formulations, 

P, as defined is adequate for the purpose. 


Tentative Method of Test for Resist- 
ance of Concrete Specimens to Rapid 
Freezing in Air and Thawing in 
Water (C 291 — 57 T)? 


Section 2(a).—Revise as_ indicated 
above for Section 2(a) of Method C 290. 

Section 3.—Change Paragraph (a) to 
read as follows: 


3. (a) Conformity with requirements of 
Paragraphs (b) and (c) shall be based on tem- 
perature measurements of control specimens of 
similar concrete to the specimens under test 
in which suitable temperature measuring devices 
have been imbedded. The position of these 
control specimens shall be changed frequently 
in such a way as to indicate the extremes of 
temperature variation at different locations in 
the specimen cabinet. 

Note.—In most cases, uniform temperature 
and time conditions can be controlled most 
conveniently by maintaining a capacity load of 
specimens in the equipment at all times. In the 
event that a capacity load of test specimens is 
not available, dummy specimens can be used to 
fill empty space. The dummy specimens shall 
be replaced from time to time as they deteriorate 
under exposure. 

The testing of concrete specimens composed 
of widely varying materials or with widely 
varying thermal properties in the same equip- 


ment at the same time, may not permit ad- 
herence to the time-temperature requirements 
for all specimens. It is suggested, when practical, 
that such specimens be tested at different times 
and that appropriate adjustments be made to 
the equipment. 


Change Paragraph (6) to read as 
follows: 


(b) The nominal freezing-and-thawing cycle 
for this method shall consist of alternately 
lowering the temperature of the specimens from 
40 to 0 F in a period of not more than 3 hr and 
raising it from 0 to 40 F in a period of not more 
than 1 hr. At the end of the cooling period the 
temperature at the centers of the specimens 
shall be 0 + 3 F, and at the end of the heating 
period shall be 40 + 3 F, with no specimen at 
any time reaching a temperature lower than 
—3 F nor higher than 43 F. The time required 
for the temperature at the center of any single 
specimen to be reduced from 37 to 3 F shall be 
not less than half the length of the cooling 
period, and the time required for the temperature 
of any single specimen to be raised from 3 to 37 
F shall be not less than half the length of the 
heating period. For specimens to be compared 
with each other, the time required to change the 
temperature at the center of any specimen from 
35 to 10 F and from 10 to 35 F shall not differ 
by more than one-sixth the length of the cooling 
and heating periods respectively, from the time 
required for any other specimen. 


Delete Paragraph (e). 
Section 5.—Add a new Paragraph (d) 
to read as follows: 


(d) If, due to equipment breakdown or for 
other reasons, it becomes necessary to interrupt 
the cycles for a protracted period, the specimens 
shall be wrapped and sealed in moistureproof 
material to prevent dehydration, and main- 
tained in a frozen condition in a refrigerator or 
cold room maintained at 0 + 3 F. In general, 
specimens remaining in a thawed condition for 
more than two cycles is undesirable but a longer 
period may be permissible if this occurs only 
once or twice during a test. 


Section 6 (a).—Revise to read as indi- 
cated above for Section 6(@) of Method 
C 290. 


Tentative Method of Test for Re- 
sistance of Concrete Specimens to 
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Slow Freezing and Thawing in Water 
or Brine (C 292 — 57 T):? 


Section 3.—Change to read as follows: 


3. Conformity with the requirements for the 
freezing-and-thawing cycle shall be based on 
temperature measurements of control specimens 
of similar concrete to the specimens under test 
in which suitable temperature-measuring devices 
have been imbedded. The position of these con- 
trol specimens shall be changed frequently in 
such a way as to indicate the extremes of 
temperature variation at different locations in 
the specimen cabinet. The nominal freezing 
and thawing cycle for this method shall consist 
of alternately lowering the temperature of the 
specimens from 73.4 to 0 F in 18 to 24 hr and 
raising the temperature of the specimens from 
0 to 73.4 F in 18 to 24 hr (Note). At the end of 
the cooling period the temperature at the 
centers of the specimens shall be 0 + 3 F, and 
at the end of the heating period, the temperature 
at the centers of the specimens shall be 73.4 + 
3 F, with no specimen at any time reaching a 
temperature lower than —3 F nor higher than 
76.4 F, The time required for the temperature 
at the center of any single specimen to be reduced 
from 70.4 to 3 F or raised from 3 to 70.4 F 
shall be not less than 18 nor more than 24 hr. 
For specimens to be compared with each other, 
the time required to change the temperature at 
the center of any single specimen from 60 to 10 F 
and from 10 to 60 F shall not differ by more than 
30 minutes from that required for any other 
specimen. The difference between the tem- 
perature at the center of a specimen and the 
temperature at its surface shall at no time 
exceed 50 F, 

Note.—In most cases, uniform temperature 
and time conditions can be controlled most 
conveniently by maintaining a capacity load 
of specimens in the equipment at all times. 
In the event that a capacity load of test speci- 
mens is not available, dummy specimens can 
be used to fill empty spaces. This procedure 
also assists greatly in maintaining uniform fluid 
level conditions in the specimen and solution 
tanks. The dummy specimens shall be replaced 
from time to time as they deteriorate under 
exposure. 

The testing of concrete specimens composed 
of widely varying materials or with widely 
varying thermal properties, in the same equip- 
ment at the same time, may not permit ad- 
herence to the time-temperature requirements 
for all specimens. It is suggested, when practical, 
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that su-h specimens be tested at different times 
and that appropriate adjustments be made to 
the equipment. 


Section 5.—Add the following two 
sentences to the end of Paragraph (c): 


This provision applies whenever circum- 
stances arise that would require any freezing- 
and-thawing cycle to take more than 48 hr, 
such as over weekends. At such times the 
freezing period shall be extended to include all 
the extra time. 


Add a new Paragraph (d) as indicated 
above for Section 5(d) of Method C 290. 

Section 6(a).—Revise to read as 
indicated above for Section 6(a) of 
Method C 290. 


Tentative Method of Test for Resistance 
of Concrete Specimens to Slow 
Freezing in Air and Thawing in 
Water (C 310 — 57 T):? 


Section 3.—Change Section 3 to read 
as follows: 


3. (a) Conformity with the requirements of 
Paragraph (6) shall be based on temperature 
measurements of control specimens of similar 
concrete to the specimens under test in which 
suitable temperature-measuring devices have 
been imbedded. The position of these control 
specimens shall be changed frequently in such a 
way as to indicate the extremes of temperature 
variation at different locations in the specimen 
cabinet. 

Nore 1.—In most cases, uniform tempera- 
ture and time conditions can be controlled 
most conveniently by maintaining a capacity 
load of specimens in the equipment at all times. 
In the event that a capacity load of test speci- 
mens is not available, dummy specimens can 
be used to fill empty space. The dummy speci- 
mens shall be replaced from time to time as 
they deteriorate under exposure. 

The testing of concrete specimens composed 
of widely varying materials or with widely 
varying thermal properties, in the same equip- 
ment at the same time, may not permit ad- 
herence to the time-temperature requirements 
for all specimens. It is suggested when practical 
that such specimens be tested at different times 
and that appropriate adjustments be made to 
the equipment. 

(b) The nominal freezing-and-thawing cycle 
for this method shall consist of alternately 
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lowering the temperature of the specimens from 
40 to 0 F and raising it from 0 to 40 F, with the 
cooling period taking a total time of 18 + 2 hr 
and the heating period taking a total time of 
6 + 1 hr. During the cooling period the tem- 
perature at the centers of the specimens shall 
be reduced from 37 to 3 F in a period of not 
less than 5 nor more than’7 hr and shall remain 
at 0 + 3 F for the remainder of the cooling 
period. During the heating period, the tem- 
perature at the centers of all specimens shall 
be raised from 3 to 37 F in not less than 1} hr 
nor more than 2 hr and shall remain at 40 + 3 F 
for the remainder of the heating period. For 
specimens to be compared with each other, the 
time required to change the temperature at the 
center of any specimen from 35 to 10 F and 
from 10 to 35 F shall not differ by more than 
30 min from the time required for any other 
specimen (Note 2). The temperature of the 
thawing water, and the difference between the 
temperature at the center of a specimen and the 
temperature at its surface shall at no time exceed 
50 F. 


Note 2.—To meet the temperature re- 
quirements some equipment may require two 
thermostats operated alternately by electric 
timers, to control the temperature of the cooling 
medium: one set at somewhat below 0 F for 
the initial cooling period and one set at 0 F to 
maintain this temperature for the remainder 
of the 18 hr. 

(c) The cooling may be accomplished in 
either of two ways: (1) forced circulation of 
cold air around the specimens, or (2) immersion 
of the specimens in watertight containers in 
circulating brine or other cold liquid. In the 
first method, the rate of air circulation should 
be the minimum required to ensure equal 
exposure of all specimens, so that transfer of 
moisture from the specimens to the refrigerating 
areas will be held to a minimum. Likewise 
refrigerating areas in the cooling chamber should 
be as large as practicable to minimize moisture 
transfer. In the second method, each specimen 
shall be placed in a container in a manner that 
will prevent contact between the specimen and 
the container and with the bottom of the 
specimen supported on wood blocks. The con- 
tainer shall be partially immersed in the circu- 
lating liquid in such a manner that the level of 
the top of the specimen is below the level of the 
circulating liquid. 

(d) The period of transition from the cooling 
period to the heating period of the cycle or vice 
versa shall not exceed 10 min except when 
specimens are being tested in accordance with 
Section 5(b). The surfaces shall not be allowed 
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to become dry during the transition from the 
heating to the cooling period of the cycle. 


Section 5.—Add the following two 
sentences to the end of Paragraph (c): 


This provision applies whenever circum- 
stances arise that would require any freezing- 
and-thawing cycle to take more than 24 hr 
such as over weekends. At such times the freez- 
ing period shall be extended to include all of 
the extra time. 


Add a new Paragraph (d) to read as 
indicated above for Section 5(d) of 
Method C 291. 

Section 6(a).—Revise to read as indi- 
cated above for Section 6(a) of Method 
C 290. 


Tentative Method of Test for Poten- 
tial Volume Change of Cement-Ag- 
gregate Combinations (C 342-55 T):* 


Section 2(c).—Insert after the first 
sentence: “They shall be so constructed 
that, when using for storing specimens, 
the loss of moisture is prevented by a 
tight-fitting cover or by sealing, or by 
both.” 

Change the last sentence of Paragraph 
(c) to read as follows: 


Provision shall be made for supporting the 
specimens 4 in. above the bottom of the 
container in such manner that the weight of 
the specimens is not supported by the 
gage studs, and the specimens are . kept 
vertical, spaced uniformly, and free from contact 
with the walls of the container. 


Change the note at the end of Para- 
graph (c) to read as follows: 


Note.—Removable corrosion-resistant 20- to 
30-gage sheet-metal spacers have been found 
to be satisfactory to space and support the 
specimens. The top spacer is a rectangular 
strip 1} in. in width and 3% in. in length to fit 
into the interior cross-section dimension of the 
container. The strip is perforated along the 
longitudinal center line with three holes of 
size to permit insertion of the gage studs at 
ends of specimens. The hole for the center 
specimen is placed at the center of the strip, 
and the centers of the other holes are placed 
1} in. to either side of the center. The bottom 


spacer is the same except for an added length of 
3 in. at each end that are turned at right angles 
to the face of the strip to form legs to support 
spacers $ in. above bottom of container. 


Section 3(a)—Change to read as 
follows: 


(a) The temperature of the dry materials, 
the molding room, and the measuring room 
shall be between 68 and 81.5 F (20 to 27.5 C). 
The temperature of the mixing water and the 
moist closet or moist room shall be maintained 
at 73.4 + 3 F (23 + 1.7 C). The relative 
humidity of the molding room shall be not less 
than 50 per cent. 


Section 4.—Change the heading to 
read “Selection and Preparation of 
Materials,” and replace the present 
Section 4 with the following: 


4. (a) Selection of Aggregate.—Materials pro- 
posed for use as fine aggregate in concrete shall 
be processed as described in Paragraph (6) 
with a minimum of crushing. Materials proposed 
for use as coarse aggregate in concrete shall 
be processed by crushing to produce as nearly 
as practical a graded product from which a 
sample can be obtained. The sample shall have 
the grading as prescribed in Paragraph (6) 
and be representative of the composition of the 
coarse aggregate as proposed for use (Notes 
1 and 2). 

Nore 1.—When a given quarried material is 
proposed for use, both as coarse and as fine ag- 
gregate, it will be tested only by selection of an 
appropriate sample crushed to the fine aggregate 
sizes, unless there is reason to expect that 
the coarser size fractions have a different com- 
position than the finer sizes and that these dif- 
ferences might significantly affect expansion 
due to reaction with the alkalies in cement. 
In this case, the coarser size fractions should be 
tested in a manner similar to that employed in 
testing the fine aggregate sizes. 

Note 2.—Coarse aggregate crushed to 
sand size may give accentuated expansion, 
owing to the increased surface exposed upon 
crushing. Therefore, if coarse aggregate tested 
by this method produces an excessive amount of 
expansion, the material shall not be classed as 
objectionably reactive with alkali unless tests 
of concrete specimens confirm the findings of the 
tests of the mortar. 

(6) Preparation of Aggregate.—Fine aggregate 
shall be tested in a grading meeting the require- 
ments of the specifications for the project. Fine 
aggregates being tested for reasons other than 
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to determine compliance vith individual specifi- 
cations, and all coarse aggregates to which 
this method of test is applied shall be graded in 
accordance with the requirements prescribed in 
Table I. Aggregates in which sufficient quantities 
of the sizes specified in Table I do not exist 
shall be crushed until the required material 
has been produced. In the case of aggregates 
containing insufficient amounts of one or more 
of the larger sizes listed in Table I, and if no 
larger material is available for crushing, the 
first size in which sufficient material is available 
shall contain the cumulative percentage of 
material down to that size as determined from 
the grading specified in Table I. When such 
procedures are required, special note shal! be 
made thereof in the test report. After the 
aggregate has been separated into the various 
sieve sizes, each size shall be washed with a 


TABLE I.—GRADING REQUIREMENTS. 
Sieve Size A 

Passing Retained on es 

No. 4 (4760-)....| No. 8 (2380-y)...} 10 
No. 8 (2380-4)....| No. 16 (1190-m)...} 25 
No. 16. (1190-z)....| No. 30 (590-)....| 25 
No. 30 (590-p)..... No. 50 (297-y)....| 25 
No. 50 (297-y). . No. 100 (149-2)... .| 15 


water spray over the sieve to remove adhering 
dust and fine particles from the aggregate. The 
sieve splits shall then be dried and recombined 
in the quantity required for one batch of mortar 
to the grading prescribed in Table I. 

(c) Selection of Cement.—Cement (Note 3) 
for use in this method shall meet the require- 
ments of the specifications for the project and 
shall be from the source or sources which will 
or are expected to supply the cement to be used 
on the project. Cement for use in tests made for 
reasons other than to determine compliance of 
cement-aggregate combinations with individual 
specifications shall conform to the requirements 
of the Specifications for Portland Cement 
(ASTM Designation: C 150) (Note 4). Cement 
for use in this method of test shall be passed 
through a No. 20 (840 yu) sieve to remove lumps 
before use. 

Norte 3.—If several cements are to be used 
or may be used in the work, it is recommended 
that each of these cements be tested in combina- 
tion with each of the proposed aggregates. 

Note 4.—It is recommended that each 
aggregate subjected to this method of test be 
used with both high- and low-alkali portland 
cements; other combinations with pozzolans, 


Report or Committee C-9 


for example, may be used if requested. A low- 
alkali portland cement is defined in the Specifica- 
tions C 150 as one containing not more than 
0.60 per cent alkalies. Cements of alkali contents 
as low and as high as can be obtained should be 
used. 


Section 5.—Change Paragraph (b) to 
read as follows: 


Thinly cover the molds with mineral oil; after 
this operation set the gage studs, taking care 
to keep them clean and free of oil, Apply a 
mixture of three parts of paraffin to five parts 
of rosin by weight, heated between 230 and 248 F 
(110 and 120 C) to the outside contact lines of 
the molds to make the molds watertight.” 


In Paragraph (e), line 6, change the 
word “plugs” to “studs.” 

Section 7.—Change the heading of 
Section 7 to read “Calculation.” 

Section 8—Renumber the present 
Section 8 as Section 10. Add a new 
Section 8 headed “Examination at End 
of Test” to read as follows: 


8. After the final length change measure- 
ments have been made, each specimen shall be 
tested for warping and shall be examined. 

(a) Warping.—The warping, if any, that 
each specimen has manifested during the test 
period, shall be determined by placing the 
specimen on a plane surface and measuring the 
maximum separation between the specimen 
and the surface. The specimen shall be placed 
so that its ends curve down to the reference 
surface and the measurement made to the 
nearest 0.01 in. 

(b) Examination.—Items to be noted in the 
examination include: 

(1) Presence, location, and type of pattern 
of cracking, 

(2) Appearance of surfaces, surface mottling, 
and 

(3) Surficial deposits or exudations, their 
nature, thickness and continuity. 

When it is believed that additional features 
of noteworthy importance are likely to be 
revealed thereby, a further examination of the 
interior of the specimen may be made, preferably 
by a petrographer. In such cases, the presence 
of gel-filled pores and fissures, evidence of 
reaction with aggregate particles of specific 
types and the nature of such evidence, and the 
properties of the reaction products are among 
theitemstobe noted. = | 
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Section 9—Add a new Section 9 
headed “Report” to read as follows: 


9. The report shall include the following: 

(1) Type and source of aggregate, 

(2) Type and source of portland cement, 

(3) Chemical analysis of the cement in- 
cluding alkali content as per cent potassium 
oxide (KO), sodium oxide (Na,O), and cal- 
culated sodium oxide (Na,O) equivalent, 

(4) Grading of the aggregate if not that given 
in Section 4, 

(5) Type, source, proportions, and chemical 
analysis, including KsO and Na,O, of any 
pozzolans employed in the tests, 

(6) Average length change in per cent at 
each reading of the specimens, 

(7) Any relevant information concerning 
preparation of the aggregates, 

(8) Any significant features revealed . by 
examination of the specimens during and after 
test, and 

(9) Amount of mixing water, expressed as 
percentage by weight of cement. 


Tentative Methods of Sampling and 
Testing Fly Ash for Use as an Ad- 
mixture in Portland Cement Concrete 
(C 311 59 


Section 27.—In Paragraphs (a), (0), 
and (c) change “4.5 + 0.5 per cent of 
air” to read “5.5 + 0.5 per cent of 
air.” 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be 
referred to letter ballot of the Society: 


Standard Method of Test for Compres- 
sive Strength of Molded Concrete 
Cylinders (C 39 — 59):? 


Section 3.—Insert a new second sentence and 
note as follows: The ends of compression test 
specimens that are not plane within 0.002 in. 
shall be capped (Note). 

Note.—For methods of capping concrete 
compression test specimens see Methods C 192 
and C 31. 


Standard Methods of Securing, Pre- 
paring, and Testing Specimens from 
Hardened Concrete for Compressive 
and Flexural Strengths (C 42 — 60):* 


Section 7.—In the table in Paragraph 
(f), change the strength correction 
factor for L/D = 1.00 from “0.85” to 
“0.89,” 


Standard Specifications for 
Mixed Concrete (C 94 58):? 


Ready- 


Section 9.—Replace the present Para- 
graph (4) with the following: 


(hk) Concrete delivered in cold weather shall 
have the applicable minimum temperature 
indicated in the following table. (The purchaser 
shall inform the producer as to the type of 
construction for which the concrete is intended.) 


Minimum Concrete Temperature, 
deg Fahr 


Air Temperature 
4 Thin Sections Heavy Formed 
deg Fahe Sections and 
bs Mass Concrete 
65 55 


The maximum temperature of concrete produced 
with heated aggregates, heated water, or both, 
shall at no time during its production or trans- 
portation exceed 90 F (Note 5). 


Note 5.—When cement is at a low tem- 
perature and hot mixing water is used, flash 
set may occur if hot water is brought in direct 
contact with the cement. 


Add a new Paragraph (i) to read 
as follows. 


(i) Every effort shall be made to maintain 
temperature of concrete produced during hot 
weather as low as possible. In some situations 
difficulty may be encountered with concrete at 
temperatures approaching 90 F, and every 
effort should be made to keep the concrete at a 
lower temperature. 

REVISION OF STANDARDS AND 
REVERSION TO TENTATIVES 


The committee recommends revisions 
as indicated of the following standards 
and their reversion to tentative: 
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Standard Specifications for Concrete 
Aggregates (C 33 — 59):* 


; Section 1.—Change the Scope to 
read: “These specifications cover fine 
and coarse aggregate other than light- 
weight aggregate for use in concrete.*” 

Section 4.—In Paragraph (6) (3), insert 
the following sentence just before the 
present last sentence: “Care should be 
taken not to lose fine material.” 

Table I.—Add the following sub-items 
under Coal and lignite, and delete 
Note?: 


Coal and lignite a 
Where surface appearance of concrete is 


Table III.—Add the following sub- 
items under Coal and lignite, and delete 
the present Note’: 

Coal and lignite 
Where surface appearance of concrete is 


0 


Replace the line that now reads 
“Chert that will readily disintegrate 


(soundness test, five cycles)...1.0” 
to read as follows and add new Notes? 
and °: 


Chert as an impurity’ that will disintegrate in 
five cycles of the soundness test, or 50 cycles of 
freezing and thawing (0 F to 40 F)*; or that has a 
specific gravity, saturated-surface-dry, of less 
than 2.35: 
5.0 
+ These limitations apply only to aggregates 
in which chert appears as an impurity. They 
are not applicable to gravels that are pre- 
dominantly chert. Limitations on soundness of 
such aggregates must be based on service 
records in the environment in which they are 
used. 
¢ Disintegration is considered to be actual 
splitting or breaking as determined by visual 
examination. 


Section 12(7).—Add the following sen- 
tences at the end of Paragraph (j): 
“Only material that is brownish-black, 
or black, shall be considered coal or 


lignite. Coke shall not be classed as 
coal or lignite.” 


Standard Method of Test for Amount of 
Material Finer Than No. 200 Sieve 
in Aggregate (C 117-49)? (Jointly 
with Committee D-4): 

Revise as appended hereto.® 


Standard Method of Test for Sieve 
Analysis of Fine and Coarse Aggre- 
gates (C 136 — 46)? (Jointly with Com- 
mittee D-4): Revise as appended 

_ hereto.* 


TENTATIVE REVISIONS OF hn 
STANDARDS 


The committee recommends revisions 
as indicated of the following standards 
for publication as tentative: 


Standard Methods of Securing, Prepar- 
ing, and Testing Specimens from 
Hardened Concrete for Compres- 
_ sive and Flexural Strengths (C 42 - 
60):* 

Section 7(f)—Change to read as 
follows: 


(f) Calculations and Report.—The direction 
of the application of the load with reference to 
direction of compaction of the concrete in the 
structure shall be reported. The compressive 
strength of each specimen shall be calculated 
to the nearest 10 psi based on the average 
diameter of the specimen. If the ratio of length 
to diameter of a specimen is appreciably less 
than two, allowance for the ratio of length to 
diameter shall be made by multiplying the 
compressive strength by the applicable correc- 
tion factors given in the following table: 


Ratio of of Strength Correction Factor 


Cylinder to Diameter Normal Weight Lightweight 
(l/d) Concrete* Concrete 
0.98 0.98 
0.93 0.94 
0.89 0.92 


* These correction factors are not applicable 
to autoclaved concrete or to concrete dry at the 
time of loading. 

+ For concretes weighing between 100 and 120 
lb per cu ft. 


®The revised methods appear in the 1961 
Book of ASTM Standards, Part 4. 


> 
5 
é 
as 


Values not given in the table shall be determined 
by interpolation. The correction factors are 
applicable for nominal concrete strengths from 
2000 to 6000 psi. 


Standard Specifications for Ready- 
Mixed Concrete (C 94 - 58):? 


Section 9(c)—Change to read as 
follows: 


(c) When a stationary mixer is used for the 
complete mixing of the concrete, mixing time 
shall be measured from the time all the solid 
materials are in the drum. The batch shall 
be so charged into the mixer that some water 
will enter in advance of the cement and aggre- 
gate, and all water shall be in the drum by the 
end of the first one fourth of the specified mixing 
time. 

Where no mixer performance tests are made, 
the acceptable mixing time for mixers having 
capacities of 1 cu yd or less shall be not less than 
1 min. For mixers of greater capacity, this 
minimum shall be increased 15 sec for each 
cubic yard or fraction thereof of -additional 
capacity. 

Where mixer performance tests have been 
made on given concrete mixtures in accordance 
with the testing program set forth in the follow- 
ing paragraphs, and the mixers have been 
charged to their rated capacity, the acceptable 
mixing time may be reduced for those particular 
circumstances to a point at which satisfactory 
mixing defined as follows shall have been 
accomplished: 

(1) Samples of concrete for comparative 
purposes shall be obtained immediately after 
arbitrarily designated mixing times, in ac- 
cordance with one of the following procedures: 

Alternate Procedure 1—The mixer may be 

stopped, and the required samples removed by 

any suitable means from the concrete at 
equal distances from the front and back of 
the drum, or 

Alternate Procedure 2.—As the mixer is 

being completely emptied, appropriate sam- 
ples may be obtained from the second and 
ninth-tenth portions of the batch. Any 
appropriate method may be used, provided 
the samples are representative of widely 
separated portions, but not the very ends of 
the batch. 

(2) The samples. of concrete shall be tested 
in accordance with methods listed in Section 
18, and differences in test results for the two 
samples shall not exceed the following: 


Weight per cu ft calculated 
to an air-free basis........ 1 lb 
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Al 1.0 per cent by 
volume of the 
concrete 

Slump: 

more than 3 in......... % of average for 


two samples 
Coarse aggregate content for 
portion of each sample by 
weight retained on No. 4 


6.0 per cent by 

weight of the 

ee 4 de the weight of 

, that portion of 

each sample re- 

tained on the 

in No. 4 (4760- 
micron) sieve 
Cement Content or Unit taal 
Weight of Mortar: prog 
Alternate 1.—Cement con- 22 

tent, average for each 


sample determined by mt 
Willis-Hime procedure'.... 7 per cent 
Alternate 2.—Unit weight of ig 


mortar, from calculated av- det 5 
erage weight per cu ft of owes tied 
air-free mortar determined Tree 
by the Bureau of Reclama- 
tion procedure®.......... 0.8 percent 


Compressive strength, aver- 
age strength at 7 days of all 
cylinders tested, with 3 cyl- 
inders to be made and 
tested from each sample.. 71% per cent 


1“Proposed Tentative Method of Test for 
Cement Content of Freshly Mixed Concrete,” 
ASTM Buttet1n No. 239, July 1959, p. 48. 

2“Test for Variability of Constituents in 
Concrete,”” Designation 26, Bureau of Reclama- 
tion Concrete Manual, 6th edition, p. 447. 


(3) Mixer performance tests shall be re- 
peated whenever the appearance of the concrete 
or the coarse aggregate content of samples 
selected as outlined in this section indicates 
that adequate mixing has not been accomplished. 


ADOPTION OF TENTATIVES AS STANDARD 
WitHovut REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 

Tentative Specifications for: 
Lightweight Aggregates for Insulating Concrete 
(C 332 - 56T),? and 
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Cotton Mats for Curing Concrete (C 440- 
59T).4 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 


Tentative Method of Test for: 


Measuring Mortar-Making Properties of Fine 
Aggregate ( C 87-58 T), 

Lightweight Pieces in Aggregate (C 123 - 57 T), 

Clay Lumps in Natural Aggregates (C 142- 
55T), 

Water Retention Efficiency of Liquid Mem- 
brane-Forming Compounds and Impermeable 
Sheet Materials for Curing Concrete (C 156 - 
55T), 

Comparing Concretes on the Basis of the Bond 
Developed with Reinforcing Steel (C 234- 
57T), 

Scratch Hardness of Coarse Aggregate Particles 
(C 235 -57T), 

Ball Penetration in Fresh Portland Cement 
Concrete (C 360 - 55 T), 

Abrasion Resistance of Concrete (C 418 — 58 T), 
and 

Effectiveness of Mineral Admixtures in Pre- 
venting Excessive Expansion of Concrete 
Due to the Alkali-Aggregate Reaction (C 
441-59T). 


Tentative Specifications for: 


Raw or Calcined Natural Pozzolans for Use as 
Admixtures in Portland Cement Concrete 
(C 402 —- 58 T). 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for six or more years 
without revision: 

Standard Method of Test for: 
Cement Content of Hardened Portland Cement 

Concrete (C 85 — 54). 

Standard Method of: 


Measuring Length of Drilled Concrete Cores 
(C 174-49). 


Recommended Practice for: 


Petrographic Examination of Aggregates for 
Concrete (C 295 — 54), with a note at the end 
of Section 1 to read as follows: ai he 


Norte.—It is recommended that the rock and 
mineral names in Descriptive Nomenclature of 
Constituents of Natural Mineral Aggregates 
(ASTM Designation: C 294) be used insofar as 
they are appropriate in reports prepared 
according to this recommended practice. 

EDITORIAL CHANGES 

The committee recommends editorial 
changes as indicated in the following 
tentatives: 


Tentative Method of Test for Potential 
Alkali Reactivity of Cement-Aggre- 
gate Combinations (Mortar Bar 
Method) (C 227 - 60 T):5 


Section 4(b)—Change the last sentence 
to read: “The sieve splits shall then be 
dried and recombined in the quantity 
required for one batch of mortar to the 
grading prescribed in Table II.” 

Section 7.—In the third sentence, 
change “0.01 per cent” to “0.001 per 
cent” and change the word “report” to 
“record.” 

Change the last sentence of Section 7 
to read as follows: 


Report the average of the expansions of the 
four specimens of a given cement-aggregate 
combination to the nearest 0.01 per cent as the 
expansion for the combination at a given period. 


Section 10.—Change the word “repro- 
ducibility” to “repeatability” in the 
heading and in lines 1 and 8. In line 7 
change the word “exceptions” to “ex- 
ception” and the word “if” imme- 
diately following “exceptions” to “when.” 


Tentative Method of Test for Poten- 


tial Volume Change of Cement- 
Aggregate Combinations (C 342 - 
T)? 


Section 7.—In the first sentence, 
change “0.01 per cent” to “0.001 per 
cent” and change the word “report” to 
“record.” 

Change the last sentence of Section 7 


to read as follows: 


; 4 On CONCRETE AND CONCRETE AGGREGATES | 


Report the average of the expansions of the 
three specimens of a given cement-aggregate 
combination to the nearest 0.01 per cent as the 
expansion for the combination at a given period. 


Section 8.—Change the word 
ducibility” to “repeatability” 
heading and in lines 1 and 9. 
Tentative Method of Test for Ball 


Penetration in Fresh Portland Cement 
Concrete (C 360 - 55 T):? 


Section 3.—Change the last sentence 
of Section 3 to read as follows: 


“repro- 
in the 


The minimum horizontal distance from the 
center line of the handle to the nearest edge of 
the level surface on which the test is to be made 
shall be 9 in. 


Section 4—In the third sentence, 
delete the words “and the ball.” 

Insert the following new sentence 
after the third sentence to read: “Lower 
the weight to the surface of the concrete 
and release slowly.” 


Tentative Method of Test for Effective- 
ness of Mineral Admixtures in Pre- 
venting Excessive Expansion of 
Concrete Due to Alkali-Aggregate 
Reaction (C441-S59T)*# 
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Section 3(a)—Change the last sen- 
tence to read: “The sieve splits shall 
then be recombined in the quantity re- 
quired for one batch of mortar in the 
grading as follows:” (Retain tabula- 
tion). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.” 


This report has been submitted to 
letter ballot of the committee, which 
consists of 191 active members com- 
manding 140 votes plus 9 honorary 
members having voting privileges; 171 
members returned their ballots, all of 
whom have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
BRYANT MATHER, 


Chairman. 
PAUL KLIEGER, 
Secretary. men 


7 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. _ 
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Committee C-11 on Gypsum held two 
meetings during the year: in Atlantic 
City, N. J., on June 30 and July 1, 1960, 
and in Cincinnati, Ohio, on Feb. 2 and 3, 
1961. 

The committee consists of 31 mem- 
bers, of whom 30 are voting members; 12 
are classified as producers, 9 as con- 
sumers, 9 as general interest members, 
with one consulting member. 

Henry Omson was elected secretary 
due to the resignation of R. H. Faber; 
and C. A. Immer was elected to the 
Executive Committee due to the death 
of T. I. Coe. 


New STANDARDS 


The methods listed below currently ap- 
pear in the Standard Methods of Testing 
Gypsum and Gypsum Products (C 26 - 
60). The committee recommends that 
these methods be published as separate 
standards. The sections of Methods C 26 
where these tests currently appear are 
indicated below; the methods themselves 
are not appended to this report. It has 
been necessary to make minor changes in 
the methods as indicated below in order 
to complete them for publication as 
separate standards. 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 

11960 to Book of ASTM Stand- 
ards, Part 4 
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Standard Methods of Chemical Analysis 
of Gypsum and Gypsum Products: 


New Section 1.—Add the following new 
Section 1 on scope: 


1. Scope——(a) These methods cover pro- 
cedures for the chemical analysis of gypsum and 
gypsum products. 

(6) The test procedures appear in the fol- 
lowing order: 


Sections 
Preparation of Sample........... 3 
Complete Procedure............ 4 to 16 
Determination of Sand in Set 
Wood-Fiber Content in Wood- 
Fiber Gypsum Plaster......... 21 


Section 2.—Retain present Section 
2(a) of Methods C 26 and revise Para- 
graph (6) to read “‘(b) Retain the sample 
for chemical analysis.” 

Section 3—Add a new Section 3 to 
read as follows, retaining the present 
Footnote 3 referenced to the word 
“sieve:” 


3. Preparation of Sample.—Prepare a dried 
sample as described in Section 2. Reduce the 
sample to pass a No. 60 (250-z) sieve® taking ex- 
treme care not to expose unduly the material 
to moisture or to overheating. Thoroughly re- 
mix the ground sample, and store it in an air- 
tight container until used. 


Sections 4 to 21.—Renumber present 
Sections 5 to 17 and Sections 30 to 34 of 
Methods C 26 as Sections 4 to 16 and 


« 


Sections 17 to 21 respectively, changing 
section references where necessary. 


Standard Methods of Physical Testing of 
Gypsum Plasters and Gypsum Con- 
crete: 


New Section 1.—Add the following new 
Section 1 on scope: 


1. Scope-—(a) These methods cover pro- 
cedures for the physical testing of gypsum 
plasters and gypsum concrete. 

(b) The test procedures appear in the fol- 
lowing order: 


Sections 

Precaution for Physical Tests... . 4 
Normal Consistency of Gypsum 

Normal Consistency of Gypsum 

7 and 8 
Time of Setting................ 9%and 10 
Compressive Strength........... lito 14 


Sections 2 and 3.—Retain present Sec- 
tions 2 and 3 from Methods C 26. 

Sections 4 to 15.—Renumber present 
Sections 18 to 29 of Methods C 26 as 
Sections 4 to 15, including the three 
present illustrations. 

A ppendix.—Add the present Appendix 
from Methods C 26. 


Standard Methods of Physical Testing of 
Gypsum Board Products and Gypsum 
Partition Tile or Block: 


New Section 1.—Add the following new 
Section 1 on scope: 


1. Scope-——(a) These methods cover pro- 
cedures for the physical testing of gypsum board 
products (including gypsum lath) and gypsum 
partition tile or block. 

(b) The test procedures appear in the fol- 
lowing order: 


Sections 
Compressive Strength of Gypsum 
Partition Tile or Block........ 2 and 3 
Flexural Strength of Gypsum 
Weight and Thickness of Paper 
Surfacing of Gypsum Boards... 7 and 8 
Flexural Strength of Precast Re- 
inforced Gypsum Slabs.,...... 9 and 10 


Section 

Nail Retention of Precast Rein- 

forced Gypsum Slabs.......... 11 and 12 
Determination of Edge Tolerance 

of Recessed or Tapered-Edge 

Gypsum Wallboard........... 13to 15 
Water Resistance Characteristics 

of Core-Treated Water-Repel- 

lent Gypsum Sheathing....... 16 and 17 


Sections 2 to 17,—Renumber present 
Sections 35 to 50 of Methods C 26 as 
Sections 2 to 17. 


New TENTATIVES 


The committee recommends for publi- 
cation as tentative the following specifi- 
cation and methods as appended hereto: 
Tentative Specification for: 

Joint Treatment Materials for Gypsum Wall- 
board Construction. 
Tentative Methods of Testing: 
Joint Treatment Materials for Gypsum Wall- 
board Construction. 
REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Tentative Specifications for Annular 
Ringed Nails for Gypsum Wallboard 
(C 380 — 60 

Section 2.—Change the first sentence 
to read “Steel wire used in the manufac- 
ture of nails shall be of hard-drawn low- 
or medium-low-carbon steel, entirely 
suitable for the purpose intended.” 

Section 3(e).—Change to read: “(e) 
Distance from the top of the head to the 
first ring shall be equal to the nominal 
thickness of the gypsum wallboard for 
which the nail is specified, with permissi- 
ble tolerance of +75 in.” 


Tentative Specifications for Gypsum 
Backing Board (C 442 - 59 T):* 
Section 1.—Add the following to the 


2 The new tentatives appear in the 1961 Book 
of ASTM Standards, Part 4. 

31958 Book of ASTM Standards, Part 4. 

41959 Supplement to Book of ASTM Stand- 
ards, Part 4. Or 
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end of the first sentence “designed to be 
used as a base layer or backing material 
in multi-layer construction.” 

Section 2——Delete the present last two 
sentences, and add the following: 


Type X (special fire retardant) designates 
gypsum backing board complying with these 
specifications that provides at least 1-hr fire 
retardant ratings for boards 3 in. thick, or }-hr 
fire retardant ratings for boards } in. thick ap- 
plied in single layer nailed application on each 
face of load-bearing wood framing members 
when tested in accordance with the require- 
ments of the Methods of Fire Tests of Building 
Constructions and Materials (ASTM Designa- 
tion: E 119). 

Norte.—Consult manufacturers for test data 
on assembly particulars, materials, and ratings 
for other types of constructions. 


Section 3—Add to the table in this 
section a thickness of 1 in. with a load 
under bearing edges across fiber of sur- 
facing of 225 lb, and a load under bear- 
ing edges parallel to fiber of surfacing of 
90 Ib. 

Section 4—In Paragraph (a), add to 
the end of the first sentence ‘or shaped 
for specific construction systems.” 

In Paragraph (6), add a nominal thick- 
ness of 1 in. 

In Paragraph (c), add to the end of the 
paragraph, “Other widths are permissi- 
ble, as required by the specific construc- 
tion systems.” 

In Paragraph (e), add to the table a 
thickness of 1 in. with a minimum weight 
of 3600 Ib, and a maximum weight of 
4800 Ib. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revision as follows. of 
the Standard Specifications for Gypsum 
Wallboard (C 36—60),* and accordingly 
asks for the necessary nine-tenths af- 
firmative vote at the Annual Meeting in 
order that the revision may be referred 
to letter ballot of the Society: =» > 


. Section 5(a).—In the last sentence 
change “0.010 in.” to read “0.015 in.” 


WITHDRAWAL OF STANDARD 


The committee recommends the with- 
drawal of the Standard Methods of 
Testing Gypsum and Gypsum Products 
(C 26 —- 60). These methods are replaced 
by the three new Standard Methods 
noted earlier in this report. 


REAPPROVAL OF STANDARDS 


The committee recommends the reap- 
proval of the following standards which 
have stood for six or more years without 
revision: 

Standard Specifications for: 
Gypsum (C 22-50), 
Gypsum Lath (C 37-54), 
Gypsum Partition Tile or Block (C 52-54), — 


Gypsum Molding Plaster (C 59 — 50), atl 
Keene’s Cement (C 61-50), ea 
Gypsum Sheathing Board (C 79 - 54), we} 


Gypsum Concrete (C 317-55), and , 
Gypsum Formboard (C 318-55). ¥ 
TENTATIVE CONTINUED WITHOUT 
REVISION 

The committee recommends the con- 
tinuation without revision of the Tenta- 
tive Specifications for Precast Rein- 
forced Gypsum Slabs (C 377 - 58 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 30 voting members; 24 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
G. W. JosEPHSON, 
Chairman. 
H. Omson, 
Secretary. 


5 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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MORTARS FOR UNIT MASONRY* 


Committee C-12 on Mortars for Unit 
Masonry held two meetings during the 
past year: on June 27, 1960, in Atlantic 
City, N. J.; and on January 31, 1961, in 
Cincinnati, Ohio. 

The committee consists of 54 mem- 
bers, of whom 22 are classified as pro- 
ducers, 16 as consumers, 15 as general 
interest members, and 1 consulting 
member. 

Two esteemed long-time members of 
the committee, Theodore Irving Coe 
and Walter C. Voss, died during the past 
year. — 


New TENTATIVE 


The committee recommends for publi- 
cation as tentative the proposed Tenta- 
tive Specifications for Mortar and Grout 
for Reinforced Masonry, as appended 
hereto.! 


REVISION OF TENTATIVE 


The committee recommends revisions 
as follows of the Tentative Specifications 
for Mortar for Unit Masonry (C 270- 
59 T)? and continuation of the specifica- 
tions as tentative: 

Section 2(a).—After “Slag Cement” 
insert the following phrase “(for use in 
property specifications only).” 

Section 2(e).—Add a note to read as 
follows: 

* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 

1 The new tentative appears in the 1961 Book 
of ASTM Standards, Part 4. 


21959 Supplement to Book of ASTM Stan- 
dards, Part 4. 


Calcium chloride when provided for in the 
contract specifications may be used as an ac- 
celerator in amounts not exceeding 2 per cent 
by weight of the portland cement content of 
the mortar. 


Section 2(f).—Delete the last sentence. 

Section 3(a).—Add to the table in 
Note 1: “Portland blast-furnace slag 
cement .. . 94 (approx).” 

Section 3(b).—Change to read as fol- 
lows: 


All cementitious materials and aggregate 
shall be mixed for at least 3 min with the 
maximum amount of water to produce a work- 
able consistency in a mechanical batch mixer 
(Note 2). 

Retain the present Note 2. 

New Section 3(c).—Add a new Section 
3(c) to read as follows: 

Mortars that have stiffened because of 
evaporation of water from the mortar shall be 
retempered by adding water as frequently as 
needed to restore the required consistency. 
Mortars shall be used and placed in final 
position within 24 hr after mixing. 

Section 4.—Letter the present Section 
4 as Paragraph (a), and add a new Para- 
graph (0) to read as follows: 

No change in the proportions established 
for mortar accepted under the property specifica- 
tions shall be made nor shall materials with 
different physical characteristics be utilized in 
mortar used in the work unless compliance with 


the requirements of the property specifications 
is reestablished. 


ADOPTION OF TENTATIVE AS STANDARD 
WITHOUT REVISION 


The committee recommends that the 
Tentative Specifications for Aggregate 


~ 
| 
429 
>; 


for Masonry Grout (C 404-57 T)* be 
approved for reference to letter ballot 
of the Society for adoption as standard 
without revision. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Research and 
Methods of Test (P. L. Rogers, chairman) 
has completed an extensive series of tests 
on the effect of a waiting period in mixing 
of mortar prior to testing. Insufficient 
effect was observed to merit a change in 
test methods. 

Subcommittee III on Specifications 
(P. V. Johnson, chairman) has com- 


31958 Book of ASTM Standards, Part 4. 

4 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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pleted a proposed Tentative Specifica- 
tion for Mortar and Grout for Rein- 
forced Masonry, which is appended to 
this report.' 

Subcommitiee IV on Aggregates (D. L. 
Bloem, chairman) has been revising the 
sand grading requirements of Specifica- 
tions C 144 after completion of a com- 
prehensive test series to determine the 
effect of sand grading on the properties 
of masonry mortars. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 54 members; 53 returned 
their ballots, all of whom have voted 
affirmatively. 


Respectfully submitted on behalf of 
the committee, 


H. C. PLuMMER, 
Chairman. 
C.U. Prerson, JR, 
Secretary. 
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Committee C-13 on Concrete Pipe 
held one meeting during the year: in 
Chicago, Ill. on Oct. 19, 1960. 

The committee consists of 44 mem- 
bers, of whom 20 are classified as pro- 
ducers, 12 as consumers, and 12 as 
general interest members. 


New TENTATIVES 


The committee recommends for pub- 
lication as tentative the following 
specifications, as appended hereto:! 


Tentative Specifications for Precast 
Reinforced Concrete Manhole Risers 
and Tops: 


This tentative is the result of a study 
of related data and consideration of 
recommendations submitted to the com- 
mittee by the Technical Problems Com- 
mittee of the American Concrete Pipe 
Assn. 


Tentative Specifications for Cast-In- 
Place Non-Reinforced Concrete Irri- 
gation Closed Conduit: 


This tentative is the result of con- 
siderable study of related data. 
REVISION OF TENTATIVE 


The committee recommends revisions 
as follows of the Tentative Specifications 

* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 


1 The new tentatives appear in the 1961 Book 
of ASTM Standards, Part 5. 
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CONCRETE PIPE* 


for Réeinforced- Storm 
Drain, and Sewer Pipe (C 76 - 60 T)? 
Table II.—Add a Wall C column as 
shown in the accompanying Table I. 
Table IITI.—Add a Wall C column as 
shown in the accompanying Table IT. 
Table IV.—Extend internal diameters 
of pipe up to and including 108 in. for 
Walls A, B, and C. Do not add add steel 
areas or wall thicknesses but reference 
a new Footnote 
Add a new Footnote 0b to read as 
follows: 


The manufacturer shall submit wall thick- 
ness, steel design, and concrete strength to the 
purchaser for approval prior to manufacture.” 


Table V.—Add a Wall A column with 
internal diameters of pipe from 12 in. 
through 108 in. Do not add steel areas or 
wall thicknesses but reference a new 
Footnote 

For Wall B and C, extend internal 
diameters of pipe up to and including 
108 in. Do not add steel areas or wall 
thicknesses but reference a new Foot- 
note b. 

Add a new Footnote 6 toread the same 
as the new Footnote 6 to Table IV. 

Section 22(b).—After the words “pipe 
tested” in the seventh line, add the 
following parenthetical phrase “(includ- 
ing preliminary tests).” 

Section 25(d).—After the words “lay- 


21960 Supplement to Book of ASTM 
Standards, Part 5. 
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TABLE I.—DESIGN REQUIREMENTS FOR CLASS II REINFORCED CONCRETE PIPE. 


(Additions to Table II of Specifications C 76) 


Wall C 


Internal Diameter 


Concrete Strength, 4000 psi 


' ara of Pipe, in. Minimum Reinforcement, sq in. per foot of pipe barrel 
= Minimum Circular Reinforcement 
Tae Elliptical Reinforcement 
in. | Inner Cage | Outer Cage 
434 0.07 0.07 0.08 
54 0.10 0.08 0.11 
6% 0.17 0.13 0.19 
634 0.22 0.17 0.24 
74 0.30 0.23 0.33 
84 0.35 0.26 0.39 
834 0.41 0.31 0.46 
9 0.48 0.36 0.53 
934 0.55 0.41 0.61 
Concrete Strength, 5000 psi 
10% 0.62 0.47 Inner Circular 0.22 
Plus Elliptical 0.47 
10% 0.70 0.53 Inner Circular 0.25 
Plus Elliptical 0.53 


TABLE II.—DESIGN REQUIREMENTS FOR CLASS III REINFORCED 


CONCRETE PIPE. 
(Additions to Table III of Specifications C 76) 


Internal Diameter 


Wall C 


Concrete Strength, 4000 psi 


of Pipe, in. Minimum Reinforcement, sq in. per foot of pipe barrel 
al Minimum Circular Reinforcement 
Wall Elliptical Reinforcement 
Inner Cage | Outer Cage 
36... 4% 0.08 0.07 0.09 
5% 0.12 0.09 0.13 
Ree 534 0.16 0.12 0.18 
6% 0.25 0.19 ~ 0.28 
7% 0.36 0.27 0.40 
0.42 0.32 0.47 b 4 
834 0.50 0.38 0.56 
Concrete Strength, 5000 psi 
9% 0.59 0.45 0.66 
934 0.70 0.53 Inner Circular 0.25 
Plus Elliptical 0.53 
ee 1044 0.83 0.62 Inner Circular 0.30 
Plus Elliptical 0.62 
Seakieawaneosudnans 1034 0.99 0.74 Inner Circular 0.36 
Plus Elliptical 0.74 


ing lengths” in the first line, add the 
following parenthetical phrase: “(See 
“L” in Figs. 2 and 3).” 


ADOPTION OF TENTATIVE AS STANDARD 
REVISION 


The committee recommends that the 
Tentative Specifications for Reinforced 
Concrete Low-Head Pressure Pipe 
(C 361 — 59 T)* be approved for reference 
to letter ballot of the Society for adop- 
tion as standard with revisions as 
indicated: 

Section 13(b)—Change Item 6 to 
read as follows: 

(6) Accelerated Aging.—To be conditioned 
in a circulating hot air oven 96 hr at 158 F 
with the tensile strength loss of 15 per cent 
maximum, and elongation loss of 20 per cent 
maximum of the original. 


31959 Supplement to Book of ASTM 
Standards, Part 5. 
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The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 44 voting members; 44 members 
returned their ballots, of whom 41 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
R. R. LIteuIsEr, 
Chairman. 
Howarp F. PECKWoRTH, 
Secretary. 


4 The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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GLASS AND GLASS PRODUCTS* 


Since its last report to the Society in 
June, 1958, Committee C-14 on Glass 
and Glass Products has held six meet- 
ings: on October 16, 1958, in Bedford 
Springs, Pa.; May 20, 1959, in Chicago, 
Ill.; September 17, 1959, in New York 
City; April 27, 1960, in Philadelphia, 
Pa.; October 13, 1960, in Bedford 
Springs, Pa.; and April 24, 1961, in 
Toronto, Ont. 

The committee consists of 51 voting 
members of whom 18 are classified as 
producers, 14 as consumers, and 19 as 
general interest members. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


In addition to the recommendations 
of Committee C-14 which were accepted 
by the Society through the Adminis- 
trative Committee on Standards during 
1958 and 1959, and were announced at 
the time in the ASTM Buttetin, the 
Administrative Committee accepted on 
May 10, 1961, the recommendation of 
the committee for the tentative revision 
of the Standard Definitions of Terms Re- 
lating to Glass and Glass Products 
(C 162 — 56). The revised definitions are 
available as a separate reprint. 


REVISION OF STANDARD, IMMEDIATE 


ADOPTION 


The committee recommends for im- 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 


ore 


mediate adoption revisions as appended 
hereto' of the Standard Methods of 
Testing Structural Non-Load-Bearing 
Cellular Glass Blocks (C 240 -56),? 
and accordingly asks for the necessary 
nine-tenths affirmative vote at the An- 
nual Meeting in order that the revisions 
may be referred to letter ballot of the 
Society. 


The recommendation in this report has 
been submitted to letter ballot of the 
committee, the results of which will be 
reported at the Annual Meeting.* 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature and 
Definitions (H. H. Holscher, chairman). 
—Forty new and revised definitions 
were developed for inclusion in Defini- 
tions C 162. 

Subcommitiee II on Chemical Analy- 
sis (F. L. White, chairman).—An 
interlaboratory study on additional 
chemical analysis of glass sand has been 
completed. Refinement of the procedure 
was indicated and a new interlaboratory 
test is being developed. 

The first interlaboratory test of the 
analysis of soda lime glass was com- 
pleted and the resulting data reviewed. 

Subcommittee III on Chemical Proper- 
ties (J. F. Greene, chairman) is working 

1The revised standard appears in the 1961 
Book of ASTM Standards, Part 5. 

21958 Book of ASTM Standards, Part 5. 

3 The letter ballot vote on this recommenda- 


tion was favorable; the results of the vote are 
on record at ASTM Headquarters. a 


closely with Subcommittee VII A on 
durability testing. The committee is 
attempting to develop data from the 
present test procedure in order to deter- 
mine the lack of reproducibility of 
durability tests. 

Subcommittee IV on Physical and 
Mechanical Properties (C. L. Babcock, 
chairman).—The Method of Test for 
Annealing Point and Strain Point of 
Glass (C 336) is being critically re- 
viewed for possible changes before its 
adoption as a standard method. 

A member of this subcommittee 
is working with Committee E-1 on 
Methods of Testing in the development 
of general ASTM standards for measur- 
ing the linear and cubical thermal ex- 
pansion of materials. 

Subcommittee VI on Glass Construc- 
tion Block and Tile (A. H. Baker, chair- 
man) has completed the revision of 
Method C 240 referred to earlier in this 
report. 

Subcommittee VII on Glass Containers 
(R. E. Mould, chairman)—It was 
announced that a new set of strain disks 
used in conjunction with the polariscopic 
examination, Method C 148, are avail- 
able from the British Glass Industry 
Research Assn., Sheffield, England. 


Ve 
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Section “A,” Pharmaceutical Con- 
tainers, W. R. Prindle, chairman, has 
reviewed a boiling acid test sponsored 
by the International Standards Organ- 
ization. The interlaboratory data col- 
lected using this test have been sub- 
mitted to the committee responsible 
for this test. This section has also 
cooperated with the committee for the 
publication of the new edition of the 
U. S. Pharmacopoeia in regard to details 
of the glass container durability test 
methods. 

Subcommitiee VIII on Flat Glass 
(H. R. Swift, chairman) is in corre- 
spondence with the Swedish Glasinstitu- 
tet regarding questions on standard 
tests for mirrors. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 51 members; 23 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
L. G. GHERING, 
: Chairman. 
F.V.TooreyY, 
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Committee C-15 on Manufactured 
Masonry Units held two meetings during 
the year: on July 1, 1960, in Atlantic 
City, N. J., in conjunction with the An- 
nual Meeting of the Society, and on 
Feb. 2, 1961, in Cincinnati, Ohio, during 
ASTM Committee Week. 

The committee consists of 72 mem- 
bers, of whom 36 are classified as pro- 
ducers, 17 as consumers, and 19 as gen- 

interest members. 

During the past year, members of the 
committee were saddened to learn of the 
death of two of its most esteemed mem- 
bers of long standing: T. I. Coe, Honor- 
ary Member, and for many years First 
Vice-Chairman of the committee, died on 
Nov. 12, 1960; C. C. Connor died on 
March 4, 1961. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1960 Annual Meet- 
ing, Committee C-15 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


Tentative Revision of Standard Specifications for: 

Building Brick (62 — 58). 

Revision of Tentative Specifications for: 

Ceramic Glazed Structural Clay Facing Tile, 
Facing Brick, and Solid Masonry Units 
(C 126 - 59 T). 

These recommendations were accepted 
by the Standards Committee on Septem- 
ber 29, 1960, and they appear in the 
1960 Supplement to the Book of ASTM 
Standards, Part 5. 


* Sixty-fourth Annual 
Society, June 25-30, 1961. 
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REVISION OF TENTATIVE 


The committee recommends the revi- 
sion as follows of the Tentative Specifi- 
cations for Ceramic Glazed Structural 
Clay Facing Tile, Facing Brick, and 
Solid Masonry Units (C 126-60 T): 

Section 16—Change paragraph (c) to 
read as follows: 


(c) Chemical Resistance Test.—An end portion 
of two whole specimens shall be submerged with 
the glazed surface exposed to a minimum depth 
of 1} in. in a 10 per cent solution of HCl for 
3 hr. The opposite end portions of the glazed 
surfaces of the same specimens shall then be 
similarly submerged in a 10 per cent solution 
of KOH for 3 hr. These solutions shall be main- 
tained at a temperature of 60 to 80 F (15 to 
27 C). The finishes shall then be rinsed, dried, 
and examined for changes of texture and color, 
if any. 

Note.—A 10 per cent solution of HCl is 
prepared by volume by using 10 per cent con- 
centrated HC! which is 12 N or 37.0 per cent. 
A 10 per cent solution of KOH is prepared by 
weight using, for example, 10 g of KOH diluted 
to 100 g solution. Distilled water is used and 
fresh solutions should be made for each test 
set up. 


In Paragraph (d) delete the paren- 


ihetical phrase “(not exceeding 120 F)” 
in lines 37 and 38. 


The recommendation in this report has 
been submitted to letter ballot of the 
committee, the results of which will be 
reported at the Annual Meeting. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Clay Brick and 
Structural Clay Tile (J. E. Neville, chair- 
man) has continued its study of problems 

' 1958 Book of ASTM Standards, Part 5. 

? The letter ballot vote on this recommenda 


tion was favorable; the results of the vote are on 
record at ASTM Headquarters. 
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such as chippage, dimensional tolerances, 
and durability of surface coloring of fac- 
ing brick. This work is being carried on 
through task groups who report periodi- 
cally to the subcommittee. A program in- 
vestigating an accelerated freezing-and- 
thawing test is also being carried on 
under the sponsorship of the subcom- 
mittee. 

Subcommittee ITI on Concrete and Sand 
Lime Units (R. E. Copeland, chairman) 
is considering a program of tests to inves- 
tigate the need for capping the bearing 
surfaces of concrete brick compressive 
strength specimens. This program was 
suggested in view of comparative 
strength values reported for capped and 
uncapped brick in tests conducted by a 
member. 

Subcommittee V on Water-Retardant 
Materials for Masonry Units (C. C. Fish- 
burn, chairman) has continued through 
task groups its investigative work, in- 
cluding cooperative tests, which should 
provide the information needed for the 
development of specifications and meth- 
ods of test for water retardant materials. 

Subcommittee VI on Glazed Brick and 
Tile (E. F. Wanner, chairman) has re- 
viewed a number of editorial revisions of 
Tentative Specifications for Ceramic 
Glazed Structural Clay Facing Tile, Fac- 
ing Brick, and Solid Masonry Units 
(C 126) which had been recommended, 
as well as several desirable revisions in 
substance of this tentative. The subcom- 
mittee has under consideration a request 
for development of specifications for ce- 
ramic glazed units suitable for exterior 
use. 


Subcommitiee IX on Chemical-Resistant 
Units (W. W. Perkins, chairman).—A 
proposed specification for chemical- 
resistant ceramic tower packings is near- 
ing completion. It is hoped that the final 
draft of this proposed specification will 
be ready for presentation to Committee 
C-15 at the Annual Meeting for approval 
by the committee. 

Subcommitiee X on Clay Drain Tile 
(J. C. Sutton, chairman) is considering 
a number of revisions of Tentative Speci- 
fications for Clay Drain Tile (C 4) which 
had been recommended as the result of 
field experience in the use of this specifi- 
cation. Subcommittee X is also preparing 
a new specification for perforated clay 
drain tile. 

Subcommittee XI, Editorial (Frank Bi- 
berstein, chairman) has continued its 
work on reviewing all standards, tenta- 
tives, and proposed tentatives under the 
jurisdiction of Committee C-15. Recom- 
mended editorial revisions of these docu- 
ments were made to the appropriate 
technical subcommittees for action. 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 72 members; 55 members 
returned their ballots, of whom 54 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


J. W. WHITTEMORE, 


Chairman. 


M. H. ALLEN, 
Secretary. 


EpItTorRIAL Note 


Subsequent to the Annual Meeting, Committee C-15 presented to the Society through 


Revision of Tentative S pecifications for: 


(C 126-60 T), and 


the Administrative Committee on Standards the following recommendations: 


Ceramic Glazed Structural Clay Facing Tile, Facing Brick, and Solid Masonry Units 
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Vitrified Clay Filter Block for Trickling Filters (C159-S9T), 


Drying Shrinkage of Concrete Block (C 426 - 58 T). 


= 
- Revision of Tentative Method of Test for: 


lon These recommendations were accepted by the Standards Committee on September 12, 
P 
1961, and the revised tentative specifications and method appear in the 1961 Book of 


ASTM Standards, Part 5. 


@e 
6 e 4 
wef 
f 


fev, pin w 4 
MA se 
‘ oi ti 
ryt 
Wie 
fac 


© 


| 


~ Committee C-16 on Thermal Insulat- 
ing Materials and its subcommittees held 
two meetings during the year: at The 
Hotel Marcy, Lake Placid, N. Y. on 
September 25 to 28, 1960, and at the 
Hotel Netherland Plaza, Cincinnati, 
Ohio in conjunction with Committee 
Week on January 29 to February 1, 1961. 

At the Lake Placid meeting, Russell H. 
Heilman, who has the distinction of 
having attended all the meetings of 
Committee C-16 since its inception, was 
honored with the presentation of a 
framed scroll citing him for his meri- 
torious service and contributions to the 
committee. Mr. Heilman has the honor 
of being the recipient of the Society’s 
Award of Merit. 

The committee consists of 103 voting 
members, of whom 50 are classified as 
producers, 28 as consumers, and 25 as 
general interest members. There are 
also 28 non-voting members, 3 associate 
members, and 5 honorary members. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1960 Annual Meet- 
ing, Committee C-16 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations which were accepted 
on the dates indicated: 


* Sixty-fourth Annual Meeting of the So- 
ciety, June 25-30,1961. 
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New Tentative Methods of Test for: 


Mastic Coatings Used in Conjunction with In- 
sulations (C 461-60T) (Accepted Sept. 29, 
1960), and 

Corrosion of Steel in Contact with Wet Thermal 
Insulating Cement (C 464-61 T) (Accepted 
March 1, 1961). 


Revision of Tentative Specifications for: 


Mineral Fiber Blanket and Felt Insulation (In- 
dustrial Type) for Low Temperature (C 264- 
55 T) (Accepted Sept. 29, 1960). 


Revision and Reversion to Tentative of Standard 
Specifications for: 


Mineral Fiber Thermal Insulating Cement 
(C 195 — 48) (Accepted Sept. 29, 1960), and 
Asbestos Thermal Insulating and Finishing Ce- 
ment (C 194-48) (Accepted Jan. 3, 1961). 


The new Tentative Method C 461 and 
the revised Tentative Specifications 
C 264 and C195 appear in the 1960 
Supplement to Book of ASTM Stand- 
ards, Part 5. The new Tentative Method 
C 464 and the revised Tentative Specifi- 
cation C 194 are available as separate 
reprints. 


TENTATIVE REVISION OF STANDARD © 


The committee recommends tentative — 
revisions as follows of the Standard 
Definitions of Terms Relating to Ther- 
mal Insulating Materials (C 168 

New Definitions——Add the following 
new definitions: 

Blanket Thermal Insulation.—A flexible 
thermal insulation that can readily be con- — 


11958 Book of ASTM Standards, Part 5. — 


formed to curved or irregular surfaces, suitably 
bonded together to provide units of substantial 
area for handling and application and which 
may be faced or reinforced with confining 
media. 

Wood Fiber Blanket Thermal Insulation.—A 
blanket thermal insulation composed of wood 
fibers which may have been chemically treated 

and with or without added binders. 


REVISION OF STANDARD AND 
REVERSION TO TENTATIVE 


The committee recommends revisions 
as appended hereto? of the Standard 
Methods of Sampling and Mixing 
Thermal Insulating Cement (C 163 — 
44)' and reversion of the methods to 
tentative. 


ADOPTION OF TENTATIVES AS STANDARD 
WirHovut REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without 
revision: 


Tentative Specifications for: 
Expanded or Exfoliated Vermiculite Thermal 
Insulating Cement (C 196 — 59 T),? and 


Diatomaceous Silica Thermal Insulating Cement 
(C 197-59 T).3 


Tentative Methods of Test for: 


Mean Specific Heat of Thermal Insulation 
(C 351 59 T),3 

Hot Surface Performance of High-Temperature 
Thermal Insulations (C 411 — 58 T),! 

Weight Loss by Tumbling of Preformed Ther- 
mal Insulation (C 421 — 58 T),! and 

Normal Total Emittance of Surfaces of Mate- 
rials 0.01 in. or Less in Thickness at Approxi- 
mately Room Temperature (C 445 — 59 T).3 


REVISION OF TENTATIVE 


The committee recommends that the 
Tentative Specifications for Mineral 
Fiber Blanket and Felt Insulation 


2? The revised methods appear in the 1961 
Book of ASTM Standards, Part 5. 
31959 Supplement to Book of ASTM Stand- 


(Industrial Type) for Elevated Tem- 
peratures (C 382 —- 56 T)! be revised as 
appended hereto‘ and continued as ten- 
tative. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revision as follows of 
the Standard Method of Test for Cover- 
ing Capacity and Volume Change upon 
Drying of Thermal Insulating Cement 
(C 166 —- 52)' and accordingly asks for 
the necessary nine-tenths affirmative 
vote at the Annual Meeting in order that 
the revisions may be referred to letter 
ballot of the Society: 

Section 3(a).—Change the inside di- 
mensions of the mold from “1 by 12 by 
36 in.” to read “1 by 8 by 36 in.” 


WITHDRAWAL OF STANDARD 


The committee recommends the with- 
drawal of the Standard Method of Test 
for Storage Density of Thermal Insu- 
lating Cement (C 164-52). 


REAPPROVAL OF STANDARDS 


The committee recommends the reap- 
proval of the following standards which 
have stood for six or more years without 
revision: 


Standard Specifications for: 


85 per cent Magnesia Block-Type Thermal In- 
sulation (C 319-55), and 

85 per cent Magnesia Molded-Type Thermal 
Insulation for Pipes (C 320-55). 


Standard Methods of Test for: 


Compressive Strength of Preformed Block- 
Type Thermal Insulation (C 165 — 54), and 
Thermal Conductivity of Materials by Means 

of the Guarded Hot Plate (C 177 — 45). 
Recommended Practice for: 


Clearance of Preformed Thermal Pipe Insula- 
tion (C 312 — 55). 


4 The revised specifications appear in the 1961 


Book of ASTM Standards, Part ene 
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TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 


Tentative Specifications for: 


Diatomaceous Earth Block-Type Thermal In- 
sulation (C 333 - 59 T), 

Diatomaceous Earth Thermal Insulation for 
Pipes (C 334-59 T), 

Amosite Asbestos Thermal Insulation for Pipes 
(C 391-59 T), and 

85 per cent Magnesia Thermal Insulating Ce- 
ment (C 193 59 T). 


Tentative Methods of Test for: 


Thermal Conductivity of Pipe Insulation 
(C 335 54T), 

Thermal Conductivity of Insulating Materials 
at Low Temperature by Means of the Wilkes 
Calorimeter (C 420-58 T), 

Water Vapor Transmission of Materials Used in 
Building Construction (C 355-59 T), and 

Breaking Strength and Calculated Modulus of 
Rupture of Preformed Insulation for Pipes 
(C 446-59 T). 


Tentative Method for Determining: 


Maximum Use Temperature of Preformed High- 
Temperature Insulation (C 447 — 59 T). 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee S-VIII on General 
Standards (H. P. Hoopes, chairman) 
expects to present a modification of the 
Recommended Practices for Prefabrica- 
tion and Field Fabrication of Thermal 
Insulation Fitting Covers (C 450 — 60 T) 
to include the cutting of beveled blocks. 
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This will eliminate the need for writing 
a new standard. 

Subcommitiee S-XI on Reflective In- 
sulation (G. E. Gronemeyer, chairman) 
proposed a research project on the 
effectiveness of reflective insulation in 
gaseous environments of high tempera- 
tures and high pressures to determine 
the values of reflective insulations that 
may be used in nuclear reactors. The 
West Virginia University submitted a 
proposal to the committee for the under- 
taking of this project. The main com- 
mittee indicated that this did not have 
sufficient value at this time for the 
thermal insulation industry as a whole to 
warrant the expense. 

Task Force on Philosophy of Specifi- 
cations has the responsibility of prepar- 
ing a plan for including specifications for 
materials with more usable values to ben- 
efit the users of these standards. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 103 voting members; 78 
members returned their ballots, all of 
whom have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


hae W. C. Lewis, 
Chairman. 
J.M.Hich, 
Secretary. 
ov 


Subsequent to the Annual Meeting, Committee C-16 presented to the Society through — 
- the Administrative Committee on Standards the recommendation for publication as 
tentative of the Method of Test for Resistance to Dropping of Preformed Block-Type 
Thermal Insulation. This recommendation was accepted by the Standards Committee __ 
mH on January 3, 1962, and the method is available as a separate reprint bearing the des-— HA 
ignation C 487 - 62 T. 
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REPORT OF COMMITTEE 
ASBESTOS-CEMENT PRODUCTS* 


Committee C47 on Asbestos-Cement 
Products and its subcommittees met on 
June 27 and 28, 1960, in Atlantic City, 
N. J. during the Annual Meeting of the 
Society, and on November 30 and 
December 1, 1960, in Buffalo, N. Y. 

The committee consists of 38 members, 
of whom 32 are voting members; 10 are 
classified as producers; 6 as consumers; 
16 as general interest members; and 1 
consulting member. 

During the year the committee ex- 
perienced a loss through the death of one 
of its esteemed members, Theodore 
I. Coe. 


ADOPTION OF TENTATIVE AS STANDARD 
WitHout REVISION 


The committee recommends that the 
Tentative Specifications and Methods of 
Test for Corrugated Asbestos-Cement 
Sheets (C 221-58T)! be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision. 


ADOPTION OF TENTATIVE REVISION 
AS STANDARD 


The committee recommends that the 
tentative revisions of Tables I, II, and 
III of the Standard Specifications for 
Flat Asbestos-Cement Sheets (C 220- 
60)? be approved for reference to letter 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 

11958 Book of ASTM Standards, Part 5. 

2 1960 Supplement to Book of ASTM Stand- 
ards, Part 5. 


asbestos-cement 


ballot of the Society for adoption as 
standard. 


ACTIVITIES OF SUBCOMMITTEES 
Subcommittee II on Research (William 


Lerch, chairman) prepared a program of 
papers on the durability of asbestos- 
cement products for the committee meet- 
ing during the 1961 Annual Meeting in 
Atlantic City, N. J. 


Subcommittee III, ISO/TC 77 on As- 


bestos-Cement Products (J. R. Cran, 
chairman).—R. F. Orth of the Johns- 
Manville Corp. and A. E. Binger of The 
Phillip Carey Manufacturing Co., have 
been designated as the U. S. delegates 
to the meeting of ISO/TC 77 to be held 
in London, June 19 to 23, 1961. 


Subcommitiee IV on Roofing and 


Siding (F. A. Crippen, chairman) re- 
viewed the third draft proposal for ISO 
Recommendations on Asbestos-Cement 
Slates for Roofing and Cladding. With 
no clear understanding of the word 
“cladding” 
techniques, it was decided that this prob- 
lem be referred to the American Stand- 
ards Association for clarification. The 
Swedish comments on the first draft 
proposal for an ISO Recommendation 
on Asbestos-Cement Siding have been 
discussed. The subcommittee agreed to 
send the latest revision of the ASTM 
Specification for Asbestos-Cement Siding 


or of foreign application 


(C 223) to the ISO as the comments from 
the United States on draft proposals for 
siding recommenda- 


A task force composed of F. V. 
Camarda, chairman, R. S. Miller, and 
E. A. Farrell was appointed to study the 
ISO methods for impermeability tests, 
frost cracking tests, and the Canadian 
methods for color stability for considera- 
tion for inclusion of these tests in ASTM 
specifications. 

Subcommitiee V on Corrugated and 
Flat Sheets (S. E. Williams, chairman) 
has under consideration the development 
of specifications and methods of tests 
for panel board consisting of asbestos- 
cement faces and organic-fiber cores. A 
task force composed of W. A. Heausler, 
chairman, H. W. Greider, and C. V. 
French, has been given this assignment. 

Subcommitiee VI on Asbestos-Cement 
Pipe (C. R. Meek, chairman).—The 
subcommittee prepared, with the aid of 
Subcommittee II on Research, a method 
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of test for determination of uncombined 
calcium hydroxide. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 32 voting members; 20 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
W. V. FRIEDLAENDER, 
Chairman. 
Smon COLLIER, 
Secretary. 
3 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are on 
record at ASTM Headquarters. = 
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~ Committee C-18 on Natural Building 
Stones held one meeting during the year: 
on May 26, 1961, in Washington, D. C. 

The committee consists of 21 mem- 
bers, of whom 8 are classified as pro- 
ducers, 7 as consumers, and 6 as general 
interest members. There are 3 consulting 
members. 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for six or more years 
without revision: 


Standard Methods of Test for: 

Absorption and Bulk Specific Gravity of Natural 
Building Stone (C 97 — 47), 

Modulus of Rupture of Natural Building Stone 
(C 99 - 52), 

Water Absorption of Slate (C 121 — 48), 

Compressive Strength of Natural Building Stone 
(C 170-50), and 

Abrasion Resistance of Stone Subjected to Foot 
Traffic (C 241 - 51). 


Standard Methods of: 


Flexure Testing of Slate (Modulus of Rupture, 
Modulus of Elasticity) (C 120-52). 


Standard Definitions of Terms Relating to: 
Natural Building Stones (C 119 - 50). 
TENTATIVE CONTINUED 
WitHovuT REVISION 


The committee recommends the con- 
tinuation without revision of the Tenta- 
tive Method of Test for Combined 
Effect of Temperature Cycles and Weak 


* Sixty-fourth Annual Meeting of the Society, 


June 25-30, 1961. 
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NATURAL BUILDING STONES* F 


Salt Solutions on Natural Building 
Stone (C 218 — 48 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.' 


SUBCOMMITTEE ACTIVITIES 


Subcommittee II on Nomenclature and 
Definitions (L. W. Currier, chairman) 
has been asked to give attention to defini- 
tions relating to texture and for better 
classification in cut stone. 

Subcommittee IV on Specifications (F. 
S. Eaton, chairman).—Four task groups 
are actively studying proposed specifica- 
tions for slate, limestone, sandstone, and 
marble respectively. A fifth task group 
on granite is reviewing the Tentative 
Specification for Structural Granite 
(C 422 - 58 T). 


This report has been submitted to 
letter ballot of the committee, which 
consists of 21 members; 16 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
F. S. Eaton, 
Acting Chairman. 
W. F. MULLEN, 
Acting Secretary. 


1 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 


on record at ASTM Headquarters. | r 
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REPORT OF COMMITTEE C-19 | on 

STRUCTURAL SANDWICH CONSTRUCTIONS* 


Committee C-19 on Structural Sand- 
wich Constructions held two meetings 
during the year: on Oct. 4 and 5, 1960, 
in Philadelphia, Pa., and on April 18 and 
19, 1961, in St. Paul, Minn. 

The committee consists of 57 voting 
members, of whom 37 are classified as 
producers, 8 as consumers, 12 as general 
interest members, and 2 consulting 
members. i 


New TENTATIVES 


The committee recommends for publi- 

cation as tentative the following 
methods as appended hereto?! 


Tentative Methods of Test for: 


Flexure-Creep of Sandwich Constructions, and 
Laboratory Aging of Sandwich Constructions. 


REVISION OF TENTATIVE 


The committee recommends revisions 
as follows of the Method of Flatwise 
Flexure Test of Sandwich Constructions 
(C 393 -57 T)* and continuation of the 
method as tentative: 

Title. Change to read as follows: 
“Flexure Test of Flat Sandwich Con- 
structions.” 

Section 1-——Insert the word “flat” 
before the words “sandwich construc- 
tions” in line 2. 

Section 2(b).—Change 

* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 

1 The new tentatives appear in the 1961 Book 


of ASTM Standards, Part 5. 
21958 Book of ASTM Standards, Part 5. 


the word 


“movements” in the third line to 
“moments.” 
Section 7(f). —Change to 


in line 2 and in the formula. a) 


REVISIONS OF STANDARDS, _ 
IMMEDIATE ADOPTION re 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society: 


Standard Method of Test for Density of 
Core Materials for Structural Sand- 
wich Constructions (C 271 - 53)? 


Section 3.—Change to read as follows: 


3. The test specimen shall be in the form of a 
square 3 in. (7.62 cm) in length by 3 in. (7.62 
cm) in width by the thickness of the sandwich 
core material. At least three specimens shall be 
tested. 


Section 5.—Revise to read as follows: 


5. Calculate the density in pounds per cubic 
foot as follows: 


F X 1728 


Density = bibles 

where: 


F = final weight after conditioning, in pounds, 

L = length of specimen after conditioning, in 
inches, 

T = thickness of specimen after conditioning, 
in inches, and 

W = width of specimen after conditioning, in 
inches. 
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If measurements are more conveniently made 
in the metric system, calculate the density and 
convert to English units, as follows: 


A 
Density, lb per cu ft = B X 62.4 


where: 
A = weight of specimen, in grams, and 
B = volume of specimen, in cubic centimeters. 


Standard Method of Shear Test in Flat- 
wise Plane of Sandwich Constructions 
(C 273 53)? 


Title—Change to read as follows: 
“Shear Test in Flatwise Plane of Flat 
Sandwich Constructions or Sandwich 
Cores.” 

Section 1—Add the following sentence 
at end of the paragraph: “The test may 
be conducted on core materials in which 
case facings are not bonded to the core 
and loading plates are bonded directly 
to the core.” 

Section 2—Change to read as follows: 


2. This test provides information on the load- 
deformation behavior of sandwich constructions 
or cores when loaded in shear parallel to the 
plane of the facings. From a complete load- 
deformation curve it is possible to compute shear 
stress of the sandwich or core at any load (such 
as shear stress at proportional limit or at maxi- 
mum load) and to compute an effective shear 
modulus (Note 1) of the sandwich as a unit or 
shear modulus of the core. The shear modulus 
obtained is that associated with the strains in a 
plane perpendicular to the facings and parallel 
to the direction of the applied forces. From tests 
of sandwich construction it is possible to com- 
pute the core shear modulus from the effective 
sandwich shear modulus if the shear modulus of 
the facing material is known. By measuring 
strains in the core, it is possible to obtain core 
shear modulus directly from a test of a complete 
sandwich construction. The test does not pro- 
duce pure shear, but the specimen length is pre- 
scribed so that secondary stresses have a mini- 
mum effect (Note 2). 


Retain the present Note 1. Revise 
Note 2 to read: “Approximate values of 
shear properties can be obtained by a 
flexure test of sandwich construction.*”’ 
Retain the present Footnote3. 
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Section 3(a)——Add the following sen- 
tence after the present fourth sentence: 
“Tt has been found that loading plates 
having a stiffness not less than 600,000 
psi per inch of width per inch of core 
thickness have performed satisfactorily.” 

Section 5—Change to read as follows: 


5. Apply the load to the ends of the rigid 
plates in compression or tension through a 
spherical bearing block or a universal joint so 
as to distribute the load uniformly across the 
width of the specimen. Apply the load at a con- 
stant rate of movement of the movable head of 
the testing machine (Note) such that the maxi- 
mum load will occur within 3 to 6 min. 

Note.—A suggested rate of head movement 
is 0.005 in. per min per inch of specimen length. 
For accurate determination of the properties 
of the specimen, it will be desirable to test under 
continuously applied load; however, if it is im- 
possible to obtain deformation data, the loading 
head may be stopped momentarily as readings 
are taken. The exact procedure used shall be 
described in the report. 


Section 6—Change the third sentence 
to read as follows: “Usually 12 readings 
are adequate to determine the curve to 
the proportional limit.” 

Section 7(b).—Change Note 1 to read 
as follows: 


Note 1.—If final failure occurs in the bond 
between the loading plates and the specimen, the 
test shall be considered unsatisfactory unless 
the specimen shows severe shear distortion and 
partial shear failure before final failure. 


Section 8—Add the following new 
item: 


(5) Description of specimen failure, whether 
final failure occurred in core or bond, or in both 
core and bond. Describe order of failure if pos- 
sible. Describe appearance of specimen if final 
failure occurred in bond between specimen and 
loading plate. 


Figure 1.—Replace this figure with a 
new figure as shown in the accompanying 
Fig. 1. 


3 The new figure is not included in this report 
but appears in the revised method; see 1961 


Book of ASTM Standards, Part 5. a 
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Standard Method of Tension Test in 
Flatwise Plane of Sandwich Construc- 
tions (C 297 — 55)? 


Title—Change to read as follows: 
“Tension Test of Flat Sandwich Con- 
structions in Flatwise Plane.” 

Section 1—Add the following sentence 
at end of paragraph: 


The test consists of subjecting a sandwich 
construction to tensile load normal to the plane 
of the sandwich, such loads being transmitted to 
the sandwich through thick loading blocks 
bonded to the sandwich facings. 


Section 3—Change the last sentence 
to read as follows: 


The loading blocks shall be sufficiently stiff 
to keep the bonded facings essentially flat under 
load. Loading blocks not thinner than the cross- 
sectional dimension of the specimen have been 
found to perform satisfactorily. 


Section 7.—Change to read as follows: 


7. (a) Calculate the flatwise tensile strength 
as follows: 


Flatwise tensile strength 


maximum load 
=> 


gross cross-sectional area 


(6) For open-celled or gridded type cores, 
such as honeycomb where failure occurs in the 
bond between core and facing, the strength per 
unit length of adhesive fillet shall be calculated 
as follows: 


Strength of adhesive fillet 


flatwise tensile strength 
fillet length per unit core area 


Fillet length per unit core area can be found by 
consideration of the core cell geometry; for core 
with hexagon cells it has been found that fillet 
length per unit core area equals four divided by 
the cell size. 


Standard Method of Test for Edgewise 
Compressive Strength of Flat Sand- 
wich Constructions (C 364 — 57):? 


Section 5.—Change the second sen- 
tence to read as follows: 


This may be done (1) by fitting the specimen 
snugly in round steel bars slotted axially to their 
diameter; such bars shall have a diameter not 
less than the thickness of the sandwich plus )4 in.; 
or (2) by using clamps made of rectangular steel 
bars fastened together so as to clamp the speci- 
men lightly between them. 


Seclion 7.—Change to read as follows: 


7. Apply the load through apparatus designed 
to distribute the load properly to each facing 
and uniformly in each facing. A suitable ap- 
paratus is shown in Fig. 1. The load may be con- 
sidered to be distributed properly if the strains 
measured on each facing are within 5 per cent 
of each other in the early stages of loading. It is 
essential that strains be measured in the early 
stages to avoid widely varying results due to 
different effective eccentricities which occur if 
strains are not properly balanced. Strains should 
be measured to the nearest 0.01 per cent by 
means of a strain gage having a gage length not 
greater than two-thirds the unsupported length 
of the specimen. If a complete stress-strain 
diagram is desired, these data may be taken 
throughout the test. The ioad shall be applied 
through constant rate of movement of the 
movable head of the testing machine (Note) 
such that the maximum load will occur in be- 
tween 3 and 6 min. 


Retain the present Note. 
New Figure-—Add a new figure as 
shown in the accompanying Fig. 2.* 


REAPPROVAL OF STANDARD 


The committee recommends the re- 
approval of the Standard Definitions of 
Terms Relating to Structural Sandwich 
Constructions (C 274-53)? which has 
stood for more than six years without 
revision. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the Tenta- 
tive Method of Test for Shear Fatigue of 
Sandwich Core Materials (C 394- 
57 T)2 


EDITORIAL CHANGES 


The committee recommends editorial 
changes as follows in the Standard 
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Methods of Test for Flatwise Com- 
pressive Strength of Sandwich Cores 
(C 365 — 57)2 


Section 5.—Replace the present third 
sentence with the following: 


The ends may be cast or dipped in a thin 
layer of resin (epoxy, polyester, or furan resin 
has been found satisfactory) and cured at room 
temperature or slightly elevated temperature. 
For cores to be tested at elevated temperatures 
(up to 1600 F) sodium silicate has been found 
satisfactory. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Mechanical Prop- 
erties of Basic Materials (W. L. Emerson, 
chairman).—In addition to the consider- 
ation of revisions of standards as men- 
tioned earlier in this report, the sub- 
committee is studying test methods for 
water migration, fluid flow, impact, high 
temperature, and dimensional stability. 


4 The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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voted affirmatively, and 2 negatively. 


Method C272 is being balloted tor 
changes. 

Subcommitiee II on Mechanical 
Properties of Basic Sandwich Construction 
(E. W. Kuenzi, chairman).—Revisions 
were considered and accepted as men- 
tioned earlier in this report. 

Subcommitiee III on Permanence, 
Durability, and Simulated Service (Robert 
Zemer, chairman)——A new tentative 
method for laboratory aging was com- 
pleted as referred to earlier in this 
report. The fourth outside exposure test 
program known as “Delta” was devel- 
oped during the year with four com- 
panies expressing an interest in partici- 
pation. 


This report has been submitted to 
letter ballot of the committee which 
consists of 57 members; 39 members 
returned their ballots, of whom 34 have 


Respectfully submitted on behalf of 
the committee, 


STEVEN YURENKA, 


Chairman. 
J.P.REESE, 
Secretary. 
. 
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REPORT OF C-20 


Committee C-20 on Acoustical Ma- 
terials held two meetings during the 
year: at ASTM Headquarters in Phila- 
delphia, Pa., on Oct. 5 and 6, 1960, and 
at the Granada Hotel, San Antonio, 
Tex. on April 17 and 18, 1961. 

The committee consists of 76 in- 
dividuals representing 22 producers, 11 
consumers, and 32 general interest 
members. There are 63 total votes. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Sound Absorption 
and Attenuation (H. J. Sabine, chairman) 
is continuing its study of the box method 
of measuring absorption, methods of 
achieving uniform diffusion in reverbera- 
tion rooms, and methods for allowing for 
diffraction effects. 

Subcommitiee II on Flame Resistance 
(Wallace Waterfall, chairman) has been 
in liaison with Committee E-5 on Fire 
Tests of Materials and Construction. 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 
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The purpose of meeting in San Antonio 
was to watch the operation of the 
tunnel test at Southwest Research Inst. 

Subcommittee III on Maintenance (W. 

M. Rees, chairman) is circulating for 
comment a revised method of test for 
repaintability of acoustical materials. 

Subcommitiee IV on Application (R. 
Lindahl, chairman) has held several task 
force meetings during the year. Progress 
is being made in an attempt to write a 
performance specification for mechanical 
suspension systems for acoustical prod- 
ucts. 

Subcommittee V on Basic Physical 
Properties (W. A. Jack, chairman) is | 
revising the two proposed methods of 
test for light reflectance, and for airflow 
resistance of acoustical materials. 


Respectfully submitted on behalf of 
the committee, 
R. N. Hamme, 


Chairman. 
HUNTLEY, 


Secretary. 
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Committee C-21 on Ceramic White- 
wares and Related Products held two 
meetings during the year: in Bedford 
Springs, Pa., on Sept. 29, 1960, and in 
Toronto, Ont. on April 25, 1961. 

The committee consists of 55 voting 
members, of whom 27 are classified as 
producers, 6 as consumers, and 22 as 
general interest members. 


New TENTATIVES 


The committee recommends for publi- 
cation as tentative the following methods 


asappended hereto! 
Tentative Methods of Test! 


For Thermal Shock Resistance of Glazed 
Ceramic Tile, 

For Measuring Warpage of Ceramic Tile, 

For Electrical Resistance of Conductive Ceramic 
Tile, and 

To Indicate Bond Strength of Glazed Interior 
Ceramic Wall Tile in Portland Cement In- 
stallations. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature (A. S. 
Watts, chairman) has reviewed a series 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 

1 The new methods appear in the 1961 Book 
of ASTM Standards, Part 5. 

? The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. _ ™ 


REPORT OF COMMITTEE C-21 
ON 


CERAMIC WHITEWARES AND RELATED PRODUCTS* 


aé War 


= 


= 
of definitions that have been submitted 
to the committee for promulgation. 

Subcommitiee II, Editorial (R. F. 
Geller, chairman) has thoroughly re- 
viewed all of. the Committee C-21 
standards and tentatives for editorial 
content. Minor editorial revisions are 
being prepared for submission to the 
committee. 

Subcommitiee III on Fundamental 
Properties (W. C. Mohr, chairman) is 
currently developing nine test methods. 


‘The method of testing for solubility of 


lead from glazed surfaces is being devel- 
oped in concert with many interested 
organizations. Methods for impact test 
and tensile strength are being studied. 
The subcommittee assisted in the 
development of a symposium on the 
current status of tensile strength work 
in the ceramics industry, with the 
American Ceramic Society. 

Subcommittee IV on Clays (G. W. 
Phelps, chairman) is continuing its work 
on the particle size determinations of 
clays using the hydrometer and centri- 
fuge techniques. 

Subcommittee V on Nuclear A pplica- 
tions (J. H. Handwerk, chairman) is 
securing interested and qualified person- 
nel to work on the problem of establish- 
ing standards for nuclear ceramic fuels. 
This subcommittee believes that partial 
standards can now be developed for 
uranium dioxide and uranium dioxide - 
thorium dioxide fuels. These standards 
would not be on the raw material but 
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rather on the finished fabricated ceramics 
and would be designed to correlate test- 
ing and inspecting procedures between 
the manufacturer and the consumer. 
Subcommitiee VI on Ceramic Tile 
(Arno M. Illing, chairman) held a meet- 
ing on January 19, 1960, at Princeton, 
N. J. as well as during the two regular 
meetings of Committee C-21. Four pro- 
posed test methods, mentioned earlier in 
this report, have been submitted to the 
Society for publication. Eight other 
methods for ceramic tile are undergoing 
development by the subcommittee. Data 
from an interlaboratory comparison of 
specular gloss values taken with instru- 
ments of different geometries is being 
prepared for publication. These data 
indicate that the 60-deg geometry is 
best for determining the matness of 
glazed ceramic wall tile. A test method 
based on these data is being prepared. 
Task Group C on Non-plastics (W. P. 
Shulhof, chairman) held a meeting on 
June 29, 1960, in Atlantic City, N. J. 
The committee reviewed its objectives 
toward developing standard particle 
size measurement of non-clay ceramic 
raw materials. The first effort is an inter- 
laboratory study using electroformed 
sieves down to 15 uw and a centrifuge 
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technique. The interlaboratory study 
covers a one-phase system of particle 
size below sieve No. 325 (44 y). 

Task Group G on Nuclear Grade 
Graphite (W. C. Riley, chairman) held 
meetings in Chicago, Ill., on June 13, 
1960, and at La Jolla, Calif., on January 
19, 1961. The Task Group has reviewed 
all tests available for determining the 
properties of nuclear grade graphite. 
Eight ASTM standards are in current 
use and, in addition, methods for out- 
gassing spectrum, grain size, porosity, 
gas evolution, and oxidation rate of 
graphite are used in the industry. 
Efforts will be discussed toward develop- 
ing standard methods for these last five 
properties. The Task Group is preparing 
a set of objectives for the standardizing 
of fuel matrix graphite. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 55 voting members; 50 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
N. T. Morrison, 
Chairman. 
R. C. PHOENIX, 
Secretary. 
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Committee C-22 on Porcelain En- 
amel held two meetings during the year: 
on September 15, 1960, in Williamsburg, 
Va., and on February 3, 1961, in Cin- 
cinnati, Ohio, during ASTM Committee 
Week. 

There were a number of resignations 
and acceptances of new members during 
the year, bringing the total membership 
to 56 members of whom 53 are voting 
members; 30 are classified as producers, 
5 as consumers, and 18 as general in- 
terest members. 


vl 


New TENTATIVE 


The committee recommends for pub- 
lication as tentative the Method of 
Test for Spalling Resistance of Por- 
celain Enameled Aluminum as ap- 
pended hereto." 


REVISION OF TENTATIVE 


The committee recommends revisions 
as appended hereto' of the Tentative 
Definitions of Terms Relating to Por- 
celain Enamel (C 286-58T), and con- 
tinuation of the definitions as tentative. 


__REVERSION OF STANDARD TO 
Tentative Revision 


The committee recommends that the 
Standard Methods of Test for Acid 
Resistance of Porcelain Enamel (C 
282 — 53)? be reverted to tentative with- 


* Sixty-fourth Annual 
Society, June 25-30, 1961. 

1The new and revised tentatives appear in 
the 1961 Book of ASTM Standards, Part 5. 

2 1958 Book of ASTM Standards, Part 5. 
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out revision. Parts of the test procedure 
are undergoing revision, aimed largely 
at improving its applicability to newer 
types of enamel. 


ADOPTION OF TENTATIVE AS 
STANDARD WitTHOUT REVISION 


The committee recommends that the 
Tentative Methods of Test for Abra- 
sion Resistance of Porcelain Enamels 
(C 448-59 T)® be approved for refer- 
ence to letter ballot of the Society for 
adoption as standard without revision. 


REAPPROVAL OF STANDARDS 


The committee recommends the reap- 
proval of the following standards which 
have stood for more than six years with- 
out revision: 


Standard Method of Test for: 


Sieve Analysis of Wet Milled and Dry Milled 
Porcelain Enamel (C 285 — 54), and 

Resistance of Porcelain Enameled Utensils to 
Boiling Acid (C 283 — 54). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the fol- 
lowing tentative: 


Tentative Method of Test for: bad 


Impact Resistance of Porcelain Enameled 
Utensils (C 284-51 T), and 

Warpage of Porcelain Enameled Flatware 
(C 314-53 T). 


31959 Supplement to Book of ASTM Stand- 
ards, Part 5. “ 
a 


The recommendations in this report 
have been submitted to letter ballot 
of the committee, the results of which 
will be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Research (B. J. 
Sweo, chairman) is continuing its work 
on the subjects of ceramic structural 
adhesives, and the role of water in de- 
velopment of defect-producing gas dur- 
ing the enameling process. 

Subcommittee II on Nomenclature 
(E. E. Howe, chairman) initiated the 
task of preparing a glossary to supple- 
ment the Tentative Definitions of Terms 
Relating to Porcelain Enamel (C 286). 
Some of the terms in the current defi- 
nitions are to be transferred to the 
glossary. 

Subcommittee IIT on Education (L. S. 
O’Bannon, chairman) has extended its 
activity to include maintenance of liai- 
son with appropriate organizations in 
other countries, and has increased its 
membership and facilities for reaching 
trade and other publications. 

Subcommitiee IV on Materials (J. F. 
Matejcezyk, chairman) initiated the 
recommendation that the Methods of 
Test for Sieve Analysis of Wet Milled 
and Dry Milled Porcelain Enamel 


4 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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(C 285) be reaffirmed as standard with- 
out revision. A new Joint Task Group 
was formed with Subcommittee XIX of 
Committee A-1 on Steel to select per- 
formance tests for enameling steel, 
to submit them to trial in interlaboratory 
tests, and to analyze results, with the 
purpose of improving existing specifi- 
cations. 

Subcommittee V on Finished Products 
(J. C. Richmond, chairman) proposed a — 
new Tentative Method of Test for the 
Spalling Resistance of Porcelain En- 
ameled Aluminum; recommended that 
Methods C 284 and C 314 be continued 
as tentative without revisions; that 
Method C 282 be reverted to tentative; 
that Method C 448 be adopted as stand- 
ard without revision; and that Method 
C 283 be reapproved as standard. All 
of these recommendations are included 
in the report. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 56 voting members; 35 re- 
turned their letter ballot, of whom 32 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of — 
the committee, 
W. N. Harrison, 
Chairman and 
Acting Secretary. 
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Committee C-23 on Sorptive Mineral 
Materials held one meeting during the 
year: on July 1, 1960, in Atlantic City, 
N. J. 

The committee consists of 21 members, 
of whom 13 are classified as producers, 7 
as consumers, and 1 as a general interest 
member. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1961 Annual Meet- 
ing, Committee C-23 presented to the 
Society through the Administrative 
Committee on Standards the recom- 
mendation that the Methods for Sam- 
pling and Evaluation of Sorptive Min- 
eral Products Used as Floor Absorbents 
be published as tentative. This recom- 
mendation was accepted by the Stand- 
ards Committee on July 6, 1961 and the 
new tentative method appears in the 
1961 Book of ASTM Standards, Part 
10, bearing the designation C 431 — 61 T. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Definitions and 
Nomenclature (H. M. Gwyn, Jr., chair- 
man) is reviewing a series of definitions 
following letter ballot of the committee. 

Subcommittee II on Sampling and 
Testing (M. G. Kramer, chairman) is re- 
viewing interlaboratory test results re- 
ported on methods for bulk density, 
water solubility, water breakdown, re- 
sistance to mechanical breakdown, dust 
content, and water absorption of sorptive 
mineral materials. A method for the 
abrasiveness of these materials is being 
sought. Current industrial methods for 
oil absorption and fire resistance will be 
used by the committee. 


Respectfully submitted on behalf of 
the committee, 
P. R. IzpDEPskI, 
Chairman. 
R. L. 
Secretary. 
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Committee C-24 on Joint Sealants 
held one meeting during the year, on 
June 28, 1960, at Atlantic City, N. J., 
during the Annual Meeting of the 
Society. The subcommittees held meet- 
ings on the same date. 

The Advisory Subcommittee has held 
four meetings during the year: on June 
28, 1960, at Atlantic City, N. J.; on Oct. 
21, 1960, at the Society Headquarters in 
Philadelphia, Pa.; on Nov. 15, 1960, at 
the Shoreham Hotel in Washington, D. 
C.; and on March 9, 1961, at the offices 
of Skidmore, Owings and Merrill in New 
York, N. Y. 

The committee consists of 95 members, 
of whom 80 are voting members; 33 are 
classified as producers, 27 as consumers, 
20 as general interest members, and 15 
as consulting members. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee on Nomenclature 
(Henry Lipkind, chairman).—Mr. Lip- 
kind accepted appointment as chairman 
of this subcommitte in March, 1961, 
succeeding George Lamb, who found 
himself unable to continue in office. An 
active program is being organized. 

The subcommittee has assembled 
several glossaries of terms pertinent to 
the field of joint sealants, including those 
definitions already established by re- 
lated ASTM committees, and is in the 
process of soliciting from all members 
of Committee C-24 suggestions for terms 


* Sixty-fourth Annual Meeting of the Society, 
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requiring definitions. With this informa- 
tion at hand it expects to establish and 
submit for general committee approval 
an initial list of definitions, which will 
serve as the beginning of an ever-growing 
nomenclature relating to sealing ma- 
terials and technology. 

Subcommittee II on Bulk Compounds 
(Francis L. Frybergh, chairman) is or- 
ganized in two task groups: Task Group 
I on Methods of Tests consisting of three 
subgroups; and Task Group II on 
Specifications. 

Task Group I on Methods of Tests: 

Subgroup A on Tests for Adhesion and 


Accelerated Aging (B. Pozniak, chair- — 


man) is proceeding with the formulation 
and evaluation of tests for these prop- 
erties, but due to the relative complexi- 
ties of the work, results are not yet 
available. 

Subgroup B, formerly designated 
“Tests on Flow, Sag, and Application 
Life” (Roger Humke, chairman), has 
redefined its interests to be “Tests for 
Application Rate and Flow,” and has 
conducted experimental work aimed at 
improving test methods for both of these 
properties of bulk compounds. A pro- 
cedure for determining application rate 
by controlled extrusion versus time has 
appeared promising in preliminary ex- 
periments, but will require further inter- 
laboratory testing before it can be 
submitted for approval as a tentative 
method. Experimental work is also being 


done to develop more accurate methods © 


for testing flow, preparatory to sub- 
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jecting these methods to interlaboratory 
evaluation. 

Subgroup C on Staining Tests (A. 
Hockman, chairman) has completed an 
interlaboratory evaluation of a National 
Bureau of Standards test for staining and 
on May 15, 1961, reported favorably on 
the results. Indications are that this test 
method may be superior to that specified 
in American Standard 116.1. Following 
further testing this proposed staining test 
procedure for rubber-base joint sealants 
will be submitted to the committee mem- 
bership for approval as tentative. 

Task Group II on Specifications (F. 
Frybergh, chairman) reports that since 
its work is necessarily dependent on the 
development of approved test methods, 
it will await action on the procedures 
recommended by Task Group I before 
undertaking the development of specifi- 
cations. 

Subcommittee III on Preformed Shapes 
(Robert W. McKinley, chairman) held a 
second meeting during the year, on 
April 11, 1961, as guests of the duPont 
Co., in Wilmington, Del. 

Task Group A on Architectural Seal 
(C. B. Monk, Jr., chairman) has had as 
its primary concern a comprehensive 
study aimed at defining the basic criteria 
for joint seals in architectural work. 
This resulted in the presentation of a 
paper, “Study of Architectural Joint 
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Problems” by C. B. Monk, which will 
admirably serve as a guide in the prep- 
aration of specific standards. To supple- 
ment this, Mr. Monk has also prepared 
an “Outline of End Use Requirements of 
Preformed Gaskets and Tapes as Joint 
Sealants,” and Mr. Jackson has sub- 
mitted for the group’s consideration a 
“Proposed Guide for Specifications and 
Joint Sealants.” 

Work is under way on a recommended 
performance specification for structural 
gasketing, and the group has also under 
consideration a specification for neoprene 
sponge, and for vinyl weatherstrip. 

Task Group B on Underground Pipe 
Seals (F. Valenziano, chairman) has 
compiled a list of standards relating to 
underground pipe joints, seals, and test 
methods to provide a background for the 
development of further standards. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 95 members; 61 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
Wayne F. Koppes, 


i Chairman. 
Juuian R. PANEK, wha 
Secretary. 
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gerd ON 
CERAMICS FOR ELECTRONICS 


Committee C-25 on Ceramics for Elec- 
tronics was organized on April 28, 1960, 
during the annual meeting of the Ameri- 
can Ceramic Society in Philadelphia, 
Pa. Two subsequent meetings were held: 
on Sept. 22, 1960, in Milwaukee, Wis., 
and on April 25, 1961, in Toronto, Ont. 

The committee consists currently of 
169 members, of whom 142 are voting 
members and 27 are consulting members. 
The officers are: 

Chairman, Ralph L. Cook. 

Vice-Chairman, Herman H. Frahme. 

Secretary, Wm. W. Coffeen. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Classification and 
Nomenclature (A. Pincus, chairman) is 
working closely with the same activity 
of the Electronics Division of the Ameri- 
can Ceramic Society to develop a system 
of classification for electronic ceramics 
having a series of definitions of terms re- 
lating to this field. 

Subcommittee III on General Methods 
of Test (J. L. Pentecost, chairman) is 
soliciting the electronics industry to de- 
termine those ceramic test methods that 
need standardization. 

Subcommittee IV on Electrical Insulat- 
ing Materials (H. D. Taylor, chairman) 
has initiated an interlaboratory test 
program to develop standard methods 
for compressive strength and flexural 
strength of ceramic insulators. Consid- 
eration is being given to tests for the 
measurement »f dielectric constant and 
‘oss at microwave frequencies. Liaison is 
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being maintained with ASTM Commit- 
tees C-21 on Whitewares, D-9 on Elec- 
trical Insulating Materials, and F-1 on 
Materials for Electron Tubes and Semi- 
conductor Devices. 

Subcommitiee V on Ferrolectrics (Ro- 
land R. Roup, chairman) has organized 
task groups on electrical test methods, 
process controls, and raw materials. A 
survey of electrical test methods used in 
the ceramics field has been initiated. 

Subcommittee VI on Non-Metallic Mag- 
netic Materials (D. L. Fresh, chairman): 

Task Group A on Computer Applica- 
tions (J. R. Brown, Jr., chairman) held 
a meeting on May 24, 1961, in Washing- 
ton, D. C. in order to further work on 
a method of testing coincident current 
memory cores. 

Task Group B on Microwave Appli- 
cations (E. T. Wierman, chairman) met 
on May 12, 1960, in Boulder, Colo. 
Three proposed methods are nearing 
completion for the complex dielectric 
constant of non-metallic magnetic mate- 
rials at microwave frequencies, fer- 
romagnetic resonance linewidth, and 
gyromagnetic ratio of non-metallic mag- 
netic materials. 

Task Group C on Pulse Transformer 
Applications (C. W. Lundberg, chair- 
man) is being organized. 

Subcommittee VII on Semiconductor 
Materials (W. E. Hauth, Jr., chairman) 
is initiating a program to develop tests 
for fundamental data on ceramic semi- 
conductors comparable to that currently 
available for single crystal materials. 
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Work is also under way on materials for 
both ohmic and non-ohmic resistor ap- 
plications. 

Subcommittee VIII on Composites 
(Morris Berg, chairman) is organizing 
six task groups to cover films and coat- 
ings, laminates, fiber composites, im- 
pregnates, bonded particulates, and 
semiconductors. 

Subcommittee IX on Research (Gilbert 
Goodman, chairman) is reviewing the 
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scope of research in the electronic ce- 
ramics field for possible new areas of 
work that may be of value to the work 
of the committee. 


Respectfully submitted on behalf of 
the committee, 
R. L. Cook, 


Chairman. 
W. W. CoFFEEN, 
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REPORT OF COMMITTEE D-1 
ON 
? 
«sg PAINT, VARNISH, LACQUER, AND RELATED PRODUCTS* © 


Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products held two 
meetings during the year: on June 27 to 
29, 1960, in Atlantic City, N. J., in 
connection with the Annual Meeting of 
the Society, and in Roanoke, Va., on 
Feb. 13 to 15, 1961. 

At the June, 1960, meeting, Walter C. 
Granville, Industrial Color Consultant, 
presented a very interesting paper on 
“The Relation Between Color Systems 
and Color Usage.” It covered such 
matters as popular trends in color as 
related to paints, roofing materials, and 
other similar items. The author pointed 
out that colors should be chose» in terms 
of a particular situation or environment 
rather than from the relationship of the 
colors to each other. Background effects 
on colors should also be given considera- 
tion in the development of a color 
scheme. 

At the February, 1961, meeting James 
McCallum of the Beckman Instruments 
Co., presented a talk on “Gas Chroma- 
tography in the Analysis of Paints,” 
pointing out the basic principles of gas 
chromatography and techniques for its 
use in analytical work with paint 
materials. 

Committee D-1 has continued its 
close cooperation with the Federation of 
Societies for Paint Technology and as a 
result 112 standards have been jointly 


* Sixty-fourth Annual Meeting of the Society, 


June 25-30, 1961. 


approved by both organizations. The 
joint Federation-ASTM Committee on 
Paint, Varnish, and Lacquer (B. G. 
Brand, chairman), serves as the per- 
manent liaison between the two or- 
ganizations. 

The Committee on Intercommittee 
Relations (J. C. Weaver, chairman) is 
composed of the official representatives 
of Committee D-1 on other ASTM 
technical committees. The committee 
thus serves to maintain close contact 
between Committee D-1 and those com- 
mittees whose activities are of interest to 
Committee D-1. In the past year, a repre- 
sentative of Committee D-1 has been 
appointed to the new Committee E-18 
on Sensory Evaluation of Materials and 
Products. 

At the February, 1961, meeting, 
Henry A. Gardner and Robert I. Wray 
were unanimously elected Honorary 
Members of Committee D-1. 


STANDARDS 


The methods listed below currently 
appear in the Standard Methods of 
Testing Drying Oils (D 555-58), or 
the Tentative Methods of Testing Fatty 
Acids Used in Protective Coatings 
(D 1467 — 59 T),? or in both as indicated. 
The committee recommends that these 
methods be published as separate stand- 


11958 Book of ASTM Standards, Part 8. 
21959 Supplement to Book of ASTM 
Standards, Part 8. 


ite 


ards with the exception of the test for 
hydroxyl value which is recommended 
for publication as tentative. The sec- 
tions of Methods D555 and D 1467 
where these tests currently appear are 
indicated below; the methods themselves 
are not appended to this report. In 
several cases it has been necessary to 
make minor changes in the methods as 
indicated in order to complete them for 
publication as separate standards.* 


Standard Method of Test for Specific 
Gravity of Drying Oils, Varnishes, 
Resins, and Related Materials at 
25/25 C (Present Sections 4 to 9 of 
Methods D 555): 


New Section.—Add the following new 
sections on scope and precision: 


Scope.—This method is applicable to drying 
oils, varnishes, alkyd resins, fatty acids and 
related materials. The procedures described 
here are recommended where precision is 
required in the determination of specific gravity, 
such as establishing specifications or referee 
work. Procedures are included for the following: 

(1) Materials with a viscosity of 40 stokes 
or less use the Leach type pycnometer. 

(2) Materials with a viscosity in excess of 
40 stokes use the Hubbard type pycnometer. 

(3) Materials that are solid or semi-solid at 
25 C but liquid at slightly higher temperatures 
use the Hubbard type pycnometer. 

The weight-per-gallon cup method is satisfac- 
tory for most routine laboratory work although 
the precision does not equal that of the pyc- 
nometer. The procedure described here for the 
use of the Hubbard type pycnometer is appli- 
cable to the weight-per-gallon cup or the Method 
of Test for Density of Paint, Varnish, and 
Related Products (ASTM Designation: D 1475) 
may be used. 

Hydrometers provide a rapid method for 
checking specific gravity and are generally 
satisfactory for routine control work. However, 
the precision of the hydrometer method is not 
adequate where accurate results are required. 
The Method of Test for Specific Gravity of 
Petroleum Products (ASTM Designation: 
D 1298) describes the procedure for use of the 
hydrometer in determination of specific gravity. 

Norte.—Hydrometers are normally calibrated 
to read specific gravity at 15.5/15.6 C. The 


3 The new standards appear in their entirety 
in the 1961 Book of ASTM Standards, Part 8. 


ASTM specifications for specific gravity of 
drying oils and fatty acids are given at 25/25 C. 
Difficulties have been experienced in obtaining 
hydrometers calibrated at 25/25 C. 

Precision.—(a) Fourteen laboratories partici- 
pating in the AOCS Smalley check series re- 
ported single results on 6 oils for a total of 84 
results and a calculated standard deviation of 
0.00049. 

(6) Reproducibility, 95 per cent confidence 
limits: Single determinations made in two dif- 
ferent laboratories shall not differ by more than 
0.0013. 


Standard Method of Test for Saponifica- 
tion Value of Drying Oils and Fatty 
Acids (Present Sections 14 to 17 of 
Methods D 555 and Sections 19 to 23 
of Methods D 1467): 


New Section.—Add the following new 
section on scope: 

Scope.—This method covers the determina- 
tion of the saponification value of drying oils, 
bodied oils, and fatty acids. 

Standard Method of Test for Unsaponi- 
fiable Matter in Drying Oils and 
Fatty Acids (Present Sections 18 to 21 
of Methods D 555 and Sections 24 to 
28 of Methods D 1467): 


New Section Add the following new 
section on scope: 

Scope.—This method covers a procedure for 
determining the unsaponifiable matter present 
in all natural and synthetic drying oils and their 
fatty acids and any other fatty acids used in 
protective coatings. 


Standard Method of Test for Iodine 
Value of Drying Oils and Fatty Acids 
(Present Sections 22 to 25 of Methods 
D555 and 14 to 18 of Methods 
D 1467): 


New Section.—Add the following new 
section on scope and a new Note 2 
under Definition: 


Scope—This method describes the Wijs 
procedure for determination of unsaturation 
(iodine value) in drying oils. It is applicable to 
all natural and synthetic drying oils and their 
fatty acids. 

Note 2.—The Wijs iodine value method is 
not reliable for tall oil fatty acids containing 
appreciable quantity of rosin acids. 
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Standard Method of Test for Loss on 
Heating of Drying Oils (Present Sec- 
tions 26 and 27 of Methods D 555): 


New Section.—Add the following new 
section on scope: 


Scope.—This method determines moisture 
and any other material that is volatile under 
the conditions of the test. It is applicable to all 
natural drying oils (Notes 1 and 2). 

Note 1.—Care must be taken to keep the 
surface of the oil blanketed with inert gas 
throughout the test to prevent oxidation of the 
oil. 

Note 2.—For solutions of drying oils in 
volatile organic solvents it is recommended 
that the Methods of Test for Nonvolatile 
Content of Resin Solutions (ASTM Designation: 
D 1259) or for Non-volatile Content of Varnishes 
(ASTM Designation: D 1644) be used. 


Standard Method of Test for Foots in 
Raw Linseed Oil (Present Sections 
31 to 37 of Methods D 555): 


Revised Sections.—Revise the sections 
on scope and definition to read as follows: 


Scope.—This method is designed to cover the 
determination of foots in raw linseed oil. 

Definition.—(a) Foots is a term that originally 
was used to describe those solid impurities that 
precipitate from raw linseed oil during storage 
and which then settle to the bottom or “foot” 
of a storage tank. 

(6) In this test the term foots denotes 
material insoluble in a mixture of equal parts 
of acetone and the oil under test, and insoluble 
in calcium chloride solution, under the specific 
conditions of the test. 


New Sections.—Add the following two 
new sections on Report and Precision: 


Report.—Report the results to the first 
decimal place. 

Precision.—Adequate precision data are not 
available. Some oils yield relatively good 
precision data; other oils, at comparable foots 
levels, yield relatively poor data. The production 
methods used are the primary causes of this 
variation. 


Standard Method of Test for Quantita- 
tive Determination of Break in Drying 
Oils (Present Sections 38 to 42 of 

Methods D555): | 


New Section—Add the following new 
section on scope: 


Scope.—This method is applicable to non- 
substituted raw and refined drying or fatty 
oils that have not been substantially poly- 
merized, oxidized or chemically modified. 


Definition.—Revise the definition of 
break to read as follows: 


Break in drying oils is that material which 
may be rendered insoluble when the oil is 
heated to polymerization or varnish-making 
temperatures. 


Standard Method of Test for Acetone 
Tolerance of Heat-Bodied Drying 
Oils (Present Sections 43 to 47 of 
Methods D 555). 


Standard Method of Test for Gel Time 
of Drying Oils (Present Sections 48 
to 51 of Methods D 555): 


New Section.—Add the following new 
section on precision: 


Precision.—At 67 per cent confidence limits, 
standard deviation within a laboratory is 5 sec 
and between laboratories 25 sec. 


Standard Method of Test for Tung Oil 
Quality (Present Sections 52 to 55 of 
Methods D 555). 


Standard Method of Test for Drying 
Properties of Drying Oils (Present 
Sections 56 to 59 of Methods D 555): 


New Sections.—Add the following new 
sections on scope, definitions, and pre- 
cision: 


Scope.—This method determines the drying 
characteristics of drying oils. 

Definitions: (a) Set-to-Touch Time.—The 
time required, under the conditions outlined, 
for the oil to reach a point where the adhesion 
to an external object is less than the internal 
cohesion of the film. 

(b) Dry Time.—The time required, under the 
conditions outlined, for the oil film to reach the 
end point described herein. 

Precision: (a) Set-to-Touch Time.—Collabora- 
tive tests indicate that repeated measurements in 
the same laboratory on set-to-touch time should 
agree within 0.2 hr. Different laboratories should 
agree within 0.4 hr. 
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(b) Time of Drying.— Because of the subjec- 
tive nature of the time of drying test, the agree- 
ment to be expected between laboratories 
depends upon their understanding of the terms 
used, and cannot be established with certainty. 
Within a laboratory, the agreement depends 
upon the oil being tested, some being much 
sharper in their end point than others, but 
duplicate determinations should agree within 10 
per cent of the time of drying. 


Standard Method of Test for Ash in 
Drying Oils and Fatty Acids (Present 
Sections 60 to 62 of Methods D 555 
and Sections 40 to 43 of Methods 
D 1467): 


Standard Method of Test for Matter 
Insoluble in Chloroform in Oiticica 
Oil (Present Sections 64 to 66 of 
Methods D 555): 


New Section—Add the following new 
section on scope: 


Scope.—This method of test covers the matter 
insoluble in chloroform of oiticica oil. It may 
also be used for other drying oils. 


Standard Method of Test for Heat 
Bodying Rate of Drying Oils (Present 
Sections 77 to 81 of Methods D 555). 


Standard Method of Test for Maleic 
Diene Value of Drying Oils (Present 
Sections 82 to 86 of Methods D 555). 


Standard Method of Test for Titer of 
Fatty Acids (Present Sections 7 to 9 
of Methods D 1467). 


Standard Method of Test for Acid 
Value of Fatty Acids (Present Sections 
10 to 13 of D 1467): 


New Sections.—Add the following new 
sections on scope and precision: 


Scope.—This method measures the acidity 
or amount of free fatty acids and is applicable 
to all fatty acids. 

Precision.—In a collaborative study involving 
four laboratories with two operators in each 
laboratory and three samples of fatty acids the 
following precision, at 95 per cent confidence 
limits, was obtained: 


(a) Repeatability—Two single determina- 


tions performed in one laboratory shall not 
differ by more than 2.3. 

(b) Reproducibility—Single determinations 
performed in two different laboratories shall not 
differ by more than 2.4. 


Standard Method of Test for Color After 
Heating of Fatty Acids (Present Sec- 
tions 29 to 32 of Methods D 1467): 


New Section.—Add the following new 
section on significance of test: 

Significance of Test.—The color of a fatty 
acid is readily affected by heat and oxidization. 
Variations on degree of heat, time of heat and 
exposure to atmosphere during heating have a 
marked effect on the color obtained, therefore, 
conformity to the equipment and procedure 
outlined in the method is essential to accuracy 
and precision. 


New TENTATIVES 


The committee recommends for publi- 
cation as tentative the following speci- 
fications and methods as appended 
hereto:* 


err 


Tentative Specifications for: 

Distilled Coconut Fatty Acids, 

Distilled Corn Fatty Acids, » 

Fractionated and Distilled Cottonseed Fatty 
Acids, and 

Asbestos-Cement Shingle Blanks to be Used as 
Panels in Weathering Tests of Latex and 
Emulsion Paints. 

Tentative Methods of: 

Chemical Analysis of Strontium Chromate 
Pigment, 

Test for Water Soluble Matter in Iron Oxide 
Pigment by Specific Resistance Method, 

Chemical Analysis of Basic Lead Silico Chro- 
mate, 

Test for Total Chlorine Content of Epoxy 
Resins, 

Reporting Paint Film Failures Characteristic of 
Exterior Latex Paints, and 

Test for Package Stability of Latex Paint. 


Tentative Method of Test for Hydroxyl 
Value of Fatty Oils and Acids (Present 
Sections 67 to 70 of Methods D 555): 


Definition —Omit the present defini- 
tion in Section 67. 


4 The new tentatives appear in the 1961 Book 
of ASTM Standards, Part 8. 
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New Sections —Add the following new 
sections on scope and precision. 


Scope.—(a) This method covers the deter- 
mination of the hydroxyl content of castor oil, 
dehydrated castor oil, and their derivatives. 

(6) This method may also be used for other 
fatty products such as; fatty alcohols, mono 
and diglycerides and hydroxystearic acid but 
the precision will not necessarily be as indicated. 

Precision—The following data should be 
used for judging the acceptability of the results 
on hydroxyl value (95 per cent confidence level): 

(a) Repeatability—Duplicate results by the 
same operator should not be considered suspect 
unless they differ by more than 2.4. 

(6) Reproducibility—The result submitted 
by each of two laboratories should not be con- 
sidered suspect unless two results differ by 
more than 3.0. 


REVISION OF TENTATIVE 


The committee recommends revision 
as follows of the Tentative Method of 
Test for Acidity in Lacquer Solvents 
and Diluents (D 1613 —- 58 T),! and con- 
tinuation of the method as tentative: 

Note 1.—Change to read as follows: 


Note 1.—Isopropyl alcohol or 190-proof 
ethyl alcohol conforming to formula No. 3A of 
the U. S. Bureau of Internal Revenue is suitable 
for use as the solvent. The use of methyl alcohol 
is not recommended. 


TENTATIVE REVISION OF STANDARD 


The committee recommends the fol- 
lowing two definitions as a tentative 
revision of the Standard Definitions of 


Terms Relating to Paint, Varnish, 
Lacquer, and Related Products (D 
16-59)? 


Durability.—A relative term indicating degree 
of permanency. It may be applied to individual 
protective, decorative, or functional proper- 
ties, for example, “the durability of gloss,” 
but if used in a general way, for example, 
“the excellent durability of a paint,” implies 
the ability of the described coating to retain, 
to the indicated degree, all of the properties 
required for the continued service of the 
coating. 

Lacquer.—A coating composition which is 


based on synthetic thermoplastic film-forming 
material dissolved in organic solvent and 
which dries primarily by solvent evaporation. 
Typical lacquers include those based on 
nitrocellulose, other cellulose derivatives, 
vinyl resins, acrylic resins, etc. 


ADOPTION OF TENTATIVES AS STANDARD 
WitHout REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 


for adoption as standard without 
revision: 

Tentative Specifications for: 


Raw Tung Oil (D 12-59T), 
Boiled Linseed Oil (D 260 - 58 T),! and 
Basic Lead Silico-Chromate (D 1648 - 59 T).? 


Tentative Methods of Test for: 


Viscosity Reduction Power of Hydrocarbon 
Solvents (D 1311-54T),} 

No-Smear Time of Traffic Paint (D 1359 - 55 T),? 

Sampling Liquid Oils and Fatty Acids Com- 
monly Used in Paints, Varnishes, and Related 
Materials (D 1466 - 57 T),! 

Effect of Staining Agents on Organic Finishes 
Used in the Transportation Industry (D 1540 
-58T),! 

Phthalic Acid Isomers and Benzoic Acid in 
Alkyd Resins and Esters (D 1651 - 59 T),? and 

Evaluation of Painted or Coated Specimens 
Subjected to Corrosive Environments (D 
1654 - 59 T)2 


ADOPTION OF TENTATIVE AS STANDARD 
WITH REVISION 


The committee recommends that the 
following tentative be approved for 
reference to letter ballot of the Society 
for adoption as standard with revisions 
as indicated: 


Tentative Method of Test for Kauri- 
Butanol Value of Solvents (D 1133 - 
54T):! 


Section 8 —Change to read as follows: 


8. Precision.—Duplicate results in the range 
of 30 to 90 should not be considered suspect 
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unless they differ by more than the following 
amounts (95 per cent probability): 


Repeatability Reproducibility 
001K-O01 0.03K + 1.0 
where: 


K = average kauri-butanol value. 


Methods of Testing Fatty Acids Used in 
Protective Coatings (D 1467 - 59 T):? 


Revise as appended hereto.® This revi- 
sion is contingent upon the establishment 
as standards of the several methods 
referred to as indicated earlier in this 
report under New Standards. 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society: 


Standard Method of Test for Flash Point 
by Tag Closed Tester (D 56-56) 
(Jointly with Committee D-2):! 


Section 1.—Change to read as follows: 


1. This method of test is intended for 
determining the flash point of all mobile liquids 
flashing below 175 F (79C), except products 
classed as fuel oils. 


Appendix II, Section A6.—In the re- 
quirements for purity insert after the 
words “95 per cent min,” the following 
“(11.23 C freezing point, min).” 


Methods of Sampling and Testing 
Lacquer Solvents and  Diluents 
(D 268 - 59):? 

Sections 20 to 24.—Delete those sec- 
tions which describe the toluene (toluol) 
dilution ratio test and replace by a refer- 
ence to the Tentative Method of Test 
for Dilution Ratio in Cellulose Nitrate 
Solutions for Active Solvents, Hydro- 


5 The revised standards appear in the 1961 
Book of ASTM Standards, Part 8. 
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carbon Diluents, and Cellulose Nitrates 


(D 1720 - 60 T). 


Standard Specifications 
Oxide (D 80 - 41 ):! 


for 


Section 2.—Change the table of re- 
quirements for composition and proper- 
ties of dry pigment to read as follows: 


Leaded 


35 per cent 
Leaded 
Zinc oxide, per cent................ 61 to 67 
Matter soluble in water, max, per 
Moisture and other volatile matter, 
Total zinc oxide and basic lead sul- 
fate, min, per cent............. 98 
Basic lead sulfate (containing 15 to 
28 per cent PbO): 
37 
Coarse particles (total residue re- 
tained on a No. 325 (44-micron) 
sieve, max, per cent............ 1.0 


Standard Specifications for Petroleum 
Spirits (Mineral Spirits) (D 235 - 59):? 


Section 2.—Change the distillation re- 


quirements to read as follows: 
Percentage recovered a 


350 F (177 C), using Method D 86, min.. 
357 F (180.5 C), using Method D 1078, 
50 


End Point: 
Using Method D 86, max..... 
Using Method D 1078, max... 
Section 3(d).— 
follows: 


410 


(d) Distillation —Method of Test for Distilla- 
tion of Petroleum Products (ASTM Designa- 
tion: D 86) or Method of Test for Distillation 


Range of Lacquer Solvents and 


(ASTM Designation: D 1078). Distillation data 
obtained by Method D 86 can be converted to 
Method D 1078, or vice versa, by employing the 


following equations:5+ 
D 1078, in deg Cent = 1.025 


(D 86, in deg Cent) — 0.993 


D 86, in deg Cent = 0.975 


(D 1078, in deg Cent) + 0.969 


Se These equations are based on data obtained 
in an interlaboratory study of Methods D 86. 


(417 F) 214C 


Change to read as 


50 


F (210 C) 


Diluents 


-— 
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and D 1078 as reported in an article entitled, 
“Cooperative Interlaboratory Study of ASTM 
Distillation Methods D 86 and D 1078,” by 
T. R. Donlan, which is now pending publication. 


Standard Methods of Test for Non- 


volatile Content of Resin Solutions 
(D 1259 — 58):! 


Revise as appended hereto.’ The re- 
sults of the cooperative tests in the inter- 
laboratory study of these revised meth- 
ods are shown in Tables I and II. 


Standard Specifications for Industrial 90 
Benzene for Use in Paint, Varnish, 


Lacquer, and Related Products 
(D 361-36): Revise as appended 
hereto.® 


Standard Specifications for Industrial 
Grade Toluene for Use in Paint, 
Varnish, Lacquer, and Related Prod- 
ucts (D 362 — 36): Revise as appended 
hereto.5 


Standard Specifications for Industrial 
Grade Xylene or Solvent Naphtha for 
Use in Paint, Varnish, Lacquer, and 
Related Products (D 364-36): Re- 
vise as appended hereto.® 


Standard Methods of Testing Drying 

Oils (D 555 - 58): 

Revise as appended hereto.’ This re- 
vision is contingent upon the establish- 
ment as standards of the several meth- 
ods referred to as indicated earlier in this 
report under New Standards. 


Standard Method of Preparation of Steel 
Panels for Testing Paint, Varnish, 
Lacquer, and Related Products (D 
609 — 52): Revise as appended hereto.5 


Standard Method of Test for Acid Value 
of Varnishes (D 1639 —59):? Revise as 
appended hereto.> 


WITHDRAWAL OF STANDARDS 


The committee recommends the with- 
drawal of the following standards for the 
reasons indicated: 
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Standard Method of Test for Relative 
Dry Hiding Power of White Pigments 
in a Linseed Oil Vehicle (D 406 - 39).' 
This method has been superseded by 
Method D 1738 - 60 T. 


Standard Method of Test for Nitro- 
cellulose Diluting Power of Hydro- 
carbon Solvents (D 1134-53).! This 
method is now included in Method 
D 1720 - 60 T. 


WITHDRAWAL OF TENTATIVE 


The committee recommends the with- 
drawal of the Tentative Specifications for 
Heavy Petroleum Spirits (Heavy 
Mineral Spirits) (D 965 - 59 T)? because 
the specifications are obsolete. 


REAPPROVAL OF STANDARDS _ 


The committee recommends the re- 
approval of the following standards 
which have stood for six or more years 
without revision: 


Standard Specifications for: 
Wood to be Used as Panels in Weathering Tests 
of Paints and Varnishes (D 358 — 55), 
Oiticica Oil (Permanently Liquid) (D 601 - 55), 
Raw Castor Oil (D 960-52), and 
High-Gravity Glycerin (D 1257 - 55). 


Standard Methods of Test for: 


Specific Gravity of Pigments (D 153 - 54), 

Oil Absorption of Pigments by Spatula Rub-out 
(D 281 - 31), 

Consistency of Exterior House Paints and 
Enamel-Type Paints (D 562 - 55), 

Evaluating Degree of Resistance to Rusting 
Obtained with Paint on Iron or Steel Surfaces 
(D 610 - 43), 

No-Pick-up Time of Traffic Paint (D 711-55), 

Conducting Road Service Tests on Traffic 
Paint (D 713 — 46), 

Producing Films of Uniform Thickness of 
Paint, Varnish, Lacquer, and Related Pro- 
ducts on Test Panels (D 823 - 53), 

Water Immersion Test of Organic Coatings on 
Steel (D 870 - 54), 

Laboratory Test for Degree of Resistance of 
Traffic Paint to Bleeding (D 969 — 54), 

Heptane Number of Hydrocarbon Solvents 
(D 1132 - 53), 


— 


Roundness of Glass Spheres (D 1155 - 53), Measurement of Wet Film Thickness of Paint, 
Measurement of Dry Film Thickness of. Non- Varnish, Lacquer, and Related Products 
Magnetic Coatings of Paint, Varnish, Lacquer, (D 1212 - 54), 
and Related Products Applied on a Magnetic Crushing Resistance of Glass Spheres (D 
Base (D 1186 - 53), 1213 — 54), 
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TABLE I.—RESULTS OF COOPERATIVE TESTS BY FOIL METHOD FOR NONVOLA- 
TILE CONTENT OF EPOXY RESIN SOLUTIONS (METHOD B, 2 HR IN FORCED-VEN- 
TILATION OVEN AT 105 C). 


Jones, Jones-Dabney Shell Epon, 
| Resin Solution, Epoxy Resin 836-C-75 Resin Resin Solution, 
Solution, 50 per | Solution, 75 per per cont Range 
cent Solids cent Solids Within 
Laboratory Labora- 
wi esi elles «| per | cent | per | cent | per | cent | per | cent 
Sita cent cent cent cent 
Aberdeen Proving Ground...| 59.2 | 0.0 inal 51.6 | 0.1 0.1 
Allied Chemical Corp........ 59.5 | 0.1 | 49.6] 0.1 | 75.5 | 0.2 | 51.9] 0.5 0.2 
Hercules Powder Co......... 59.5 | 0.1 | 49.7 | 0.3 | 75.5 | 0.1 | 52.1 | 0.7 0.3 
Shell Chemical Corp.........| 59.3 | 0.2 | 49.6 | 0.1 | 75.5 | 0.2 | 52.3 | 0.2 0.2 
Sherwin-Williams Co......... 59.6 | 0.1 | 49.9] 0.4 | 75.6 | 0.1 | 52.4; 0.0 0.2 
Average of Average Results. .| 59.4 49.7 75.5 52.1 
Range of Average Results....| 0.4 0.3 0.1 0.8 
Average Range.............| 0.1 0.2 0.2 0.3 


TABLE II.—COMPARISON OF GRAVITY-CONVECTION AND FORCED-VENTILA- 
TION OVENS FOR DETERMINING NONVOLATILE CONTENT OF NON-HEAT-REAC- 
TIVE RESIN SOLUTIONS (METHOD A, 30 MIN AT 105 C). 


ed Air-Dry Linseed Alkyd | Air-Dry Sova Alkyd in 


Pan Mineral Spiri 
- ie, é ‘50 per cent 50 per cent Solids 
ss Laboratory Type Oven Type Oven Type Oven 
eit Forced Gravity Forced Gravity Forced Gravity 


Ventilation, |Convection, | Ventilation, |Convection, |Ventilation, |Convection, 
Average Average Average Average Average Average 
per cent per cent per cent per cent per cent per cent 


Aberdeen Proving Grounds...... 49.6 49.7 50.0 50.0 51.3 51.4 
Allied Chemical Corp............ 49.7 49.7 49.8 49.6 51.2 51.1 
American Cyanamid............ 49.9 50.1 50.1 50.2 51.3 51.4 
Average of Average Results...... 49.7 49.8 50.0 49.9 51.3 51.3 
Range of Average Results....... 0.3 0.4 0.3 0.6 0.1 0.3 
Difference in Average Results by 

the Two Methods............ +0.1 —0.1 0.0 


Solvent Tolerance of Amine Resins (D1198- Sampling and Testing High-Gravity Glycerin 
55), (D 1258 - 55), 
Color of Clear Liquids (Platinum-Cobalt Residual Odor of Lacquer Solvents and Diluents 
Scale) (D 1209 - 54) (D 1296 - 55), and 
: Single and Multi-Panel Forms for Recording 
Fineness of Dispersion of Pigment-Vehicle Results of Exposure Tests of Paints (D 
Systems (D 1210 - 54), 1150 — 55). 


| 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 

Tentative Methods of Test for: 


Knoop Indentation Hardness of Paint, Varnish, 
and Lacquer Coatings (D 1474-57 T), 
Epoxy Content of Epoxy Resins (D 1652-59 


T), and 
Moisture Vapor Permeability of Organic 


Coating Films (D 1653-59 T). 
CONTINUATION OF TENTATIVE REVISION 


The committee recommends that the 
tentative revision covering a method of 
test for heat-bleach of drying oils of the 
Standard Methods of Testing Drying 
Oils (D 555— 58)! be continued without 
revision. 


EDITORIAL CHANGES 


The committee recommends editorial 
changes as indicated in the following 
standards and tentatives: 


Standard Specifications for Amyl Acetate 
(Synthetic) (85 to 88 per cent Grade) 
(D 318 58):! 

Section 3(d).—Change lines 5 and 6 to 


read: “Distillation Thermometer 102 C 
having a range of 123 to 177 C.” 


Standard Specifications for Ethylene 
Glycol Monobutyl Ether (D 330- 


56):! 

Section 3(d).—Change lines 5 and 6 to 
read: “Distillation Thermometer 103 C 
having a range of 148 to 202 C.” 


Standard Specifications for Ethylene 
Glycol Monoethyl Ether (D 331 — 56):! 


Section 3(d).—Change lines 5 and 6 to 


read: “Distillation Thermometer 102 C 
having a range of 123 to 177 C.” 


Standard Specifications for Acetate Ester 
of Ethylene Glycol Monoethyl Ether 
_ (95 per cent Grade) (D 343 - 56):' 


rg Section 3(d).—Change lines 5 and 6 to 
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read: “Distillation Thermometer 102 C 
having a range of 123 to 177 C.” 


Standard Method of Evaluating Degree 
of Resistance to Chalking of Exterior 
Paints of the Linseed-Oil Type 
(D 659 — 44):! 
Title—Delete 


“of the Linseed-Oil 

Section 1.—Delete “‘linseed-oil type” 
in line 4, and “on wood surfaces” in — 
line 5. 

Section 2.—Add to the end of the last 
sentence: “or other means.” 

Section 4.—Add to the end of the para- 
graph: “There are also mechanical de- 
vices which may be used to accomplish 
the results.” 

New Footnote-—Add a new footnote 
referenced to the new sentence in Section 
4 to read: “An example is the Erickson 
chalk rate tester.” 

Section 5(d).—Delete the last two 
sentences. 


Standard Method of Evaluating Degree 
of Resistance to Checking of Exterior 
Paints of the Linseed-Oil Type (D 
660 — 44):! 
Title—Delete 

Type.” 

Section 1.—Delete “linseed-oil type” 
in line 4, and “on wood surfaces” in 
line 5. 

Section 4(d).—Delete ‘Linseed-oil” 
and change “often” to “may” in line 1. 


Standard Method of Evaluating Degree 
of Resistance to Cracking of Exterior 
Paints of the Linseed-Oil Type (D 
661 — 44):! 
Title.—Delete 


“of the Linseed-Oil 


“of the Linseed-Oil 
Section 1.—Delete “linseed-oil type” 
in line 4, and “on wood surfaces” in 
line 5. 
Section 4(d).—Delete “Linseed-oil” 
and change “often” to “may” in line 1. 
Section 4(e).—Insert “wood panels” 
after “examining” in line 1. 
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Standard Method of Evaluating Degree 
of Resistance to Erosion of Exterior 
Paints of the Linseed-Oil Type (D 
662 — 44):! 
Title—Delete 

Type.” 

Section 1.—Delete “linseed-oil type” 
in line 4, and “on wood surfaces” in 
line 5. 

Section 2.—Add the words “or under- 
coat” after the word “substrate” in 
lines 3 and 5. 


Standard Methods of Evaluating Degree 
of Resistance to Flaking (Scaling) of 
Exterior Paints of the Linseed-Oil 
Type (D 772 - 47): 
Title—Delete “of the 

Type.” 

Section 1.—Delete “linseed-oil type” 
in line 4, and “on wood surfaces” in 
line 5. 

Section 2.—Add the words “or blister- 
ing” after the word “checking” in line 7. 


Standard Method of Test for Distillation 
Range of Lacquer Solvents and 
Diluents (D 1078 - 58):' 


Section 4(d).—Delete the words “‘boil- 
ing below 115 C” in line 7. 

Table I—Add Thermometers 102C 
through 107C. 


Tentative Recommended Practice for 
Visual Evaluation of Color Differences 
of Opaque Materials (D 1729 — 60 T):* 


Title—Change to read: “Tentative 
Method for Visual Evaluation of Color 
Differences of Opaque Materials.” 

Section 1.—Delete “recommended 
practice” and insert the word “method” 
in line 1. 

Section 2(a).—Delete ‘recommended 
practice” and insert the word “method” 
in lines 2 and 3. 

*1960 Supplement to Book of ASTM 
Standards, Part 8. 

7 The letter ballot vote on these reeommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


“of the Linseed-Oil 


Linseed-Oil 


Section 3(e)(1).—Delete the second 
sentence and add: “Units to be used in 
this method must meet the spectral 
quality limits set forth in this method.’ 

Footnote 4.—Change to read as follows: 

The following units are known to meet the 
spectral quality limits set forth in this method: 
(AAA) Macbeth North Daylight and (AA) 
Macbeth DeLuxe Examolite. These units are 
obtainable from the Macbeth Daylighting Co., 
P. O. Box 950, Newburgh, N. Y.” 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 

Subcommittee II on Drying Oils (D. S. 
Bolley, chairman) prepared the tentative 
specifications for corn, coconut, and 
cottonseed fatty acids, the revision of 
Methods D555 and D 1467, and the 
18 methods of testing drying oils and 
fatty acids. The subcommittee is in the 
process of preparing a replacement for 
the Specifications for Raw Castor Oil 
(D 960). 

Subcommittee IV on Traffic Paint 
(W. W. Burr, chairman) is conducting a 
program for obtaining state and munici- 
pal traffic paint purchasing specifica- 
tions which should indicate which test 
methods are most often used and there- 
fore most important. This study should 
also indicate which methods of Sub- 
committee IV need revision and point 
to the need for new tests. The sub- 
committee is making a preliminary study 
on an infrared method for comparing 
traffic paint shipments with approved 
samples. A method for measuring re- 
flectance of wet traffic paint is under 
consideration. 

Subcommittee V on Solvents (E. F. 
Rogers, chairman) has established a 
study group to evaluate improved meth- 
ods for defining solvent power of hydro- 
carbons. The group on oxygenated 
solvents has developed and submitted to 
Subcommittee X for comments a method 
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for measuring the optical properties of 
the 500 platinum-cobalt color standard. 
Task groups have been established for 
statistically evaluating the precision of 
Methods D 1364, D 1613, and D 1617. 

Active work is continuing on the de- 
velopment of specifications and test 
methods for vinyl acetate, acetaldehyde, 
formaldehyde, and pentaerythritol. Also, 
a standing task force was established 
to follow and advise ASTM on Federal 
solvent specifications and test methods. 
The subcommittee prepared the revised 
statement of precision for Method 
D 1133, revised temperature specifica- 
tions for Specification D 235, and the 
revised Specifications D 361, D 362, and 
D 364. 

Subcommittee VI on Definitions (F. B. 
Steig, Jr., chairman) prepared the defini- 
tion on “durability” and has accepted 
with slight editorial change a definition 
for “‘lacquer’’ proposed by Subcommittee 
XXV. The subcommittee has under 
consideration proposed definitions for 
“epoxy,” “epoxy group,” “epoxy resin,” 
“urethane coating,” and “fire-retardant 
paint.” It is also reviewing a number of 
definitions of Committee D-16, on In- 
dustrial Aromatic Hydrocarbons, which 
have been suggested for revision. 

Subcommitiee VII on Accelerated Tests 
for Protective Coatings (N. B. Garlock, 
chairman) is cooperating with Subccm- 
mittee XXV on a new method of test 
for perspiration resistance of organic 
coatings and prepared the revision of 
Method D 609. Work is in progress on 
types of standards for very fine blisters, 
methods of testing under conditions of 
100 per cent relative humidity, and con- 
tinuous condensation on test panels, ac- 
celerated testing of house paints for 
moisture-blister resistance, a test for 
cracking due to plasticizer migration, 
thermal shock test for cracking of 
finishes, and the collection of photo- 
graphs to illustrate different degrees of 
types of failure after weathering of 
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paints. It is proposed to limit the search 
at the present time to checking. The sub- 
committee also recommends that Tenta- 
tive Methods D 1540 and D 1654 be 
adopted as standard. 

Subcommittee VIII on Methods of 
Chemical Analysis of Paint Materials 
(W. H. Madson, chairman) prepared the 
Tentative Methods for Chemical Analy- 
sis of Strontium Chromate Pigment, 
and for Basic Lead Silico Chromate, and 
the Methods for Water-Soluble Matter 
in Iron Oxide Pigments by Specific Re- 
sistance Method. An attempt is being 
made to consolidate the existing twenty 
methods for determining non-volatile 
content of solvents. Test results to date 
indicate that none of the present methods 
is suitable for determining low concen- 
trations of lead in paint. The subcom- 
mittee is exploring the possibility of 
developing a method for the analysis of a 
whole paint. Also, work is under way for 
developing methods for determining 
water-soluble matter in a number of 
white pigments by the specific resistance 
method. 

Subcommittee IX on Varnish (B. G. 
Brand, chairman) is preparing revisions 
of Methods D 1639, D 1544, and D 1469. 
The subcommittee is continuing its 
work on a proposed tentative method of 
test for clarity and cleanness of paint 
liquids. The subcommittee has suggested 
the possibility of consolidating the 
existing 37 methods or specifications for 
drying times or drying properties. A 
similar proposal has been made in regard 
to the 19 methods for specific gravity. A 
review of print-test methods has indi- 
cated the desirability of coordinating 
Federal Standard 141 Method 6211 and 
ASTM Method D 1645. 

Subcommittee X on Optical Properties 
(H. K. Hammond, III, chairman) pre- 
pared the editorial revisions of Recom- 
mended Practice D 1729, recommended 
the withdrawal of Method D 406, and 
the editorial revision of Method D 307 
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to bring it up to date. The subcommittee 
has asked for the assistance of Com- 
mittee D-20 on Plastics in an effort to 
combine Methods D 307 and D 791 on 
spectrophotometry. A method on yellow- 
ness is being prepared and work is con- 
tinuing on haze and gloss measurements 
and on a consolidated method for color 
difference measurements designed to re- 
place ultimately the present five indi- 
vidual methods. 

Subcommittee XI on Resins (M. H. 
Swann, chairman), prepared the revision 
of Methods D 1259 and the proposed 
Tentative Method of Test for Total 
Chlorine Content of Epoxy Resins.” 
The subcommittee recommends the 
adoption as standard of Method D 1651, 
and the continuation as tentative of 
Method D 1652 pending revision of this 
test. A study is being made of available 
analytical methods for identifying dry- 
ing oils in alkyds; isolating polyols from 
alkyds for identification; and deter- 
mining hydroxyl value of alkyd resins. 
Also, an investigation is under way of the 
feasibility of preparing standard alkyd 
resins suitable for use in calculating and 
expressing “solvency” of paint solvents. 

Subcommitiee XII on Latex Paints 
(P. T. Howard, chairman) prepared the 
proposed Tentative Method of Reporting 
Paint Film Failures Characteristic of 
Latex Paints, Specification for Asbestos- 
Cement Shingle Blanks to be Used as 
Panels in Weathering Tests of Latex 
and Emulsion Paints, and Test for 
Package Stability of Latex Paint. Work 
is continuing on the development of 
methods for determining scrub resist- 
ance, freezing-and-thawing stability, 
package stability, resistance to attack 
in the container by micro-organisms, and 
the development of a standard heavily 
chalked surface for testing the adhesion 
of exterior latex paints. 

Subcommitiee XIV on Statistical Ap- 
plication (M. P. Morse, chairman) has 


prepared a draft of a recommended prac- 
tive for designing cooperative tests to 
investigate testing methods. The recom- 
mended procedure outlines the steps that 
a working group should take in evaluat- 
ing a proposed method for accuracy, 
sensitivity, and precision. Also, the sub- 
committee has prepared recommended 
procedures for analyzing cooperative 
test data, has drafted definitions of 
statistical terms involved in precision, 
and has defined the types of precision 
and procedures for calculating precisions. 
These are being submitted to Committee 
E-11 on Quality Control of Materials 
for review. 

Subcommittee XV on Specifications for 
Pigments, Dry and in Oil (C. L. Crockett, 
chairman) prepared the revision of Speci- 
fication D 80 and recommends that the 
Tentative Specification D 1648 be 
adopted as standard. It is preparing a 
new specification for molybdate orange. 

Subcommittee XVII on Flash Point 
(H. E. Riley, chairman) prepared the 
revision of the scope of Method D 56 
that complies with similar action being 
taken by Committee D-2 on Petroleum 
Products and Lubricants. The sub- 
committee recommends that Method 
D 1310 be continued as tentative pending 
completion of the revision of this test. 
The investigation of methods for deter- 
mining flash point and of defining degree 
of hazard used by other organizations 
has been completed. 

Subcommittee X VIII on Physical Prop- 
erties of Materials (J. P. McGuigan, 
chairman) has prepared a preliminary 
draft of a method providing for both 
Knoop and Pfund hardness test that will 
ultimately replace Method D 1474. 
Work is in progress on a proposed method 
of test for elongation and tensile strength 
of free films of paint, varnish, lacquer, 
and related products and a proposed 
method for rheological properties of non- 
newtonian materials (thixotropic paints) ; 
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also a study is being made of a method 
for determining levelling characteristics 
of paint, presented by the New York 
Society for Paint Technology. Work is 
also continuing on the investigation of 
the Baker-Patton settling gage. 
Subcommittee XIX on Putty, Glazing, 
and Caulking Compounds (H. L. Kelfer, 
chairman) has in preparation a method 
of test for initial and ultimate set of 
caulking compounds. Also, the subcom- 
mittee is trying to adapt the Baker- 
Patton settling gage for the package 
stability test. In connection with the 
test for workability, a special caulking 
gun with Garvey die attached has been 
assembled and it is hoped that some cor- 
relation will be shown between Garvey 
die extrusion and actual workability. 
Subcommittee XXV on Lacquer (R. F. 
Buller, chairman) is cooperating with 
Subcommittee VII in the preparation of 
a tentative method of test for perspira- 
tion resistance of organic coatings. The 
subcommittee has made substantial 
progress in the development of methods 
of test for print resistance of wood 
lacquers, migration of plasticizer from 
vinyl fabrics into lacquer films, light 
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stability tests of lacquer, and a freeze- 
shake test for evaluating shelf stability of 
multicolor lacquers. 

Subcommitiee XXIX on Painting of 
Metals (A. J. Eickhoff, chairman) is 
continuing its work on the procedure for 
the preparation of galvanized surfaces 
for painting, and on a method of classi- 
fying ferrous surfaces for painting. In 
reference to the latter, the results of a 
questionnaire to the steel construction 
industry indicated a preference for color 
pictures as standards rather than stereo 
transparencies. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 373 voting members; 202 
members returned their ballots, of whom 
173 have voted affirmatively and 0 
negatively. 


Respectfully submitted on behalf of 
the committee, 


W. T. PEARCE, 
Chairman. 
C. A. LominsKa, 
Secretary. 
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This report contains the recommenda- 
tions of the subordinate groups of Com- 
mittee D-2 on Petroleum Products and 
Lubricants. The recommendations have 
been approved by Committee D-2 in 
accordance with the regulations of the 
Society. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1960 Annual 
Meeting, Committee D-2 presented to 
the Society through the Administrative 
Committee on Standards the recom- 
mendation for revisions of the following 
three tentatives: 


Tentative Specifications for Fuel Oils (D 396 - 
48 T), 

Tentative Classification of Diesel Fuel Oils 
(D 975 - 59 T), and 

Tentative Method of Test for Thermal Stability 
of Aviation Turbine Fuels (D 1660-59 T). 


All three recommendations were ac- 
cepted by the Standards Committee on 
September 29, 1960, and the revised 
tentatives appear in the 1960 Supple- 
ment to Book of ASTM Standards, 
Part 7, and in the compilation of 
“ASTM Standards on Petroleum Prod- 
ucts and Lubricants,” Oct., 1960, 
Vol. I. 


PROPOSED METHODS TO BE PUBLISHED 
AS INFORMATION 


The following proposed methods are 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 
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recommended for publication as informa- 
tion only:! 


Appendix I. Proposed Method of Test for 
Separation of Tetraethyllead and Tetra- 
methyllead in Gasoline. 

Appendix II. Proposed Method of Test for 
Residues in Liquefied Petroleum Gases (End 
Point Index Method). 

Appendix III. Proposed List of Methods for Use 
in Specifications of Commercial Butane- 
Butene Mixtures. 

Appendix IV. Proposed Method of Test for 
Knock Characteristics of Motor Fuels (The 
Research Method Equipped with a Split-Head 

Cylinder Engine). 

Appendix V. Proposed Method of Sampling 
Turbine Engine Fuel for Cleanliness Evalua- 
tion. 

Appendix VI. Proposed Method of Test for 
Barium, Calcium, and Zinc in Lubricating 
Oils and Additives (Complexometric Titra- 
tion). 

Appendix VII. Proposed Method of Test for 
Hydrocarbon Types in Low-Olefinic Gasolines 
by Mass Spectroscopy (a revision of Ap- 
pendix VII, 1958 Report of Committee D-2). 

Appendix VIII. Proposed Method of Test for 
Hydrocarbon Types in Olefinic Gasolines by 
Mass Spectrometry. 

Appendix IX. Proposed Centrifuge Method for 
Preparing Specimen Grids for Use in the 
Study of Diesel Fuels by Electron Microscopy 
(a Revision of Appendix VII, 1960 Report 
of Committee D-2). 

Appendix X. Proposed Method of Test for Solid 
Point of Aviation Turbine Fuels. 

Appendix XI. Proposed Method of Test for 
Vapor Pressure of Petroleum Products (Micro 
Method). 

Appendix XII. Proposed Method of Test for 
Shear Stability of Polymer-Thickened Oils. 


1The proposed methods appear in the com- 
pilation of ASTM Standards on Petroleum 
Products and Lubricants, November, 1961, 
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Appendix XIII. Proposed Method of Test for 
Knock Characteristics of Motor Fuels (The 
1170 Severity Method). 

Appendix XIV.—Proposed Method of Analysis 
of Natural Gas by Gas Chromatography. 

Appendix X V.—Proposed Rapid Method of Test 
for Oxidation Stability of Steam-Turbine Oils 
by Rotating Bomb. 

Appendix XVI.—Proposed Method for Deter- 
mination of the Stability of Distillate Fuel 
Oils. 

Appendix XVII.—Proposed Method of Test for 
Particulate Matter in Aviation Turbine Fuels. 

Appendix X VIII.—Three Proposed Methods for 
Analysis of Rubber Extender Oils and Re- 
sults of Cross-Test Program; “Rostler,” 
“Texas-U.S. Chemical Co.,” and “Clay-Gel.” 


NEw TENTATIVES 


The committee recommends for publi- 
cation as tentative the following speci- 
fications and methods as appended 
hereto:? 


Tentative Specifications for: 


Commercial Hexanes, and 
Liquefied Petroleum (LP) Gases. 


Tentative Methods of Test for: 


Volatility of Liquefied Petroleum (LP) Gases, 

Copper Strip Corrosion by Liquefied Petroleum 
(LP) Gases, 

Roll Stability of Lubricating Grease, 

Peroxide Number of Petroleum Wax, 

Odor of Petroleum Wax, as published in Ap- 
pendix XIII, 1957 Report of Committee D-2, 
1957 compilation of “ASTM Standards on Pe- 
troleum Products and Lubricants,” p. 1051. 

20-deg Specular Gloss of Waxed Paper, as pub- 
lished in Appendix III, 1957 Report of Com- 
mittee D-2, 1957 compilation of “ASTM 
Standards on Petroleum Products and Lubri- 
cants,” p. 979 with revision as follows: 
Section 4.—Add the following new Section 4 

entitled “Significance” renumbering present 

Section 4 and subsequent sections accordingly: 
4. This method gives good correlation with 

visual gloss or shininess provided the sample is 

flat. The degree of correlation decreases as the 
sample deviates from being flat. 


Amy] Nitrate in Diesel Fuels, 
Naphthalene Hydrocarbons in Aviation Turbine 
Fuels by Ultraviolet Spectrophotometry, as 


2The new tentatives appear in the 1961 
Book of ASTM Standards, Part 7. 


published in Appendix III, 1959 Report of 

Committee D-2, 1959 compilation of “ASTM 

Standards on Petroleum Products and Lubri- 

cants,” p. 1135, with the following revision: 

Section 11.—Add the following new Section 11 
on Precision. 

11. The following criteria should be used for 
judging the acceptability of results (95 per cent 
probability) : 

(a) Repeatability.—Duplicate results by the 
same operator should not be considered suspect 
unless they differ by more than 0.05. 

(b) Reproducibility.—The results submitted 
by each of two laboratories should not be con- 
sidered suspect unless the two results differ by 
more than 0.11. 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


D 381 - 58 T,® Tentative Method of Test 


Evaporation: 


coe for Existent Gum in Fuels by Jet 


Section 4.—Add a new Section 4 on 
Significance as follows, renumbering the 
present Section 4 and subsequent sec- 
tions and references thereto accordingly: 


4. The true significance of this method for 
determining gum in motor gasoline is not firmly 
established. Certainly it has been proved that 
high gum can cause induction-system deposits 
and sticking of intake valves and in most in- 
stances it can be assumed that low gum will 
insure absence of induction-system difficulties. 
The user should, however, realize that the test 
is not of itself correlative to induction system 
deposits. The primary purpose of the test, as 
applied to motor gasoline, is the measurement of 
the oxidation products formed in the sample 
prior to or during the comparatively mild condi- 
tions of the test procedure. Since many motor 
gasolines are purposely blended with non- 
volatile oils or additives, the heptane extraction 
step is necessary to remove these from the 
evaporation residue so that the deleterious ma- 
terial, gum, may be determined. 


Note 2.—Renumber as Note 1. 
Section 6(b)—Change “311 F (155 C)” 
in line 3 to “324 F (162 C).” 


$1958 Book of ASTM Standards, Part 7. 
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Section 8(f).—At the end of the second 
sentence add “(Note 2).” 

New Note.—After Section 8(f) add a 
new Note 2 to read as follows: 


Nore 2.—Qualitative evidence of motor gaso- 
line contamination may be obtained by weighing 
the residue at this point if retained samples of 
the original finished gasoline are available for 
reference testing. This reference testing is es- 
sential since motor gasoline may contain de- 
liberately added materials that are nonvolatile. 
If evidence of contamination is obtained, further 
investigation is indicated. 


Section 4.—Renumber as Section 5, 
and reletter the paragraphs as follows: 


resent Paragraph 
(e) 
(g) 
(f) 


Section 5.—Renumber as Section 6, 
and reletter Paragraphs (6), (c), and (d) 
as (d), (6), and (c), respectively. 


D 396-60T,' Tentative Specifications 
for Fuel Oils: 


Table I.—For grade No. 2 fuel oil, 
change Gravity, deg API from “26” to 

New Footnote g.—Add a new Footnote 
(g) to read as follows: 


9 In the states of Alaska, Arizona, California, 
Hawaii, Idaho, Nevada, Oregon, Utah, and 
Washington, a minimum gravity of 28 deg API 
is permissible. 

D 483 -60T,' Tentative Method of 

Test for Unsulfonated Residue of 

Petroleum Plant Spray Oils: 


New Section 6, Note 2, and Section 7.— 


After Section 5, insert the following new 
Section 6, new Note 2, and new Section 7, 


* 1960 Supplement to Book of ASTM Stand- 
ards, Part 7. 
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renumbering subsequent sections and 
notes accordingly: 


6. Reference Spray Oil.—Test results for un- 
sulfonated residue are highly dependent upon 
rate of shaking. A reference spray oil has been 
calibrated for unsulfonated residue by a group of 
cooperating laboratories using both machine and 
hand shaking. Instructions are given in Section 7 
for using this reference oil as a guide to ensure 
that the rate of shaking is correct. 

Norte 2.—The reference spray oil may be ob- 
tained by addressing a request to Chief, Bureau 
of Chemistry, California Department of Agri- 
culture, 1220 N St., Sacramento 14, Calif. or 
from the chairman of Subcommittee XVII of 
ASTM Committee D-2. 

7. Calibration.—(a) Machine Shaking Rate.— 
A rate of 425 cycles per min was used in the co- 
operative work to establish the unsulfonated 
residue of the reference spray oil. There are 
small variations in severity of shaking between 
individual machines, even when they are newly 
built and of the same make; and these differences 
may increase with use. Consequently, each lab- 
oratory should run occasional tests on the refer- 
ence spray oil. If an unsulfonated residue is 
found which differs by more than +0.4 per cent 
from the established value, the rate of shaking 
should be adjusted accordingly. A faster rate 
tends to give a lower unsulfonated residue, and 
vice versa. 

(6) Hand Shaking Rate—Each operator 
should standardize his technique of shaking so 
as to obtain the established value (within +0.4 
per cent) on the reference spray oil. A rate of 
300 cycles per min was used in the manual shak- 
ing tests in the cooperative program on the 
reference oil; however, an individual operator’s 
calibrated rate may differ appreciably from 
300 cycles. 


Section 6.—Renumber as Section 8, 
and revise Paragraph (a) to read: 

8. (a) Adjust the temperature of the boiling- 
water bath to 99.5 to 100 C and keep it in this 
temperature range throughout the test. Adjust 
the shaker rate and check it before and after 
each test to make sure that the rate does not 
deviate more than +10 cycles per min from the 
rate established by calibration. 


Renumber Note 2 as Note 3 and revise 
the last sentence to read: “Shake at the 
rate established by calibration within a 
tolerance of + 10 cycles per min.” 

In Paragraph (e) change the second 
sentence to read: “Shake for 10 sec at 


| 


the rate established in the calibration 
with the reference spray oil (Caution, 
see Note 4).” 

Renumber Note 3 as Note 4 and 
change the last sentence to read: “Sub- 
stitute the counter for the timer and 
shake a total number of cycles equal to 
one-sixth of the number representing the 
established rate in cycles per minute, 
even though it requires more than 
10 sec (for example, if the rate is 425 
cycles per min, shake 71 cycles).” 

In Paragraph (g), change the latter 
portion of the last sentence to read: 
“...and point B refers to the lowest 
portion of the interface between the 
clear oil and sulfonation acid.” 

Figure 1.—Delete the dotted line 
above and below the interface at A and 
above the interface at B. 

Section 8.—Renumber as Section 10, 
and revise the tables to read: 

Shaking) 

0.5 


Range of Unsulfonated Residue, per cent 


Reproducibility 
(Machine 


Range of Unsulfonated Residue, per cent Shaking) 


Footnote 3.—Delete this footnote, and 
reference thereto. 

A ppendix.—In the second sentence of 
Paragraph A3, delete the portion of the 
sentence after “...1} in.” and insert 
at this point a sentence reading: “The 
machine shall be capable of quickly 
reaching, and maintaining for 10 sec, 
any required rate of shaking in the 
range of 300 to 500 cycles per min, 
within a tolerance of +10 cycles.” 

Temperatures.—Change all Fahren- 
heit temperatures throughout the 
method to Centigrade (Celsius) tem- 
peratures as follows: 


Present Temperature 


Designations Proposed 
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D613-—59T,° Tentative Method of 
Test for Ignition Quality of Diesel 
Fuels by the Cetane Method: 


Section 9.—Change to read: 


9. Two meters, the Waukesha Transistorized 
Time Lag Meter‘ and the Ignition Delay Meter, 
Model ECS-1* are approved for measuring igni- 
tion delay by this method. The Waukesha 
Transistorized Time Lag Meter has preferred 
status. Both meters have three position switches 
marked CALIBRATE, INJECTION AD- 
VANCE, and IGNITION DELAY, and con- 
trols for making basic calibration settings. The 
three position switch and calibration controls on 
both meters are quite similar and the same set 
of operating instructions are applicable for either 
meter. Detailed instructions for calibration and 
use of either meter are given in Appendix III on 
Operation, Appendix VII on Instrumentation, 
and in the following paragraphs. 


In Paragraph (a), change the last 
part of the first sentence to read: 
“..and turn on the power switch to 
the meter.” 

Footnotes—Renumber Footnote 4 as 
4a, and add a new Footnote 4 to read: 
“4 Manufactured and available from the 
Waukesha Motor Co., Waukesha, Wis.” 

Section 703(c).—Change to read: 


(c) Injector Pickup (Green Band): 

(1) Two mountings, one external and the 
other internal, are approved for the injection 
pickup used for the ECS-1 meter. For the ex- 
ternal mounting, which is the preferred type, 
set the gap between the end of the pickup and 
spindle to 0.060 in. and lock in this position. For 
the internal type, set the pickup gap by screwing 
the pickup into the body until the pole piece 
just touches the end of the spindle. Then, un- 
screw the pickup 14 turns from this point of 
contact and lock in this position. The recom- 
mended pickup gap settings for the externally 
and internally mounted pickups are nominal and 
slight adjustments may be required to obtain 
satisfactory operation with different combina- 
tions of meters and pickups. When maintenance 
or adjustment of injection pressure is required 
with either type of pickup mounting, loosen the 
locknut and unscrew the pickup to prevent the 
possibility of it being damaged by tightening it 
against the end of the spindle. Also, the use of 
an insufficient pickup gap for operation will 


5 See ASTM Manual for Rating Diesel Fuels 
by the Cetane Method, 1959. 


| 


476 


result in a bent or battered pickup core and un- 
satisfactory operation. 

(2) Only one mounting, which is of the ex- 
ternal type is approved for the injection pickup 
of the Transistorized Delay Meter. Set the gap 
between the end of this pickup and spindle to 
0.040 in. and lock in this position. The recom- 
mended gap setting of 0.040 in. for this pickup 
is nominal and slight adjustments may be re- 
quired to obtain satisfactory operation with 
different combinations of meters and pickups. 
When maintenance or adjustment of injection 
pressure is required, loosen the locknut and 
unscrew the pickup to prevent the possibility 
of it being damaged by tightening it against the 
end of the spindle. Also, the use of an insufficient 
pickup gap will result in a bent or battered 
pickup core and unsatisfactory operation. 


D 1319- 60T,* Tentative Method of 
Test for Hydrocarbon Types in Liquid 
Petroleum Products by Fluorescent 
Indicator Adsorption: 


Section 1.—Delete the word “debu- 
tanized” in the first sentence. Delete 
the third sentence. Change the last 
sentence to read: “Samples should be 
depentanized if they contain any of the 
following: C; or lighter hydrocarbons; 
more than 5 per cent C, hydrocarbons; 
more than 10 per cent C, and C; hydro- 
carbons.” 

Figure 1.—In the figure, change ““(Com- 
pressed Air” to “Pressuring Gas”; “Gel 
added after sample” to “Pack gel to 
this level.” Delete “Pack Gel to this 
Level Initially” and arrows; and delete 
dimensions “15” and “40” in charger 
sections of both columns and replace 
with “55.” 

Section 3.—In the second sentence 
change “air” to “gas.” 

In the second sentence of Paragraph 
(d) delete phrase “as used by barbers.” 

Section 4(6).—Delete this paragraph 
and reletter subsequent paragraphs. 

Footnote 7.—Delete this footnote and 
renumber subsequent footnotes. 

New Section —Add a new Section 5 to 
read as follows, renumbering present 
Section 5 and subsequent sections 
accordingly: 
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5. Preparation of Sample.—(a) Samples Con- 
taining Light Hydrocarbons.—Samples should be 
depentanized (Note 4) if they contain any of 
the following: C; or lighter hydrocarbons; more 
than 5 per cent C, hydrocarbons; more than 
10 per cent C, and C; hydrocarbons. 

Note 4.—Proposed Method of Test for De- 
pentanization of Gasoline and Naphthas was 
published for information as Appendix IV, of 
the compilation “ASTM Standards on Pe- 
troleum Products and Lubricants,” October, 
1960, Vol. I. 

(b) Samples Containing Colored or Fluorescing 
Substances.—If difficulties in reading zone 
boundaries are encountered with samples con- 
taining substances that are dark colored or that 
fluoresce under ultraviolet light, removing the 
interfering substances (for exampie, by distilla- 
tion) may be helpful. 


Present Section 5.—Renumber as Sec- 
tion 6 and in the third sentence of Para- 
graph (a), delete the words “specified 
100- to 200-mesh.” Change the last 
part of the fourth sentence to read: “‘or 
tap along the length of the column to 
pack the gel firmly.” Delete the paren- 
thetical seventh sentence. Change the 
last sentence to read: “Add more of the 
silica gel until the tightly packed gel 
extends approximately 55 mm into the 
charger section (a 5-min vibration period 
is usually satisfactory when the vibrator 
is used).”’ 

In Paragraph (6), change “air” to 
“gas” and delete the phrase “as required 
for the true-bore column.” 

In Paragraph (c), connect sentences 2 
and 3 by a semicolon, and make it the 
first sentence. Make the present first 
sentence the second sentence. 

In Paragraph (d), replace the first 
four sentences with: “Chill the sample 
and a 1-ml hypodermic syringe to 35 to 
40 F. Draw 0.75 + 0.03 ml of sample 
into the syringe and inject the sample 
30 mm below the surface of the gel in 
the charger section.” 

Delete Notes 5 and 6. Renumber 
Note 4 as 5 and Notes 7 and 8 as 6 and 7. 

In the first sentence of Paragraph (/) 
change “air” to “gas.” 


] 
; 
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D 1321-60T,' Tentative Method of 
Test for Needle Penetration of Pe- 
troleum Waxes: 

Section 1I.—In the last sentence, 
change the phrase “...no greater than 

150” to “...of not greater than 250.” 


D 1405-57T,’ Tentative Method of 
Test for Estimation of Net Heat of 
Combustion of Liquid Petroleum 
Products: 

Section 1.—To the table in Note 2, 
add the turbine fuel specification: 
“ASTM D 1655....Type A and A-1 
Turbine Fuels.” 

Section 2(a).—Add kerosine and Type 
A and A-1 aviation turbine fuels to the 
table of equations, as follows: 


Type Fuel Equation 


Equa- 
thon No. 


Kerosine, Type A 
or A-1 (D 1655)..| Qp (net) = 17 919 | (4) 
Bs 0.10923 (A X 


Renumber Eq 4 as 5. 

Tables I and IA.—Change equation 
numbers in the title from “‘1 and 4” to 
“1 and 5.” 

Footnote 4.—Change last three lines 
to read: “... Other Properties,” Chemi- 
cal and Engineering Data Series Vol. 3, 
pp. 20-28 (1958).” 

New Footnote 5.—Add a new footnote 
5 referenced to the first word in section 
2 (a), to read: “® L. Fano, S. Marantz, T. 
W. Mears, J. A. Walker, G. T. Armstrong, 
and R. S. Jessup, National Bureau of 
Standards, Washington, D. C., private 
communication.” 

Section 2(c).—In the first sentence, add 
“3 and 4” to the equations. To the last 
sentence add the phrase “and to ASTM 
Specifications D 1655, Types A and 
A-1.” 

Section 4(b).—To the last sentence, 
add the phrase “and Table IV should 
be used for kerosine-type jet fuels 


(ASTM Specifications D 1655, Types A 
and A-1).” 

Table II.—Change equation numbers 
in the title from “2 and 4” to “2 and 5.” 

Table III.—Change equation num- 
bers in the title from “3 and 4” to “3 
and 5.” 

Table IV.—Add a new Table IV, as 
shown in the accompanying Table I 


D 1655 — 59 T,’ Tentative Specifications 
for Aviation Turbine Fuels: 


Table I.—Replace with the table 
shown in the accompanying Table IL.° 

Section 9.—Add Paragraphs and 
(v) to read: 


(u) Luminometer Number.—Method of Test 
for Luminometer Numbers of Aviation Turbine 
Fuels (ASTM Designation; D 1740). 

(v) Naphthalene Content.—Method of Test 
for Naphthalene Hydrocarbons in Aviation 
Turbine Fuel by Ultraviolet Spectrophotometry 
(ASTM Designation: D 1840). 


D 1656-—60T,® Tentative Method of 
Test for Knock Characteristics of 
Motor Fuels Above 100 Octane Num- 
ber by the Research Method: 


Section 6(k).—Add the following to 
the paragraph: 


It also is permissible to vary intake air tem- 
perature as described in Section 10(b) to obtain 
the calibrated values on the toluene standardiza- 
tion fuel blends. If this is done, the intake air 
temperature shall be maintained within +2 F 
(41.1 C) of the temperature at which the 
calibrated rating is obtained on the toluene 
standardization fuel blend used. 


Section 6(0)—Change to read as 
follows: 


(0) Standard Knock Intensity, is defined as the 
level of knock obtained on a blend of tetra- 


6 Table I is not included in this report but 
appears in the revised tentative; seé 1961 Book 
of ASTM Standards, Part 7. 

7 1959 Supplement to Book of ASTM Stand- 
ards, Part 7. 

8 Table II is not included in this report but 
appears in the revised tentative; see 1961 Book 
of ASTM Standards, Part 7. 

® See ASTM Manual for Rating Motor Fuels 
by Motor and Research Methods 1960. 


ethyllead in ésooctane at the specified operating 
conditions of this method and at the micrometer 
reading shown in Table VIII or IX, corrected 
for the prevailing barometric pressure in ac- 
cordance with Table X, for the antiknock level of 
the leaded isooctane blend used. 


Section 8—Change second sentence 
to read as follows: 


Unless the intake air temperature is varied 
in order to obtain the calibrated ratings on the 
toluene standardization fuel blends as described 
in Section 10(5), it shall be maintained at the 
value specified for the prevailing barometric 
pressure in Table X. 


Section 10—Add a new Paragraph (5) 
to read as follows: 


(6) It is permissible to vary the intake air 
temperature to obtain the calibrated rating on 
the 103.3 octane-number toluene standardiza- 
tion fuel or the other toluene standardization 
fuel blends shown in Section 202 provided, (/) 
the initial rating on the toluene standardization 
fuel is obtained at the intake-air temperature 
shown in Table X, (2) the cylinder height used 
for this rating is in exact agreement with the 
micrometer setting shown in Tables VIII or IX, 
corrected for the prevailing barometric pressure 
in accordance with Table X, for the calibrated 
rating of the toluene standardization fuel blend 
used, (3) the rating obtained at the conditions 
specified in (/) and (2) is within the octane-num- 
ber limits shown in the following table, and (4) 
the cylinder height used in (2) is maintained for 
tests on the toluene standardization fuel blend 
at other intake-air temperatures: 


Toluene Standardization Fuel Blend 

Tolu- | Hep- Tso- |Calibrated 

ene, | tane, | octane,| Research Mi Max 
per per per | Octane ™ 

cent cent cent | Number 
74 ll 15 103.3 | 102.1 | 104.5 
74 6 20 108.0 | 106.3 | 109.7 
74 ee 26 113.7 | 111.5 | 115.9 


The limits of testing range for the intake air 
temperature determined by this method are ap- 
proximately +3 octane numbers from the cali- 
brated value of the toluene standardization fuel 
blend used. As an example of this requirement, 
the intake air temperature determined to give 
the calibrated rating of 103.3 on this toluene 
standardization fuel blend within the limits of 
+2 F (1.1 C) would have application over an 
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approximate testing range from 100.3 to 106.3 
octane number. 


Section 10(b).—Reletter as (c) and 
change to read as follows: 


(c) For subsequent testing of samples at the 
intake air temperature specified in Table X 
or at the adjusted intake air temperature de- 
scribed in Paragraph (5), adjust the cylinder 
heights for standard knock intensity, using the 
knockmeter as a guide, provided no change has 
been made in the detonation meter adjustment 
in the meantime. Make certain that the cylinder 
heights as measured by micrometer settings are 
within +0.010 in. of those given in guide Table 
VIII or IX, corrected from Table X for the pre- 
vailing barometric pressure, for the antiknock 
level of the reference fuel blend that matches the 
sample. When the engine is being operated at 
the intake air temperatures shown in Table X, 
readjust the intake air temperature for agree- 
ment with the values shown in this table if there 
are significant changes in barometric pressure 
during an operational period. Also, if there are 
significant changes in barometric pressure when 
an engine has been standardized in accordance 
with Paragraph (b), it is necessary that the 
operations in that paragraph be repeated. 


Section 10(c).—Reletter as (d). 
Section 112(a).—Change fifth sentence 
to read as follows: 


The carburetor is fitted with a 90-deg elbow 
and vertical tube connecting with the surge tank. 
The 90-deg elbow is preferred equipment; how- 
ever a curved intake pipe may be used if desired. 


D 1660-60T,’ Tentative Method of 
Test for Thermal Stability of Aviation 
Turbine Fuels: 


Appendix I, Section A6(g).—Change 
to read as follows: 


(g) The thermometry system including 
thermocouples, leads, and temperature indicators 
shall be calibrated upon control set-up of the 
apparatus and whenever there is doubt as to 
its accuracy. Calibration is accomplished with a 
dual preheater thermocouple by connecting one 
lead to a standard laboratory potentiometer and 
connecting the other lead to the temperature 
indicator. The temperature calibration is made 
with fuel flowing at the desired test temperature. 
The temperature indicator should then be ad- 
justed to read at true temperature. 


Appendix I, Section A11.—Change 
the second sentence to read as follows: 


—_ 
| 
| — 
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Calibrate the automatic temperature con- 
trollers to indicate true temperature by con- 
necting the dual preheater thermocouple to a 
potentiometer, and by adjusting the green 
indicating pointer to the true temperature. 


Appendix II.—Add a new Section 

B26 to read as follows: 
B26.—Preheater.—Dual Thermocouple.—The 

use of dual thermocouples" is specified for cali- 

bration of the temperature indicated by means 
of a potentiometer. 

D 1717 -60T,* Tentative Method for 
Analysis of Commercial Butane-Bu- 
tene Mixtures (Gas Chromatography 
Method): 


Title—Change to read: “Analysis of 
Certain Light Hydrocarbons by Gas 
Chromatography.” 

Section 1.—Change to read as follows: 

1. This method is applicable to the analysis 
by gas chromatography of: 

(1) Commercial butane-butene (B-B mix), 

(2) Commercial isobutylene of at least 98 
per cent.? 

Section 2.—Delete the second sentence 
and add: “For B-B mixtures the com- 
position of the sample is determined 
from the chromatogram by comparing 
peak heights or areas with those ob- 
tained from a standard sample. The 
composition of high-purity samples 
(98 per cent +) is determined from the 
chromatograms by measuring the area 
under the peaks.” 

Footnote 3—Add a new Footnote 3 
to read as follows, renumbering present 
footnotes 3 and 4 as 4 and 5: 

3 This procedure may be applicable to other 
C; to C, products, but commercial butane-butene 
mixtures and high-purity isobutylene are the 
only products that have been cooperatively 
studied by the sponsoring committees. 


Section. 4—Revise Paragraph (e) to 
read as follows: 

(e) Synthetic Blend.—Prepare a synthetic 
mixture from pure hydrocarbons that is near the 
composition of the sample to be analyzed. The 
mixture should be accurate to 0.1 per cent of 
any component. A synthetic mixture is not neces- 
sary when analyzing high-purity samples. 


Footnote 6—Delete this footnote and 
add a new Footnote 6 to read as follows: 


6A suitable calibration standard for B-B 
mix may be obtained from the Special Products 
Div., Phillips Petroleum Co., Bartlesville, Okla. 

Section 6.—Letter as “(a) B-B Mix- 
tures” and retain the present Note 2. 
Add a new Paragaph (d) to read as 
follows: 

(b) High-Purity Samples.—It is not necessary 
to use a synthetic mixture when analyzing high- 
purity samples. Liquefied samples should be 
withdrawn from the liquid phase and tested in 
accordance with Paragraph (a). Totally gaseous 
samples will necessarily have to be charged from 
the gas phase. 

Section 7.—Add a new Paragraph (c) 
to read as follows: 

(c) High-Purity Mixtures, Area Method.— 
Measure the area of each component, and 


assume the area to be directly proportional to 
the concentration of that component. 


Section 8.—Change to read as follows: 


8. Normalize the values obtained and report 
the values obtained on B-B mix to the nearest 
0.1 per cent and to the nearest 0.01 per cent on 
high-purity products. 


Section 9.—In Paragraph (a), replace 
the present repeatability results with 
the following: 


Component, per cent B-B Mix, 
weight Repeat- High-Purity, 


ability Repeatability 
0.1 
0.3 


Minor compounds, 
0.04 

Major compounds, 
0.07 

In Paragraph (0), replace the present 


reproducibility results with the following: 
B-B Mir, 


cent by weight ibility Reproducibility 
0.3 Minor compounds, 
0.07 
0.9 
Above 25....... 1.5 


Major compounds, 
0.20 


WITHDRAWAL OF STANDARD 
The committee recommends the with- 
drawal of the following standard 
because of lack of use: 


Standard Method of Analysis of 60 Octane 
Number Jsooctane - Normal Heptane ASTM 
Knock Test Reference Fuel Blends by Infra- 
red Spectrophotometry (D 1095 - 54). 


ADOPTION OF TENTATIVES AS STANDARD 
WirHovuT REVISION 


The committee recommends that the 
following tentative methods be approved 
for reference to letter ballot of the 
Society for adoption as standards with- 
out revision: 


D93-58T, Flash Point by Pensky-Martens 
Closed Tester,’ 

D 1159-59 T, Bromine Number of Petroleum 
Distillates by Electrometric Titration,’ 

D 1160-57 T, Distillation at Reduced Pres- 
sure of Petroleum Products,* 

D 1218-52 T, Measurement of Refractive 
Index and Refractive Dispersion of Hydro- 
carbon Liquids,* 

D 1263 — 53 T, Leakage Tendencies of Automo- 
tive Wheel Bearing Greases,* 


ADOPTION OF TENTATIVE AS STANDARD 
witH REVISION 

The committee recommends that the 
Tentative Method of Sampling Pe- 
troleum and Petroleum Products, 
(D 270 — 55 T) be approved for reference 
to letter ballot of the Society for adop- 
tion as standard revised, as appended 
hereto.” 


REVERSION OF STANDARD TO TENTATIVE 
WitTHout CHANGE 
The committee recommends that the 
Standard Method of Test for Oxygen 
in Light Hydrocarbon Vapors 
(D 1021 -55)* be reverted to tentative 
without change. 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 

The committee recommends for imme- 
diate adoption revisions as indicated of 
the following standards, and accordingly 
asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society: 


10The revised method appears in the 1961 
Book of ASTM Standards, Part 7. 
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D 56-56," Standard Method of Test 
for Flash Point by Tag Closed Tester 
(Jointly with Committee D-1): 


Section 1.—Change to read as follows: 


1. This method of test is intended for de- 
termining the flash point of all mobile liquids 
flashing below 175 F (79 C), except products 
classed as fuel oil. 

Appendix II, Section A6.—Change 
the purity statement for xylene to read 
as follows: 

Freezing point... .11.23 C, min (95 per cent 
molal purity) as determined by ASTM Method 
D 1015, Test for Freezing Points of High-Purity 
Hydrocarbons. 

D 86-59," Standard Method of Test 
for Distillation of Petroleum Products: 


Section 6(d).—Change the 
sentence to read as follows: 


second 


Measure 100 ml of the sample in the gradu- 
ated cylinder and transfer it as completely as 
practicable to the distillation flask. 

Section 6(f).—Delete ‘100-ml” from 
the first sentence. 

Section 8(h).—In the first sentence, 
change “linear interpolation procedure” 
to read: “arithmetical procedure.” 

Replace Paragraph (/) with 
following: 


the 


(1) Graphical Procedure-—Using graph paper 
with uniform subdivisions, plot each thermom- 
eter reading (corrected for barometric pressure, 
if required) against its corresponding per cent 
recovered. Plot the initial boiling point at zero 
per cent recovered. Draw a smooth curve con- 
necting the points. For each prescribed per cent 
evaporated, deduct the distillation loss, in order 
to obtain the corresponding per cent recovered, 
and take from the graph the thermometer read- 
ing which this per cent recovered indicates 
(Note 9). Values obtained by graphical inter- 
polation procedures are affected by the care with 
which the plot is made. 


Change the heading of Paragraph (2) 
to read: “Arithmetical Procedure.” 
Note 9.—In the first sentence change 


11958 Book of ASTM Standards, Parts 7 
and 8. 

12 1959 Supplement to Book of ASTM Stand- 
ards, Part 7; 1958 Book, Part 8. 
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“linear interpolation” to read: “arith- 
metical procedure.” 

New Note 10.—Immediately after the 
present Note 9, add a new Note 10, to 
read as follows: 


Nore 10.—See the Appendix for numerical 
examples illustrating the foregoing graphical 
and arithmetical procedures. 


Appendix.—Add an 
read as follows: 

New Figure 2.—Add a Fig. 2 as shown 
in the accompanying Fig. 1." 


D 91 - 52,5 Standard Method of Test for 
Precipitation Number of Lubricating 
Oils: 

Figure 1.—Revise as shown in the 

accompanying Fig. 2." 

Table I.—Replace with the table 

shown in the accompanying Table III." 
Section 7.—Change to read as follows: 


Appendix to 


7. The following criteria should be used for 
judging the acceptability of results (95 per cent 
probability) : 

(a) Repeatability —Duplicate results by the 
same operator should not be considered suspect 
unless they differ by more than the following 
amount: 


Precipitation Number 


(b) Reproducibility—The result submitted 
by each of two laboratories should not be con- 
sidered suspect unless the two results differ by 
more than the following amount: 


Precipitation Number 
30 per cent of mean 


D 95 — 58,'° Standard Method of Test for 
Water in Petroleum Products and 
Other Bituminous Materials: 


13 This Appendix is not included in this report 
but appears in the revised standard; see 1961 
Book of ASTM Standards, Part 7. 

14 Figure 1 is not included in this report but 
appears in the revised standard; see 1961 Book 
of ASTM Standards, Part 7. 

16 Figure 2 and Table III are not included in 
this report but appear in the revised standard; 
see 1961 Book of ASTM Standards, Part 7. 

; 161958 Book of ASTM Standards, Parts 4, 

and 8. 


This revision has been suggested by 
ASTM Committee D-16 on Industrial 
Aromatic Hydrocarbons and is subject 
to approval by both Committee D-2 
and Committee D-4. 

Section 1.—To the last sentence add 
the following words: “and crude or 
refined tar acids.” 

New Footnote-—Add a new Footnote 4, 
referenced to the word “trap” in Section 
3(a) to read: 

“4 For crude or refined tar acids, a 
2000-ml vessel is used.” 


D 128-59,’ Standard Methods of Anal- 
ysis of Lubricating Grease: 


Sections 22 to 27.—Delete and renum- 
ber subsequent sections and _ notes 
accordingly, substituting the following 
for the material deleted under the head- 
ing ‘“Water.” 

22. (a) Determine water in accordance with 
the Method of Test for Water in Petroleum 
Products and Other Bituminous Materials 
(ASTM Designation: D 95). 

(b) For solvent, use the petroleum distillate 
as described in Section 4(b) of Method D 95. 

(c) In accordance with Section 7 of Method 
D 95, calculate and report water as per cent by 
weight. 

D 189 - 58,3 Standard Method of Test 
for Conradson Carbon Residue of 

Petroleum Products: 


Revise as appended hereto.” 


D 288-57,' Standard Definitions of 
Terms Relating to Petroleum: 
Add the following definitions: 


Petroleum Wax.—A product separated from 
petroleum which is solid or semisolid at 77 
F and consists essentially of a mixture of satu- 
rated hydrocarbons. 

Petrolatum.—A petroleum wax of unctuous 
structure containing substantial amounts of 
oil. 

D 357 — 60,’ Standard Method of Test 
for Knock Characteristics of Motor 
Fuels Below 100 Octane Number by 
the Motor Method: 


17 The revised standards appear in the 1961 
Book of ASTM Standards, Part 7. 
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Section 112(a).—Change fifth sentence 
to read: “The carburetor is fitted with a 
90-deg elbow and vertical tube connect- 
ing with the surge tank. The 90-deg el- 
bow is preferred equipment; however a 
curved intake pipe may be used if de- 
sired,” 


D 445-60,‘ Standard Method of Test 
for Kinematic Viscosity: 


New Section 8.—Add the following 
new Section 8 renumbering the present 
Sections 8 and 9 as 9 and 10: 


8. (a) Steam-refined cylinder oils, black 
lubricating oils, residual fuel oils, and other 
materials that may possibly contain waxes or 
resins require special handling to obtain repro- 
ducible results. In order to control the possible 
anomalies in testing such material, the thermal 
history of the sample should be controlled. This 
special procedure will aid in the control of wax 
crystals and lattice structure formations. 

(b) Heat a homogenous representative sample 
in a loosely stoppered container for 1 hr in an 
oven maintained at 212 to 215 F. 

(c) Immediately filter the preheated sample 
through a 200 mesh screen directly into the vis- 
cometer. Where direct filtration into the viscom- 
eter is not practicable, charge the viscometer in 
the manner dictated by the design of the instru- 
ment. 

(d) Complete the test as described in Section 
7(f) to 

(e) Complete viscosity determinations on 
these materials within 1 hr after filling the 
viscometer with the sample. Do not run repeat 
determinations on the same portion of these 
materials. 


D 526 —- 56,’ Standard Method of Test 
for Tetraethyllead in Gasoline (Gravi- 
metric Method): 


Revise as appended hereto.” 


D 908 - 60,’ Standard Method of Test 
for Knock Characteristics of Motor 
Fuels Below 100 Octane Number by 
the Research Method: 

Section 6(k).—Add the following to 
this paragraph: 

It also is permissible to vary intake air tem- 
perature as described in Section 10(6) to obtain 


the calibrated values on the toluene standardiza- 
tion fuel blends. If this is done, the intake air 
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temperature shall be maintained within +2 F 
(1.1 C) of the temperature at which the cali- 
brated rating is obtained on the toluene stand- 
ardization fuel blend used. 


Section 6(0)—Change to read as 
follows: 


(0) Standard Knock Intensity, is defined as the 
level of knock obtained on a blend of isooctane 
and n-heptane at the specified operating condi- 
tions of this method and at the micrometer read- 
ing shown in Table V, corrected for the prevailing 
barometric pressure in accordance with Table 
VI, for the octane number of the blend used. 


Section 8.—Change the second sen- 
tence to read as follows: 


Unless the intake air temperature is varied 
in order to obtain the calibrated ratings on the 
toluene standardization-fuel blends as described 
in Section 10(5), it shall be maintained at the 
value specified for the prevailing barometric 
pressure in Table VI. 


Section 10.—Add a new Paragraph (0) 
to read as follows: 


(b) It is permissible to vary the intake air 
temperature to obtain the calibrated rating on 
the 93.4 octane number toluene standardization 
fuel or other toluene standardization-fuel blends 
shown in Section 202 provided (/) the initial 
rating on the toluene standardization-fuel is ob- 
tained at the intake air temperature shown in 
Table VI, (2) the cylinder height used for this 
rating is in exact agreement with the micrometer 
setting shown in Table V, corrected for the pre- 
vailing barometric pressure in accordance with 
Table VI, for the calibrated rating of the toluene 
standardization-fuel blend used, (3) the rating 
obtained at the conditions specified in (/) and 
(2) is within the octane number limits shown in 
the following table and, (4), the cylinder height 
used in (2) is maintained for tests on the toluene 
standardization-fuel blend at other intake air 
temperatures: 


Toluene Standardization Fuel Blend 
Tolu- | Hep- Tso- Calibrated 
ene, | tane. | octane,| Research Min ie 
per per per | Octane as 
cent cent cent, | Number 
50 50 | 65.2 64.3 66.1 
58 42 75.5 74.7 76.3 
66 34 | $5.0 84.3 85.7 
74 | 26 | 93.4 | 92.9 | 93.9 
74 | 21 5 | 96.7 | 96.2 | 97.2 
74 16 10 | 99.6 | 98.8 | 100.4 
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The limits of testing range for the intake air 
temperature determined by this method are ap- 
proximately +5 octane numbers from the cali- 
brated value of the toluene standardization-fuel 
blend used. As an example of this requirement, 
the intake air temperature determined to give 
the calibrated rating of 93.4 octane number on 
this toluene standardization-fuel blend within 
the limits of +2 F (1.1 C) would have applica- 
tion over an approximate testing range of 88.4 
to 98.4 octane number. 


Reletter present Paragraph (5) as (c), 
and revise to read as follows: 


For subsequent testing of samples at the in- 
take air temperature specified in Table VI or at 
the adjusted intake air temperature described 
in Paragraph (6), adjust the cylinder height for 
standard knock intensity, using the knock meter 
as a guide, provided no change has been made in 
the detonation meter adjustment in the mean- 
time. Make certain that the cylinder heights as 
measured by micrometer settings are within 
+0.010 in. of those given in Table V, corrected 
from Table VI for the prevailing barometric 
pressure, for the antiknock level of the reference 
fuel blend that matches the sample. When the 
engine is being operated at the intake air tem- 
perature shown in Table VI, readjust the intake 
air temperature for agreement with the values 
shown in this table if there are significant changes 
in barometric pressure during an operating period. 
Also, if there are significant changes in barometric 
pressure when an engine has been standardized 
in accordance with Paragraph (6), it is necessary 
that operations in that paragraph be repeated. 


Section 112(a)——Change as shown 
above for’ Method D 357. 


D 1020-59,’ Standard Method of Test 
for Alpha Acetylenes in Light Hydro- 
carbons: 


Title—Change to read: “Alpha Acet- 
ylenes in Butadiene, Butadiene Con- 
centrates, and Butane-Butene Mix- 
tures (Silver Nitrate Method).” 

Section 1.—Change the first sentence 
to read: “This method describes a proce- 
dure for the determination of the 
monoalkyl acetylenes present in poly- 
merization grade butadiene, butadiene 
concentrates, and butane-butene mix- 
tures.” 
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Section 2.—Change to read as follows: 


2. The liquid sample is volatilized and passed 
through a series of five absorbers. The first ab- 
sorber, containing dilute sulfuric acid, removes 
any basic compounds present. The second ab- 
sorber, containing sodium bisulfite solution, 
removes carbonyl compounds present. The third 
absorber, containing a solution of sodium hy- 
droxide, removes sulfur dioxide, hydrogen 
sulfide, mercaptans, and any acidic compounds 
present. The fourth and fifth absorbers, con- 
taining alcoholic silver nitrate solution, reacts 
with the acetylene liberating acid. The total 
acetylene content (with the exception of dialkyl 
acetylenes) is determined by titrating the in- 
creased acidity of the silver nitrate solution with 
standard base and reported as per cent vinyl 
acetylene. 


Section 4.—Add new Paragraphs (f) 
and (g) to read: 


(f) Sodium Hydroxide Solution (10 per cent).— 
Dissolve 110 g of NaOH in 1 liter of distilled 
water. 

(g) Sodium Bisulfite Solution (25 per cent).— 
Dissolve 33 g of NaHSO; in 100 ml of distilled 
water. 


New Note.—Add a new Note 2 after 
Section 4(g) to read as follows, renum- 
bering present Notes 2 and 3 as 3 and 4: 


Note 2.—The sodium bisulfite solution 
should be prepared fresh daily. The frequency of 
changing the solution in the absorber will depend 
upon the number of samples run that are high in 
carbonyl concentration. 


Section 5(a).—Change to read as fol- 
lows: 


5. (a) See Fig. 1. To the sulfuric acid gas 
washing bottle add about 100 ml of H,SO, (1:9) 
and 5 drops of bromophenol blue indicator solu- 
tion; replace the acid with fresh acid when the 
indicator shows it to be neutralized. To the 
sodium bisulfite bottle add about 100 ml of 
sodium bisulfite solution and to the sodium 
hydroxide bottle about 100 ml of sodium hy- 
droxide solution (10 per cent). To each of the 
silver nitrate bottles add about 100 ml of the 
alcoholic silver nitrate solution and 8 drops of 
mixed indicator solution. Neutralize the solu- 
tions in both absorbers to the grayish green end 
point with the 0.05 N sodium hydroxide solu- 
tion. Assemble the apparatus as shown in Fig. 1, 
using short lengths of neoprene tubing. 
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Section 5(c).—Chenge third sentence 
to read: “After the sample has com- 
pletely evaporated, attach a nitrogen 
line to the flask and pass a slow stream 
of nitrogen through the system in order 
to displace all hydrocarbon vapors; 5 to 
10 min is sufficient time to accomplish 
this.” 

Figure 1.—Change from 3 bottles in 
series to 5. Label the bottles as follows, 
starting with the one nearest the 500-ml 
Erlenmeyer flask and going to the right 
in the following order: Sulfuric Acid, 
Sodium Bisulfite, Sodium Hydroxide, 
and the last two, Alcoholic Silver 
Nitrate. 

Section 7.—Insert above Paragraph 
(a) and below the introductory sentence 
the following label: “For Butadiene and 
Butadiene Concentrates.” 

Add the following to the end of the 
present Paragraph (0), the label “For 
Butane-Butene Mixtures and Similar 
Light Hydrocarbons,” and add the 
following two paragraphs: 

(c) Repeatability.—Duplicate results by the 
same operator should not be considered suspect 


unless they differ by more than the following 
amount: 
Acetylenes, per cent by weight Repeatability 

(d) Reproducibility.—The result submitted by 
each of two laboratories should not be con- 
sidered suspect unless the two results differ by 
more than the following amounts: 


Acetylenes, per cent by weight Reproducibility 


D 1219 — 56,’ Standard Method of Test 
for Mercaptan Sulfur in Aviation Tur- 
bine Fuels (Color-Indicator Method:) 


Section 1.—Change Section 1 and 
Note 1 to read as follows: 


1, This method describes a procedure for the 
determination of mercaptan sulfur in aviation 
turbine fuels containing from 0.0003 to 0.01 per 
cent by weight of mercaptan sulfur. Organic 
sulfur compounds such as sulfides, disulfides, and 
thiophene do not interfere. Elemental sulfur in a- 
mounts less than 0.0005 per cent by weight does 


not interfere. Hydrogen sulfide will interfere 
if not removed as described in this procedure. 

Norte 1.—An instrumental method, ASTM 
D 1323, Mercaptan Sulfur in Aviation Turbine 
Fuels (Amperometric-Potentiometric Method) 
gives results within the precision limits of this 
method, except Method D 1219 gives slightly 
higher results in the range of 0.0003 to 0.001 per 
cent mercaptan sulfur. 


Section 4.—Add present Paragraphs 
3(a) and 3(6), renumbering Paragraphs 
4(a) to 4(k) as 3(c) to 3(7), respectively. 
Renumber this as Section 3; delete the 
heading “Purity of Reagents.” 

Renumber Sections 5, 6, and 7 as 
4, 5, and 6. 

Present Section 7—Renumber as 
Section 6, and change to read: 


6. The following criteria should be used for 
judging the acceptability of results (95 per cent 
probability) : 

(a) Repeatability—Duplicate results by the 
same operator should not be considered suspect 
unless they differ by more than the following 
amounts: 


Repeatability, 


Mercaptan Sulfur Content, per cent per cent by 
yy weight weight 
0.0005 


(6) Reproducibility—The result submitted 
by each of two laboratories should not be con- 
sidered suspect unless the two results differ by 
more than the following amounts: 


Mercaptan Sulfur Content, per Reproducibility, 

cent by weight per cent by weight 
0.0004 


D 1269 — 58,’ Standard Method of Test 
for Tetraethyllead in Gasoline (Polar- 
ographic Method): 


Revise as appended hereto.” 


D 1323 — 56,’ Standard Method of Test 
for Mercaptan Sulfur in Aviation 
Turbine Fuels (Amperometric 
Method): 


aii- 
Revise as appended hereto.” es 
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TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee has reviewed the fol- 
lowing tentatives which have stood two 
or more years without revision, and for 
good and sufficient reasons, discussed 
within the committee, recommends their 
continuation as tentatives without re- 
vision: 

D156-53T, Saybolt Color of Petroleum 

Products (Saybolt Chromometer Method) 

D 240-57 T, Heat of Combustion of Liquid 

Hydrocarbon Fuels by Bomb Calorimeter 
D 447-59 T, Distillation of Plant Spray Oils 
D 482-59 T, Ash from Petroleum Oils 
D 611-55 T, Aniline Point and Mixed Aniline 

Point of Petroleum Products and Hydro- 

carbon Solvents 
D 721-56 T, Oil Content of Petroleum Waxes 
D 808-57 T, Chlorine in New and Used Pe- 

troleum Products (Bomb Method) 
D 873 - 57 T, Oxidation Stability of Aviation 

Fuels (Potential Residue Method) 
D874-59T, Sulfated Ash from Lubricating 

Oils and Additives 
D 910-57 T, Specifications for Aviation Gaso- 

lines 
D 1018 — 55 T, Hydrogen in Petroleum Fractions 
D 1022-59T, Peroxide Content of Light 

Hydrocarbons 
D 1085 - 57 T, Gaging Petroleum and Petroleum 

Products 
D 1158-59 T, Bromine Number of Petroleum 

Distillates by Color-Indicator Titration 
D 1220-59 T, Calibrating Upright Tanks 
D 1264-53 T, Water Washout Characteristics 

of Lubricating Greases 
D 1266-59 T, Sulfur in Petroleum Products 

and Liquefied Petroleum Gas (Lamp Method) 
D 1317-57 T, Chlorine in New and Used 

Lubricants (Sodium Alcoholate Method) 

D 1318-59 T, Sodium in Residual Fuel Oil 

(Flame Photometric Method) 

D 1322 - 59 T, Smoke Point of Aviation Turbine 

Fuels 
D 1368 — 58 T, Tetraethyllead in Trace Concen- 

trations in Primary Reference Fuels 
D 1465 - 57 T, Blocking Point of Paraffin Wax 
D 1477 - 57 T, Freezing Point of Aviation Fuels 
D 1478-57 T, Low-Temperature Torque of 

Ball Bearing Greases 
D 1479-57 T, Emulsion Stability of Soluble 

Cutting Oils 
D 1480-57 T, Density and Specific Gravity of 

Viscous Materials by Bingham Pycnometer 
D 1481-57 T, Density and Specific Gravity 
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of Viscous Materials by Lipkin Bicapillary 
Pycnometer 

D1500-58T, ASTM Color of Petroleum 
Products (ASTM Color Scale) 

D 1548-59T, Vanadium in Navy Special 
Fuel Oil 

D1555-58T, Calculation of Volume and 
Weight of Benzene, Toluene, and Paraxylene 

D 1657-59 T, Specific Gravity of Light Hy- 
drocarbons by Pressure Hydrometer 

D 1658 - 59 T, Carbon Number Distribution of 
Aromatic Compounds in Naphthas by Mass 
Spectrometry 

D 1659 - 59 T, Maximum Fluidity Temperature 
of Residual Fuel Oil 

D 1661 - 59 T, Thermal Stability of U. S. Navy 
Special Fuel Oil 

D 1747-60T, Refractive Index of Viscous 
Materials ay 


STANDARDS CONTINUED 
REVISION 


The committee recommends that the 
following standards which have stood 
six or more years without revision be 
continued as standards without revision 
as they are being used and, in the opinion 
of the committee, represent good 
practice: 


D 287 - 55, API Gravity of Petroleum Products, 
Hydrometer Method 

D 446-53, Conversion of Kinematic Viscosity 
to Saybolt Universal Viscosity 

D 484-52, Specifications for Stoddard Solvent 

D 525-55, Oxidation Stability of Gasoline 
(Induction Period Method) 

D 565-45, Carbonizable Substances in White 
Mineral Oil (Liquid Petrolatum) 

D 567 — 53, Calculating Viscosity Index 

D 936-55, Aromatic Hydrocarbons in Olefin- 
Free Gasolines by Silica Gel Adsorption 

D 941-55, Density and Specific Gravity of 
Liquids by Lipkin Bicapillary Pycnometer 

D 943-54, Oxidation Characteristics of In- 
hibited Steam-Turbine Oils 

D 1015-55, Freezing Points of High-Purity 
Hydrocarbons 

D 1016-55, Purity of Hydrocarbons from 
Freezing Points 

D 1088-53, Boiling Point Range of Poly- 
merization-Grade Butadiene 

D 1096 - 54, 1-3-Butadiene in C, Hydrocarbon 
Mixtures by Ultraviolet Spectrophotom- 
etry 

D 1215-54, Definition and Specifications for 
Farm Tractor Fuels 


486 
D 1217-54, Density and Specific Gravity of 
Liquids by Bingham Pycnometer 

D 1261-55, Effect of Grease on Copper 

D 1262 — 55, Lead in New and Used Greases 

D 1265-55, Sampling Liquefied Petroleum 
Gases 

D 1267-55, Vapor Pressure of Liquefied Pe- 
troleum Gases 

D 1268-55, Unsaturated Light Hydrocarbons 
(Silver-Mercuric Nitrate Method) 

D 1298-55, Specific Gravity of Petroleum 
Liquids, Hydrometer Method 


AMERICAN STANDARDS 


The committee recommends the fol- 
lowing for action by ASA Sectional Com- 
mittee Z11 on Petroleum Products and 
Lubricants: 


Reapproval of American Standards Revised in 
This Report: 


Z11.24—1956, Flash Point by Tag Closed 
Tester (D 56) 

Z11.10—1960, Distillation of 
Products (D 86) 

Z11.30—1952, Precipitation Number of Lubri- 
cating Oils (D 91) 

Z11.9—1956, Water in Petroleum Product 
(D 95) 

Z11.16—1960, Analysis of Lubricating Grease 
(D 128) 

Z11.25—1958, Conradson Carbon Residue of 
Petroleum Products (D 189) 

Z11.28—1957, Terms Relating to Petroleum 
(D 288) 

Z11.26—1960, Distillation of Gas Oil and 
Similar Distillate Fuel Oils (D 158) 

Z11.36—1958, Existent Gum in Fuels by Jet 
Evaporation (D 381) 

Z11.37—1960, Knock Characteristics of Motor 
Fuels Below 100 Octane Number by the 
Motor Method (D 357) 

Z11.107—1960, Kinematic Viscosity (D 445) 

Z11.41—1960, Unsulfonated Residue of Petro- 
leum Plant Spray Oils (D 483) 

Z11.48—1953, Lead Antiknock Compounds in 
Gasoline (D 526) 

Z11.69—1960, Knock Characteristics of Motor 


Petroleum 


18 The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Fuels Below 100 Octane Number by the Re- 
search Method (D 908) 

Z11.74—1960, Acetylenes in Butadiene, 
Butadiene Concentrates, and Butane- 
Butylene Mixtures (Silver Nitrate Method) 
(D 1020) 

Z11.98—1958, Tetraethyllead in 
(Polarographic Method) (D 1269) 

Z11.105—1960, Mercaptan Sulfur in Aviation- 
Turbine Fuels (Ampero-Metric-Potentio- 
metric Method) (D 1323) 


Gasoline 


Approval as American Standards: 


D 129, Sulfur in Petroleum Products (Bomb 
Method) 

D 1159, Bromine Number of Petroleum Distil- 
lates by Electrometric Titration 

D 1160, Distillation at Reduced Pressure of 
Petroleum Products 

D 1218, Refractive Index and Refractive Dis- 
persion of Hydrocarbon Liquids 

D 1219, Mercaptan Sulfur in Aviation Turbine 
Fuels (Color-Indicator Method) 

D 1796, Water and Sediment in Fuel Oils by 
Centrifuge 


American Standards Withdrawn: 


Z11.94—1957, Analysis of 60 Octane Number 


Reference Fuel Blends (D 1095) 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.” 


This report has been submitted to 
letter ballot of the committee, which 
consists of 147 voting members; 86 
members returned their ballots, of 
whom 76 have voted affirmatively and 
0 negatively. 


Respectfully submitted on behalf of 
the committee, 

H. M. Smiru, 

Chairman. 

= 


W. T. Gunn, | 
Secretary. 
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REPORT OF COMMITTEE 


Committee D-3 on Gaseous Fuels held 
one meeting during the year: on Oct. 9, 
1960, in Atlantic City, N. J. 

The committee consists of 33 members, 
of whom 14 are classified as producers, 7 
as consumers, and 12 as general interest 
members. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1960 Annual Meet- 
ing, Committee D-3 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


New Tentative Method of Test for: 


Calorific Value of Gases in the Natural Gas 
Range by the Continuous Recording Calorim- 
eter (D 1826-61 T). 


Revision of Tentative Method for Analysis of: 


Carbureted Water Gas by the Mass Spectrom- 
eter (D 1302 - 53 T). 


These recommendations were accepted 
by the Standards Committee on Febru- 
ary 15, 1961, and both the new and 
revised methods will appear in the 1961 
Book of ASTM Standards, Part 8. 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for six or more years 
without revision: 

* Sixty-fourth Annual Meeting of the So- 
ciety. June 25-30, 1961. 
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Standard Methods of: 


Test for Calorific Value of Gaseous Fuels by 
the Water-Flow Calorimeter (D 900 - 55), 
Measurement of Gaseous Fuel Samples 

(D 1071 - 55), 
Analysis of Natural Gases by the Volumetric- 
Chemical Method (D 1136-53), 
Sampling Natural Gas (D 1145 — 53), and nit 
Sampling Manufactured Gas (D 1247 — 54). 
The committee recommends the re- 
approval of the following standard with 


the editorial change as indicated: 


Standard Method of Sampling Liquefied 
Petroleum Gases (D 1265-55): 


New Note-——Add a new note to read as 
follows: 


Note.—Samples to be tested for presence of 
corrosive compounds or sulfur compounds should 
be taken in stainless steel containers equipped 
with stainless steel valves; otherwise, determi- 
nation of mercaptans and hydrogen sulfide, for 
example, may be misleading. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Determination 
of Calorific Value of Gaseous Fuels (A. F. 
Cascioli, chairman) completed a tenta- 
tive method for heating value determina- 
tion by the recording calorimeter 
(D 1826) which covers natural gases in 
the range from 900 to 1200 Btu. Con- 
sideration is now being given to extend- 
ing this range by lowering the minimum 
heating value to 800 Btu. 

Subcommitiee IV on Determination of 
Specific Gravity and Density of Gaseous - 
Fuels (E. E. Stovall, chairman) is study- 
ing new developments in methods of 
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specific gravity determination in con- 
nection with revision of the present 
method. Material is expected to be 
available for review at a meeting later in 
the year. 

Subcommittee V on Determination of 
Special Constituents of Gaseous Fuels (O. 
W. Lusby, chairman) met on Oct. 9, 
1960, and discussed procedures for deter- 
mination of total sulfur and hydrogen 
sulfide in small concentrations of less 
than one grain per 100 cu ft. No ASTM 
methods for their determination in such 
quantities are now available. It was felt 
that the methylene blue method for 
hydrogen sulfide could be developed at a 
moderate expenditure and that availa- 
bility of a method along these lines was 
desirable. An estimate of the cost of its 
development was made and presented to 
interested industrial groups. However, 
sufficient industry interest appeared to 
be lacking as no funds were made avail- 
able. 

Subcommiliee VI on Determination of 
Water Vapor Content of Gaseous Fuels 
(E. G. Hammerschmidt, chairman) sub- 
mitted a proposal for a research project 
for pipe line research to develop a water 
vapor recorder capable of accurate re- 
sults under all field and plant operating 
conditions. However, the project is not 
considered to be of industry-wide interest 
requiring immediate action, and approval 
has not been accorded it. 

The subcommittee is studying the 
possibility of extending the scope of the 
present dew-point method for determina- 
tion of water vapor to include determina- 
tion of dew points other than of water. 
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This includes a canvass of several com- 
panies now using an auxiliary magnify- 
ing device for the purpose and its test 
by subcommittee members. 

Subcommittee VII on Complete Analy- 
sis of Chemical Composition of Gaseous 
Fuels (D. V. Kniebes, chairman) revised 
the Tentative Method of Analysis of 
Carbureted Water Gas by the Mass 
Spectrometer (D 1302-53 T). Revision 
of a corresponding method for natural 
gas analysis is now under way. 

A proposed draft of a tentative method 
for natural gas analysis by gas chroma- 
tography, previously distributed to mem- 
bers, was discussed at the June 27 
meeting. Several suggestions were of- 
fered, particularly the desirability of 
covering Cs. and higher fractions. A re- 
vised draft is expected to be in readiness 
for early committee distribution. 

Liaison is being maintained with 
Committee D-2 on Petroleum Products 
and Lubricants on development of a 
method for analysis of liquefied petro- 
leum gases by gas chromatography. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 33 members; 27 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
D. V. KNIEBEs, 


Chairman. 
K.R. Knapp, 
Secretary. 
ate 
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Committee D-4 on Road and Paving 
Materials held two meetings during the 
year: in Atlantic City, N. J. on July 1, 
1960, and in Cincinnati, Ohio, on Febru- 
ary 1, 1961. 

Fred Hubbard was elected as an 
Honorary Member by unanimous vote 
of Committee D-4. 

The committee lost four members by 
death: P. J. Freeman, P. D. Miesen- 
helder, H. F. Clemmer, and Carl Bussow. 
In recognition of the many valuable 
contributions of these members to the 
work of the committee and of the loss 
which members felt in their passing, 
appropriate memorial resolutions were 
prepared and adopted and are being 
entered on the permanent records of 
the committee and the Society. 

Subcommittee B-4 on Ductility was 
deactivated on February 1, 1961, and its 
duties and members were transferred to 
Subcommittee B-24 which was renamed 
“Penetration and Ductility Tests.” 

Subcommittee C-14 on Standard Sizes 
of Coarse Aggregates for Highway 
Construction was also deactivated and 
its members and specification responsi- 
bility were assigned to Subcommittee 
B-9 on Size of Aggregates. 

A. B. Cornthwaite announced his 
resignation as chairman of Committee 
D-4 at the Feb. 1, 1961, meeting. In 
accordance with regulations governing 
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Committee D-4, R. E. Bollen was ap- 
pointed to fill the post of chairman for 
the remainder of the current term of 
office. W. H. Goetz was appointed to 
replace Mr. Bollen as first vice-chairman. 

A Symposium on Microviscometry was 
arranged for the 1961 Annual Meeting. 
Arrangements were also made for presen- 
tation of several papers at the session on 
Road and Paving Materials at the 1961 
Annual Meeting. 


New TENTATIVES 


The committee recommends for publi- 
cation as tentative the following methods 
and specifications as appended hereto:! 


Tentative Methods of: Sel 

Test for Recovery of Asphalt from Solution by 
Abson Method, 

Testing Concrete Joint Sealers, Cold-Application 
Type, 

Testing Jet-Fuel-Resistant Joint Sealer for Con- 
crete, Cold-Application Elastic Type, and 

Testing Jet-Fuel-Resistant Concrete Joint 
Sealer, Hot-Poured Elastic Type. 


Tentative Specifications for: 

Concrete Joint Sealer, Cold-Application Type 

Jet-Fuel-Resistant Concrete Joint Sealer, Cold 
Application Elastic Type, and 

Jet-Fuel-Resistant Concrete Joint Sealer, Hot 
Poured Elastic Type. 


REVISIONS OF TENTATIVE 


The committee recommends the revi- 
sion as follows of the Tentative Specifica- 
tion for Crushed Stone, Crushed Slag, 


1 The new tentatives appear in the 1961 Book 
of ASTM Standards, Part 4 
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and Gravel for Single or Multiple Bitu- 
minous Surface Treatments (D 1139 - 
87 T)? 

Table I.—Change the maximum per- 
centage by weight of total sample for 
aggregate sizes 5 and 6 from “5.0” to 
“10.0.” After the words “Flat or elon- 
gated pieces,” add the words “retained 
on the ?-in. sieve.” 


TENTATIVE REVISION OF STANDARD 


The committee recommends the tenta- 
tive revision as appended hereto* of the 
Standard Methods of Testing Emulsified 
Asphalts (D 244 — 60).? 


REVISION OF STANDARD AND REVERSION 
TO TENTATIVE 


The committee recommends revisions 
as indicated of the following standards 
and their reversion to tentative: 


Standard Methods of Test for: 

Amount of Materials Finer Than No. 200 Sieve 
in Aggregate (C117-49).2 Revise as ap- 
pended hereto.‘ 

Sieve Analysis of Fine and Coarse Aggregates 
(C 136 —- 46)? (Jointly with Committee C-9). 
Revise as appended hereto.‘ 

Standard Specifications for: 


Bituminous Mixing Plant Requirements 
(D 995 -55).? Revise as appended hereto.‘ 


ADOPTION OF TENTATIVES AS STANDARD 
WitHovut REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without revi- 
sion: 

Tentative Methods of Test for: 
Vacuum Distillation of Liquid and Semi-Solid 

Asphaltic Materials to Obtain a Residue of 

Specified Penetration (D 1189 - 52 T),? and 


Engler Specific Viscosity of Tar Products 
(D 1665 59 


21958 Book of ASTM Standards, Part 4. 

3 The tentative revision appears in the 1961 
Book of ASTM Standards, Part 4. 

*The revised methods and_ specification 
appear in the 1961 Book of ASTM Standards, 
Part 4. 

51959 Supplement to Book a ASTM Stand- 
ards, Part 4. 


ADOPTION OF TENTATIVE AS STANDARD 
Wit REVISION 


The committee recommends that the 
Tentative Method of Test for Penetra- 
tion of Bituminous Materials (D 5-59 
T)® be approved for reference to letter 
ballot of the Society for adoption as 
standard with revisions as indicated. 

New Section 9.—Add a new Section 9 
entitled “Precision” to read as follows: 


9. The following criteria should be used for 
judging the acceptability of results (95 per cent 
probability) for penetration tests at 77 F, 100 g, 
5 sec: 

(a) Repeatabdility.—Duplicate results by the 
same operator should not be considered suspect 
unless they differ by more than 4 per cent. 

(b) Reproducibility—The results submitted 
by each of two laboratories should not be con- 
sidered suspect unless the two results differ by 
more than 10 per cent. 


WITHDRAWAL OF STANDARD 


The committee recommends the with- 
drawal of the Standard Method of Test 
for Penetration of Bituminous Materials 
(D 5-52).? 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following 23 standards 
which have stood for six or more years 
without revision: 


Standard Methods of Test for: 


Resistance to Plastic Flow of Fine-Aggregate 
Bituminous Mixtures by Means of the 
Hubbard-Field Apparatus (D 1138-52), 

Distillation of Cutback Asphaltic Products 
(D 402 - 55), 

Softening Point of Bituminous Materials (Ring- 
and-Ball Method) (D 36 - 26), 

Softening Point of Tar Products (Cube-in-Water 
Method) (D 61 - 38), 

Hot Extraction of Asphaltic Materials and Re- 
covery of Bitumen by the Modified Abson 
Procedure (D 762 — 49), 

Float Test for Bituminous Materials (D 139 - 
49), 

Sieve Analysis of Mineral Filler (D 546 - 55), 

Abrasion of Coarse Aggregate by Use of Los 
Angeles Machine (C 131 - 55), 

Abrasion of Rock by Use of the Deval Machine 


(D 2-33), 
a 
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Toughness of Rock (D 3 - 18), 

Abrasion of Graded Coarse Aggregate by Use 
of the Deval Machine (D 289 - 55), 

Sampling Bituminous Materials (D 140-55), 

Sampling Bituminous Paving Mixtures (D 979 - 
51), 

Ductility of Bituminous Materials (D 113 - 44), 

Effect of Water on Cohesion of Compacted Bi- 
tuminous Mixtures (D 1075 - 54), 

Sulfonation Index of Road Tars (D 872-48), 

Preformed Expansion Joint Fillers for Concrete 
(Nonextruding and Resilient Type) (D 545 - 
49), 

Residue of Specified Penetration (D 243 - 36), 

Volume Correction Table for Tar and Coal-Tar 
Pitch (D 633 — 44), 

Specific Gravity of Road Oils, Road Tars, 
Asphalt Cements, and Soft Tar Pitches 
(D 70 - 52), and 

Specific Gravity of Asphalts and Tar Pitches 
Sufficiently Solid to be Handled in Fragments 
(D 71 - 52). 


Specifications for: 

Tar (D 490 - 47), and 

Crushed Stone and Crushed Slag for Bituminous 
Macadam Base and Surface Courses of Pave- 
ments (D 693 — 54). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the fol- 
lowing tentatives: 


Tentative Methods of Test for: 


Resistance to Deformation and Cohesion of Bi- 
tuminous Mixtures by Means of Hveem Ap- 
paratus (D 1560-58 T), 

Preparation of Test Specimens of Bituminous 
Mixtures by Means of California Kneading 
Compactor (D 1561 - 58 T), 

Scratch Hardness of Coarse Aggregate Particles 
(C 235 - 57 T), 

Loss on Heating of Oil and Asphaltic Com- 
pounds (D 6-39 T), 

Coating and Stripping of Bitumen-Aggregate 
Mixtures (D 1664-59 T), and 

Concrete Joint Sealers (D 1191 -52 T). 


Tentative Specifications for: 

Asphalt Cement for Use in Pavement Construc- 
tion (D 946 - 47 T), 

Crushed Stone, Crushed Slag, and Crushed 
Gravel for Dry-Bound or Water-Bound 
Macadam Base Courses (D 694-57 T), 

Mineral Filler for Bituminous Paving Mixtures 
(D 242 - 57 T), 

Coarse Aggregate for Bituminous Paving Mix- 

tures (D 692 - 59 T), 


Hot-Mixed, Hot-Laid Asphalt Paving Mixtures 
(D 1663 - 59 T), and 

Concrete Joint Sealer, Hot-Poured Elastic Type 
(D 1190-52 T). 


TENTATIVE REVISIONS CONTINUED 
WitHovuT REVISION 


The committee recommends the con- 
tinuation without revision of the tenta- 


tive revisions as indicated of the 
following standards: 
Standard Methods of Testing: = 


Emulsified Asphalts (D 244-60), tentative re- 
vision issued June, 1958. 

Preformed Expansion Joint Fillers for Concrete 
(Nonextruding Resilient Types) 
(D 545 — 49), tentative revision issued June, 
1956. 


EDITORIAL CHANGES 


The committee recommends editorial 
changes as indicated in the following 
standards: 


Standard Specifications for Cut-back 
Asphalt (Rapid-Curing Type) (D 
597 — 46),? and 


Standard Specifications for Cut-back As- 
phalt (Medium-Curing Type). (D 
598 — 46):? 

Sections 3(c).—Add to the end of this 
paragraph in both specifications: “shall 
be used except that the distillate frac- 
tions shall be reported on the basis of 
percentage by volume of the total distil- 
late to 680 F.” 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee A-4 on Papers (C. L. 
Monismith, chairman) sponsored six 
papers at a highly successful technical 
session at the 1960 Annual Meeting. Ar- 
rangements have been made for the pres- 

6 The letter ballot vote on these reeommenda- 


tions was favorable; the results of the vote e are 
on record at ASTM Headquarters. _ 
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entation of five papers at a Symposium 
on Microviscometry to be held at the 1961 
Annual Meeting. Arrangements have 
also been made for presentation of 
several papers at the Technical Session on 
Road and Paving Materials at the 1961 
Annual Meeting. 

Subcommittee A-5 on Finance (P. F. 
Phelan, chairman) was appointed in 
February 1960 with the responsibility of 
developing a suitable program for 
financing the necessary activities of 
Committee D-4. 

Subcommittee B-1 on Asphalt Content 
(H. F. Waller, chairman) has recom- 
mended that Method D 1189 be adopted 
as standard. The subcommittee is under- 
taking a study of the need for test 
methods for obtaining residues for test 
for elastomer modified asphaltic cutback. 

Subcommittee B-2 on Physical Tests 
for Compressed Bituminous Mixtures (L. 
F. Rader, chairman) has task forces 
actively studying methods under their 
jurisdiction. Task Force I and IV have 
made various recommendations for 
changes in Method D 1559. Task Force V 
is studying and preparing recommenda- 
tions concerning standardization of 
kneading compactors for possible revi- 
sions of Method D 1561. 

Subcommittee B-5 on Softening Point 
(D. F. Fink, chairman) has_ been 
studying means for improving the preci- 
sion of Method D 36. As a result of a 
cooperative test program a report en- 
titled “A Statistical Comparison of a 
Modified Softening Point Method with 
ASTM D 36-26, Softening Point of 
Bituminous Materials, Ring and Ball 
Method” is being recommended for 
publication in Materials Research & 
Standards. 

Subcommittee B-6 on Extraction and 
Recovery of Constituents from Bituminous 
Mixtures (E. W. Klinger, chairman) has 
recommended the adoption of the Ten- 
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tative Method of Test for Recovery of 
Asphalt from Solution by the Abson 
Method. The subcommittee is also 
working on preparation of three tentative 
extraction test methods and expects to 
complete this work before the 1961 
Annual Meeting. 

Subcommitiee B-7 on Viscosity and 
Float Test (C. A. Benning, chairman) 
has been concerned with the float test 
and the development of the Engler 
viscosity method for road tars. This sub- 
committee has been directed to in- 
vestigate other viscosity test methods, 
particularly those of the capillary tube 
type. 

Subcommittee B-9 on Size of Aggre- 
gates (Fred Hubbard, chairman) has 
reverted Methods C 117 and C 136 to 
tentative to incorporate major changes. 
The subcommittee has taken over the 
responsibilities of recently deactivated 
Subcommittee C-14 on Standard Sizes of 
Coarse Aggregates for Highway Con- 
struction. 

Subcommittee B-12 on Structural Prop- 
erties of Mineral Aggregates (Stanton 
Walker, chairman) has recommended 
publication in Materials Research & 
Standards of a complete report on the 
study of the Los Angeles test by D. O. 
Woolf’s special committee. A cooperative 
investigation of a crushing test for coarse 
aggregate, developed in Great Britain, 
has been considered. 

Subcommittee B-14 on Specific Gravity 
(H. T. Williams, chairman) has planned 
a collaborative investigation of the 
“Rice” method of test for maximum 
specific gravity of uncompacted bitumi- 
nous paving mixtures. A task force of 
four members has been appointed to 
prepare a program and six laboratories 
have volunteered to participate. 

Subcommittee B-16 on Setting Qualities 
of Bituminous Materials (A. B. Corn- 
thwaite, chairman) has circulated to 
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Committee D-4, for information, a 
Method of Test for Curing Rate of Cut- 
back Asphalts as a result of cooperative 
tests and plans to submit this method to 
letter ballot as soon as all test data can 
be summarized and evaluated. 

Subcommittee B-17 on Emulsion Tests 
(P. E. McCoy, chairman) recommended 
adoption of a method of test for coating 
and water resistance of coarse aggregate 
mixing emulsions as a tentative revision 
of Method D 244. The subcommittee has 
appointed a task force to consider and 
develop cationic emulsion tests. 

Subcommittee B-19 on Accelerated Tests 
for Durability of Bituminous Materials 
(D. C. Taylor, chairman) has a task force 
working on a method of test for aging 
index of bituminous materials. A coop- 
erative testing program is also under way 
on the thin film oven test. 

Subcommittee B-24 on Penetration Test 
(J. Y. Welborn, chairman) undertook a 
series of cooperative tests to establish the 
precision of Method D 5-59 T. They 
have recommended withdrawal of 
Method D 5-52 and the adoption as 
standard of Method D 5-59 T with 
inclusion of a precision statement. The 
name of the committee was changed to 
“Penetration and Ductility Tests” and 
has taken over the responsibilities of the 
recently deactivated Subcommittee B-4 
on Ductility. 

Subcommittee B-26 on Effect of Water 
on Bituminous Coated Aggregates (W. H. 
Goetz, chairman) has five active task 
forces. Consideration has been given to 
the formulation of a precision statement 
for Method D 1075. The subcommittee 
is also working on preparation of a tenta- 
tive method of test for stripping of 
bitumen which would provide for a 
measure of film retention by means of 
the lithium tracer salt technique. 

Subcommittee C-1 on Asphalt Cements 


On ROAD AND PAVING MATERIALS» 


(A. R. Curtis, chairman).—Subcom- 
mittee letter ballots are being taken on 
changing the number of penetration 
grades in Specification D 946 to five, on 
substituting the thin film oven test for 
the loss on heating test, and on elimina- 
ting the test limits for per cent ash. 

Subcommittee C-4 on Emulsified As- 
phalis (C. E. Proudley, chairman) has a 
task force working on specifications for 
cationic emulsions and a task force con- 
sidering the revision of the format of 
specifications for asphalt emulsions. 

Subcommitiee C-8 on Water-Bound 
Roads (J. E. Wood, chairman) has estab- 
lished a task force to explore the testing 
of fine materials derived from crushed 
stone, slag, or natural sources since 
Specifications D 694 have been con- 
tinued as tentative due to inadequacies 
in Section (5) of that specification. 

Subcommittee C-12 on Bituminous Sur- 
face Treatments (J. O. Izatt, chairman) 
recommended a revision to Specification 
D 1139 based on a survey of limits for 
flat and elongated pieces for certain ag- 
gregate sizes. 

Subcommitiee C-13 on Bituminous 
Paving Plant Operations (J. Ward, chair- 
man) prepared extensive revisions to 
Specification D 995 and recommended 
the specification be reverted to tentative. 

Subcommitiee D-1 on Calcium and 
Sodium Chloride for Use as Road Ma- 
terials (J. D. Lindsay, chairman) is en- 
deavoring to prepare a method of test for 
determining moisture in sodium chloride 
and calcium chloride. 

Subcommittee D-2 on Highway Traffic 
Marking Materials (Paints, Insets and 
Strips) (N. G. Smith, chairman) is con- 
sidering the type of specification needed 
for traffic paints and plans appoint- 
ment of task forces for this purpose. 

Subcommitiee D-3, Joint Fillers and 
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Asphalt Planks (E. R. Oglio, chairman) 
prepared the three tentative specifica- 
tions for concrete joint sealers, and three 
tentative methods of test for concrete 
joint sealers. 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 186 members; 85 members re- 
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turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
Boren, 


Chairman. 
B. F. Kattas, 


General Secretary, 
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Committee D-5 on Coal and Coke held 
one meeting during the year in Atlantic 
City, N. J., on June 29, 1960. Three 
meetings of the Advisory Subcommittee 
were held in Atlantic City, N. J., on 
June 28, 1960; in Pittsburgh, Pa., Sep- 
tember 27, 1960; and in Cincinnati, Ohio, 
January 30, 1961. Subcommittees and 
task groups also held meetings in 
Atlantic City, in Pittsburgh, and in 
Cincinnati. 

During the year the committee lost 
two members due to retirement and three 
members were added. The 67 voting 
members are classified as: producer, 19; 
consumers, 27; and general interest 
members, 21. The present committee 
consists of the Advisory and 11 technical 
subcommittees having 15 sections and 
task groups. Included in these groups are 
29 consulting members who are special- 
ists in sampling, testing, analysis, classi- 
fication, and related activities. 

The retiring chairman of this com- 
mittee, O. W. Rees, was honored by the 
Society at the 1960 Annual Meeting 
with the Society’s Award of Merit. 
RECOMMENDATION ACCEPTED BY THE 


ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1960 Annual Meet- 
ing, Committee D-5 presented to the 
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Society through the Administrative 
Committee on Standards the recom- 
mendation that the Method of Test for 
Plastic Properties of Coal by the Gieseler 
Plastometer be published as tentative. 
This recommendation was accepted by 
the Standards Committee on Septem- 
ber 29, 1960, and the method appears in 
the 1960 Supplement to Book of ASTM 
Standards, Part 8, bearing the designa- 
tion D 1812 - 60 T. 


New TENTATIVE 


The committee recommends for pub- 
lication as tentative the Proposed Tenta- 
tive Method of Test for Fusibility of 
Coal Ash as appended hereto.! 


TENTATIVE REVISION OF STANDARD 


The committee recommends tentative 
revisions as follows of the Standard 
Methods of Laboratory Sampling and 
Analysis of Coal and Coke (D 271 - 58):? 

Section 18(b)—Change to read as 
follows: 


(b). Volatile Matter By Modified Procedure.— 
All fuels that spark when the volatile matter is 
determined by the methods described in Sec- 
tions 17 and 19 shall be treated as follows: 
The sample shall be given a preliminary gradual 
heating such that a temperature of 600 + 50C 
is reached in 6 min (Notes 12, 13, 14). After this 
preliminary heating the sample is heated for 
exactly 6 min at 950 + 20C. If sparking is then 
observed the determination shall be rejected 


1 The new tentative appears in the 1961 Book 
of ASTM Standards, Part 8. 
21958 Book of ASTM Standards, Part 8. 
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and the test repeated until no sparking occurs 
either during the preliminary heating or during 
the 6-min period at 950C. Remove crucible 
from furnace and cool on a metal cooling block 
and weigh (Note 15). The percentage loss in 
weight minus the per cent moisture is the volatile 
matter. All analyses by this method shall be 
marked to indicate that the modified procedure 
was used. 


New Notes—Add the following four 
new notes following Section 18(d), re- 
numbering subsequent notes accordingly: 


Nore 12.—If a tubular furnace of the Field- 
ner type is used for the determination of volatile 
matter, the preliminary gradual heating may be 
accomplished by moving the crucible to pre- 
determined positions in the cooler top zone of 
the furnace. Due to variations in the heating 
characteristics of the furnace, the operator must 
determine by the thermocouple method in 
Section 19 for each furnace the proper position 
to meet preliminary heating rate as specified. 
It is also possible to use a mechanical device to 
lower the crucible into the furnace. ; 

Note 13.—If electric muffle furnaces are 
used the heating may be accomplished by using 
two furnaces situated side by side, one furnace 
being controlled at 550 + 10C, the other at 
950 + 10 C. The crucible containing the sample 
is placed on a nichrome support # to 3 in. high, 
and placed in the muffle furnace controlled at 
550 + 10C for exactly 6 min, after which time 
it is rapidly transferred along with its nichrome 
support to the second muffle furnace, controlled 
at 950 + 10C, and allowed to remain for 
exactly 6 min. 

Note 14.—If the Meker burner method 
described in Paragraph (c) is used, the rate of 
heating specified in (5) shall be observed. 

Note 15.—To insure uniformity of results 
the cooling period should be kept constant 
and should not be prolonged beyond 15 min. 


ADOPTION OF TENTATIVE AS STANDARD 
WitHovut REVISION 


The committee recommends that the 
Tentative Method of Test for Equi- 
librium Moisture of Coal at 96 to 97 per 
cent Relative Humidity and 30C 
(D 1412 - 56 T)? be approved for refer- 
ence to letter ballot of the Society for 
adoption as standard without revision. 
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REAPPROVAL OF STANDARDS 

All the standards under the jurisdic- 
tion of this committee that have stood 
for six years or more without revision 
have been reviewed and are still con- 
sidered to be in accord with present prac- 
tice. The Committee recommends the 
reapproval of these standards without 
revision. 


TENTATIVE REVISION CONTINUED 
WitTHovuT REVISION 


The committee recommends the con- 
tinuation without revision of the tenta- 
tive revision of Standard Definitions of 
Terms Relating to Coal and Coke 
(D 121 30).2 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Advisory Subcommittee (R. L. Coryell, 
chairman) approved the formation of a 
new Subcommittee XXV on Physical 
Tests of Briquets. It also approved the 
reactivation of Subcommittee XVIII on 
Classification of Coal. Task Group D 
was approved to coordinate the subcom- 
mittee programs for the preparation and 
revision of methods of sampling and 
analysis of coal for moisture. This group 
under the chairmanship of W. W. 
Anderson made several helpful recom- 
mendations which have been transmitted 
to Subcommittees XXI and XXIII. New 
chairmen were appointed for Subcom- 
mittees VII, XV, XVIII, XXI, and 
XXIV. Work has been started by a 
special task group headed by the com- 
mittee Vice Chairman, W. M. Bertholf, 
on the review of the scopes of the sub- 
committees. 

Subcommittee II on Nomenclature and 

3 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Definitions (C. H. Sawyer, chairman) has 
been actively engaged in reviewing the 
new tentatives on coal and coke for con- 
sistency of terminology and also in con- 
sidering terms referred by other sub- 
committees. Particular attention has 
been given to calorimetry terms to be 
used in the proposed method utilizing 
the adiabatic calorimeter prepared by 
Task Group C, as reported later. 

Subcommittee VII on Physical Charac- 
teristics of Coal (A. Bogot, chairman) has 
continued work on revision of the 
Method of Test for Grindability of Coal 
by the Hardgrove-Machine Method 
(D 409-51). The previous chairman, 
H. F. Yancey, who served effectively 
on this subcommittee for many years, 
has retired from the U. S. Bureau of 
Mines. With the greatly enlarged scope, 
this subcommittee is reviewing eight 
other standards including tests for screen 
(sieve) analysis of coal. 

Subcommittee XV on Plasticity and 
Swelling of Coal (C. R. Montgomery, 
chairman) is considering new procedures 
for and possible revision of Method of 
Test for Free-Swelling Index of Coal 
(D 720-57). Task groups are preparing 
methods of tests for expansion proper- 
ties of coal by the movable-wall oven and 
the sole-heated oven. Consideration is 
being given to use of different operating 
procedures for the 12-in. and the 18-in. 
test ovens. Investigations are being made 
of possible improvements in the new 
Method D 1812 —- 60 T mentioned earlier 
in this report and the constant torque 
modification of the Gieseler apparatus. 

Subcommittee XVIII on Classification 
of Coal (R. A. Glenn, chairman) has been 
reactivated and 15 members appointed. 
At the first meeting in Cincinnati, plans 
were made for reviewing and possibly 
up-dating present Specifications D 388 - 
38 and D 389-37. Task groups have 
been designated to implement the pro- 
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Subcommiltee XX on Sampling and 
Fineness of Pulverized Coal (E. L. Rogers, 
chairman) has not held any meetings 
during the year. Work is in progress on 
revision of Method D 197 - 30. 

Subcommitiee XXI on Methods of 
Analysis (J. B. McIlroy, chairman) has 
completed a tentative revision of Method 
D 271-58, consisting of a modified 
method for determination of volatile 
matter, as noted earlier in this report. 
Work is progressing on methods for de- 
termination of chlorine and forms of 
sulfur in coal. This subcommittee is now 
undertaking the tasks of (1) developing 
referee and non-referee methods for de- 
termination of total moisture in coal, and 
(2) considering modification of certain 
portions of present standards covering 
the determination of moisture. 

Subcommitiee XXII on Physical Tests 
of Coke (W. L. Glowacki, chairman) is 
considering possible revisions in stand- 
ard Methods D 141-48, D 293-50, 
and D 294-50 covering shatter, sieve, 
and tumbler tests of coke. Other physical 
tests of coke will be similarly reviewed 
for possible revision. This subcommittee 
is particularly interested in the activities 
of Working Group 8 on Coke of ISO 
TC/27, and the chairman has attended 
two meetings of that group in Europe, as 
described later under Subcommittee 
XXVII. 

Subcommittee XXIII on Sampling 
(W. M. Bertholf, chairman) has reached 
general agreement on the fundamentals 
involved in methods and equipment for 
mechanical sampling of coal and prep- 
aration of laboratory samples. It is hoped 
that final drafts of these methods will be 
approved by the subcommittee this year 
and submitted to the committee for 
action. Upon completion of the method 
for mechanical sampling, consideration 
will be given to hand sampling of coal. 
Matters pertaining to sampling of coke 
are being handled by the chairman until 
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there is sufficient need for reactivating 
the coke sampling section. 

Subcommittee XXIV on _ Statistics 
(W. M. Bertholf, chairman) has been 
organized as a service group (1) to estab- 
lish uniform practices of obtaining and 
analyzing precision test data for coal and 
coke test methods; (2) to assist other sub- 
committees in establishing precision 
limits; (3) to review the precision state- 
ments in proposed methods or revisions 
thereof; and (4) to review and recom- 
mend desirable changes in subcommittee 
interlaboratory tests prior to experi- 
mentation. 

At the first meeting in Cincinnati 
plans were proposed for active liaison 
with Committee E-11 on Quality Con- 
trol of Materials. The chairman has un- 
officially been performing this service for 
the committee for several years and the 
formation of this subcommittee is in- 
tended to make his work official and to 
provide several well-qualified assistants. 

Subcommittee XXV on Physical Tests 
of Briquets (chairman to be appointed). 
The formation of this subcommittee has 
been approved by the Advisory Sub- 
committee, and the scope and related 
matters are now being considered. 

Subcommittee XXVII, American 
Group ISO/TC 27 on Solid Mineral Fuels 
(W. H. Ode, chairman) has held meet- 
ings concurrently with regular D-5 sub- 
committee meetings plus two additional 
meetings in Pittsburgh, Pa. The four 
Research Sections on (1) Sampling, (2) 
Preparation, (3) Coke Testing, and (4) 
Analysis have been most active and have 
reviewed the numerous pertinent ISO 
documents provided through the Ameri- 
can Standards Assn. 

ISO TC/27 Working Groups 7 and 8 
on Sampling and Coke Testing held 
meetings in Madrid, Spain, November 9 
to 16, 1960. W. L. Glowacki and A. A. 
Orning from this committee attended as 
American representatives. 


A draft proposal for the determination 
of the gross calorific value of coal by the 
adiabatic bomb calorimeter, based on the 
work of Task Group C, has been pre- 
pared and submitted as the USA contri- 
bution to ISO TC/27 at their request. A 
small representation of Committee D-5 
members is attending the Sixth Plenary 
Meeting of ISO TC/27, to be held in 
London the week of June 26, 1961. 

Financing the participation of USA 
delegates to ISO meetings in Europe is 
becoming an increasingly serious problem 
to this committee. Fortunately this year 
these expenses were largely defrayed by 
the organizations of the representatives 
or by the representatives themselves, but 
there is no certainty that this will con- 
tinue. It is necessary that the committee 
have on-the-spot representation at the 
ISO meetings for effective USA partici- 
pation in the ISO programs. Contribu- 
tions to the ASTM fund by interested 
organizations are essential for continued 
active participation in this international 
work, 

Task Group C on the Adiabatic Calo- 
rimeler (A. O. Blatter, chairman) has 
completed the third draft of the method 
of test for gross calorific value of solid 
fuel by the adiabatic calorimeter and has 
received letter ballot approval of its 
members. Interlaboratory tests had been 
made in 15 laboratories on samples of 
four coals representing different areas, 
and data were obtained to establish cali- 
bration requirements and the precision 
limits between and within laboratories. 
This method is being recommended for 
approval by the committee as a proposed 
tentative method. 

Task Group D on Moisture in Coal De- 
terminations (W. W. Anderson, chair- 
man) has reviewed the existing methods 
for preparation and analysis of coal sam- 
ples for moisture, and has recommended 
specific assignments for Subcommittees 
XXI and XXIII. Task Group D will 
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follow the moisture aspects of the work _ bers returned their ballots, all of whom 
of these subcommittees and continue to have voted affirmatively. 


make recommendation for the coordina- Respectfully submitted on behalf of 
tion of this work. the committee, 


R. L. CorYELL, 
This report has been submitted to 


letter ballot of the committee, which 
consists of 67 voting members; 52 mem- Secretary. 
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Committee D-6 on Paper and Paper 
Products held two meetings during the 
year: on June 30, 1960, in Atlantic City, 
N. J., and on Feb. 23 and 24, 1961 in 
New York, N. Y. The Advisory Com- 
mittee, subcommittees, and task groups 
also met at these times. 

Committee D-6 consists of 101 mem- 
bers of whom 85 are voting members; 30 
are classified as producers, 22 as con- 
sumers, and 49 as general interest mem- 
bers. 

An operating procedure for the joint 
development of standard methods of 
testing paper and paper products by 
both ASTM and the Technical Associa- 
tion of the Pulp and Paper Industry has 
been developed. Upon approval by both 
Committee D-6 and TAPPI, joint sub- 
committees will be formed to implement 
this procedure. 

The Joint TAPPI-ASTM Committee 
D-6 Symposium on Relative Humidity, 
Its Measurement and Control, held dur- 
ing the TAPPI Testing Conference in 
Grand Rapids, Mich., on September 28, 
1960, was enthusiastically received. The 
purpose of the symposium was to focus 
attention on the need for accurate con- 
trol of temperature and humidity, to 
point out the danger of relying on inade- 
quate, inaccurate and insensitive measur- 
ing and controlling equipment and to 
present designs for enclosures wherein 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 
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close control of temperature and hu- 
midity can be realized. 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 
The committee recommends for im- 
mediate adoption revisions of the follow- 
ing standards as indicated, and accord- 
ingly requests the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be 
referred to letter ballot of the Society. 


Standard Method of Test for Reducible 
Sulfur in Paper (D 984 — 57):! 
New Section.—Add a new Section 2 on 
Significance to read as follows, renum- 
bering subsequent sections accordingly. 


2. Significance—(a) Paper showing less 
than 0.0008 per cent reducible sulfur when 
tested by this method may be regarded as non- 
tarnishing toward polished metals, as far as 
sulfur is concerned. However, this value is not 
intended to define non-tarnish paper per se. 

(6) This method will satisfactorily determine 
reducible sulfur content as low as 0.0001 per 
cent (1 ppm) in paper if the blank determination 
is negative. In case the blank indicates a sig- 
nificant amount of reducible sulfur present in 
the reagents or atmosphere, sensitivity of the 
determination is correspondingly reduced. 


Standard Method of Static Bending 
Test for Corrugated Paperboard 
(D 1098 - 52):! 

New Section—Add a new Section 2 on 

Significance to read as follows, renum- 

bering subsequent sections accordingly: 


11958 Book of ASTM Standards, Part 6. 
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2. Significance—The static bending test 
makes use of the relationship between load and 
deflection which may be used to determine the 
modulus of elasticity or stiffness of corrugated 
fiberboard. This stiffness is one factor in the 
evaluation of the strength of corrugated fiber- 
board. The deflection of a beam under load 
varies inversely as the modulus of elasticity, 
that is, the higher the modulus the less the 
deflection. This physical property of corrugated 
fiberboard is influenced by the kind, weight 
and thickness of the facings; the quality and 
thickness of the corrugating medium; the form 
of the corrugations; and the quality of the 
adhesive bond between the component paper- 
boards of the built-up structural material. 

While the results of static bending tests are 
indicative of the strength characteristics of 
corrugated board it must be recognized that 
when made up into containers such board 
seldom acts as a simple beam or column due to 
the effect of scores and other features of con- 
struction. 


REAPPROVAL OF STANDARDS 


The committee recommends the reap- 
proval of the following standards which 
have stood for six years or more without 
revision: 

Standard Methods of Test for: 
Machine Direction of Paper (D 528 - 41), 
Printing Ink Permeation of Paper (Castor Oil 

Test) (D 780 - 46), 

Absorption by Bibulous Papers of Water and 

Writing Ink (D 824 - 47), 

Bleeding Resistance of Asphalted Paper at 

Elevated Temperature (D 917-49), 
Blocking Resistance of Paper and Paperboard 

(D 918 — 49), 


Crease Retention of Wrapping Paper (D 
920 — 49), 

Paraffin Wax Absorptiveness of Paper 
(D 983 - 50), 


45-deg, 0-deg Directional Reflectance for Blue 
Light (Brightness) of Paper (D 985 - 50), an:| 

Lint of Paper Towels (D 1163 - 53). 

Standard Methods for: 


Creasing Paper for Permeability Tests (D 
1027 - 51). 


TENTATIVES CONTINUED WITHOUT 
REVISION 
The committee recommends the con- 
tinuation without revision of the follow- 
ingtentative: 
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Tentative Methods of Test for: 


Contrast Gloss of Paper at 57.5 deg (D 
1222 - 52 T). 


EDITORIAL CHANGES 


The committee recommends editorial 
changes as follows in the Standard 
Method of Test for Water-Soluble Acid- 
ity or Alkalinity (D 548 - 41):! 

Section 7.—In line 5, change “sodium 
oxide (Na,O)” to “sodium hydroxide 
(NaOH).” Change the second formula 
to read ““NaOH per cent = (T2 X + 
t X Ni) X 0.04 X 100.” 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES ae 


Subcommittee I on Sampling and Con- 
ditioning (T. W. Lashof, chairman).— 
A task group is working on a recom- 
mended form for the precision statement 
for methods based on D 1749, Tentative 
Recommended Practice for Interlabora- 
tory Evaluation of Test Methods. A new 
permanent task group has been formed 
to advise task groups of other subcom- 
mittees of the committee in the planning 
and analysis of round-robin tests. Two 
methods for conditioning are in process. 

Subcommittee II on Chemical Methods 
(A. P. Tracy, chairman).—Methods for 
mold resistance and quantitative content 
of mineral fillers are being balloted upon. 
Methods D 276 and D 1030 are being 
studied with a view to combining them 
into a single method for fiber identifica- 
tion. 

Subcommittee III on Paper Testing 
(L. Price, chairman) is balloting on thick- 
ness of paper and paper products, 
stretch of paper under tension, and 
specular gloss at 75 deg. 

? The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Subcommitiee IV on Physical Test 
Methods for Container Board (M. J. 
Clark, chairman).—Close cooperation 
with the TAPPI Container Testing 
Group will result in early balloting on 
methods of test for burst, flat crush, and 
puncture. 

Subcommitiee VI, Editorial (W. R 
Willets, chairman) is revising the Mono- 
graph on Paper and Paperboard: Charac- 
teristics, Nomenclature and Significance 
of Tests (ASTM STP No. 60-A) which 
is well along toward publication. 

Subcommittee VII, ISO/TC6 on Paper 
(G. L. Adams, chairman), is made up 
of the Committee D-6 representatives 
to the USA Advisory Group to ISO/TC6 
on Paper. The USA Advisory Group is 
actively participating in the ISO sub- 
committee covering nomenclature, ter- 
minology, and substance, on _ test 
methods and quality specifications and 
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in determining dimensions. Representa- 
tives recently attended ISO meetings in 
Paris and Lisbon. 

Current matters under consideration 
are size of correspondence envelopes and 
pockets and a method for determination 
of moisture content of paper and board 
(oven drying method). 


This report has been submitted to 
letter ballot of the committee, which 
consists of 85 voting members; 60 mem- 
bers returned their ballots, of whom 52 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
A. 
Chairman. 
R. E. GREEN, 
| «Wee us 
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Committee D-7 on Wood and nine of 
its subcommittees met at the Forest 
Products Laboratory, Madison, Wis., 
on Jan. 19 and 20, 1961. 


RESEARCH ACTIVITIES 


The major undertaking that has 
dominated research in Committee D-7 
for the past six years has been the 
ASTM Wood Pole Research Program. 
Sponsored by ASTM and implemented 
by contributions of some $300,000 from 
70 companies, organizations, agencies, 
and societies, the program culminated 
with the publication of the final report 
in 1961. The study involved tests of 620 
treated and untreated poles of 5 species 
and over 14,000 tests of matched small 
clear specimens of wood. The basic 
purpose was to promote the more effi- 
cient utilization of wood poles through 
more extensive and reliable knowledge 
of their strength properties and of 
factors that affect these properties. 
The major effort during the past year 
comprised the compilation and analysis 
of all the data and its integration into 
the final report. The report, entitled 
“Strength and Related Properties of 
Wood Poles,” by Lyman W. Wood, 
E. C. O. Erickson, and A. W. Dohr 
(with Foreword by L. J. Markwardt) 
(STP No. 295) may be purchased from 
ASTM at a nominal price. 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 


At the meeting of Committee D-7 on 
January 20, 1961, the following resolu- 
tion was unanimously adopted: 


Inasmuch as the ASTM Wood Pole Re- 
search Program involving the scientific 
strength testing of hundreds of full-sized 
poles and thousands of small specimens has 
been satisfactorily concluded, the data ana- 
lyzed, and a comprehensive report of the 
entire test program just released, Br Ir Re- 
SOLVED that Committee D-7, in session at 
Madison this January 20, acknowledges 
with most sincere thanks the services ren- 
dered by the Forest Products Laboratory, 
its Directors—two served during the course 
of the tests,—and its entire staff. Particu- 
larly do we salute L. J. Markwardt, R. P. 
A. Johnson, Lyman W. Wood, E. C. O. 
Erickson, and A. W. Dohr. This was a 
stupendous achievement well done. 


. One extensive study that has been 
under way for several years is the specific 
gravity or density survey of the forest 
resources, involving the important com- 
mercial species. This is a 10-yr project 
sponsored by the Forest Service and 
industry. It involves extensive tree 
sampling by the increment core method 
on a Statistical basis and has as its 
object the evaluation of tree quality and 
species characteristics as influenced by 
environmental conditions and genetics. 
Substantial data have already been 
obtained on the southern yellow pines 
and work is being extended to cover 
western species. The results are of par- 
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ticular interest to Subcommittee I on 
Specifications for Timber. 

Another study under way by industry 
involves the mill sampling and testing 
of Douglas fir from a large number of 
operations within the range of commer- 
cial production, particularly the inland 
regions. Results are expected during the 
coming year that will be of particular in- 
terest to Committee D-7 in its review 
and revision of present standards involv- 
ing basic stresses for different species. 
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New TENTATIVES 


The committee recommends for pub- 
lication as tentative the following pro- 
posed specifications and method as 
appended hereto:! 


Tentative Specifications for: 


Petroleum for Blending with Creosote, and 
Creosote - Petroleum Solution. 


Tentative Method of Test for: 


Moisture and Creosote-Type Preservative in 
Wood. 


REVISION OF TENTATIVE 


The committee recommends revisions 
as follows of the Tentative Specifications 
for Pressure Treatment of Timber 
Products (D1760-60T)? and con- 
tinuation of the specifications as tenta- 
tive. 

Section 4(d).—Change Paragraphs (1) 
and (2) to read as follows: 


(1) For empty-cell treatment the material 
shall be subjected to atmospheric (Lowry 
process) or to higher air pressures (Rueping 
process) of the necessary intensity and duration. 
For full-cell treatment, the material shall be 
subjected to a vacuum of not less than 22 in. 
at sea level for not less than 30 min either before 
the cylinder is filled or during the period of 
heating in preservative. These initial conditions 
shall be applied prior to filling and shall be 
maintained while the cylinder is being filled 
with preservative. 


1 The new tentatives appear in the 1961 Book 
of ASTM Standards, Part 6. 

2 1960 Supplement to Book of ASTM Stand- 
ards, Part 6. 
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(2) When refusal treatment is specified, 
material shall be treated by the full-cell process; 
the pressure and temperature during the pres- 
sure period shall be maintained constant or 
increased within a range consistent with good 
practice for the material being treated until the 
quantity of preservative absorbed is not more 
than the following percentages of the amount 
already injected: for Douglas fir and oak, 
2 per cent in each of any two consecutive half 
hours; for all other species, } per cent in any 
half hour. 


Section 5(a)(3).—Add at end of para- 
graph the ASTM designation of the 
solvent referred to. 

In the last line, 
“heavy.” 

Section 6.—In the table, add the 
ASTM Designation D 1858 to identify 
the creosote-petroleum solutions. 

Section 7.—Change the word “speci- 
mens” to read “pieces,” in Paragraph 
(e). 

Add a new Paragraph (f) to read as 
follows: 


omit the word 


As an alternate method, preservative reten- 
tion in a specified zone of the treated product 
may be determined by extraction or analysis. 
Retentions determined by extraction or analysis 
and specified in subsequent standards shall be 
minimum retention and no tolerances shall 
apply. 


Table II.—Make additions as follows: 


Southern Pine 
Ponderosa Pine 
Results of treatment: 
Retention, min, lb per 
cu ft: 
Coastal 
General Use Waters 
Creosote and creosote 
solutions: 
Creosote 
By gage or scale 
weight..... 12 20 
By extraction. . . 18 
had Zone, in. from 
surface 0 to3 
Number of 
borings. .... 20 
ASTM ana- 
lytical 
Method.... D 1858 
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Table III.—Make additions as fol- 


lows: 


Southern Pine 
Results of treatment: ab 
Retention, min, lb per cu ft: wal teed 
Creosote and creosote solu- a 

tion: 
Cresote: 
By gage or scale 

8, 10, 12° 
o} 9 By extraction:......... 6, 7.5, 9° 
dipar Zone, in. from surface.| 44 to 2 

Number of borings...| 20 

we ASTM Analytical 


The retentions for creosote by gage or 
scale weight presently shown shall ap- 
ply for all other species. 

Change penetration requirement for 
lodgepole pine poles from “1.5 or 85” 
to “3 and 85 up to a maximum of 1.5.” 

Table IV.—Change retention for 
Black or Red Gum ties from “8” to “10” 
lb per cu ft for all preservatives pres- 
ently recommended. 

Table V.—Change retention for Jack 
Pine posts for creosote-petroleum solu- 
tion from ‘‘7” to “6” lb per cu ft. 


REVISION OF STANDARD 
AND REVERSION TO TENTATIVE 


The committee recommends revisions 
as indicated of the Standard Specifica- 
tion for Creosote-Coal Tar Solution 
(D 391-53)* and reversion of the 
specification to tentative. 

Table I.—Revise as shown 
accompanying Table I.‘ 


in the 


ADOPTION OF TENTATIVE AS STANDARD 
WitHout REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 


31958 Book of ASTM Standards, Part 6. 

*Table I is not included in this report but 
appears in the revised specification; see 1961 
Book of ASTM Standards, Part 6. presen 
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for adoption as standard without revi- 
sion: 


Tentative Specifications for: 


Acid Copper Chromate (D 1624-59 T),5 
Chromated Copper Arsenate (D 1625 - 59 T),° 
and 


Chromated Zinc Arsenate (D 1626 - 59 T).° 


Tentative Methods for: 

Chemical Analysis of Acid Copper Chromate 
(D 1627 - 59 T),® 

Chemical Analysis of Chromated Copper 
Arsenate (D 1628 - 59 T),® 

Chemical Analysis of Chromated Zinc Arsenate 
(D 1629 - 59 T),® and 

Testing Wood Preservatives by Laboratory 
Soil-Block Cultures (D 1413 - 56 T).* 


WITHDRAWAL OF STANDARDS 


The committee recommends the with- 
drawal of the following standards because 
zinc chloride is no longer of significant 
commercial importance in the wood- 
preserving industry: 

Standard Methods of Chemical Analysis of Zinc 

Chloride (D 199 - 50),? and 
Standard Specifications for Zinc 

(D 432 - 50 


REAPPROVAL OF STANDARDS 


Chloride 


The committee recommends the reap- 
proval of the following standards which 
have stood for six or more years without 


revision: 
ore) 
Standard Specifications for: and 


Creosote (D 390 - 53), and Me 
Chromated Zinc Chloride (D 1032 - 50 


Standard Methods of: "7 

Sampling and Testing Creosote (D 38 - 33), 

Volume and Specific Gravity Correction Tables 
for Creosote and Coal Tar (D 347 - 33), 

Test for Benzene-Insoluble Matter in Creosote 
(D 367 - 49), 

Test for Specific Gravity of Creosote (D 
368 33), 

Test for Specific Gravity, 38/15.5 C, of Creosote 
Fractions (D 369 — 33), 

Chemical Analysis of Chromated Zinc Chloride 
(D 1033 - 50), 


5 1959 Supplement to Book of ASTM Stand- 
ards, Part 6. 
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Chemical Analysis of Tanalith (D 1035 - 50), 

Testing Small Clear Specimens of Timber 
(D 143 - 52), 

Static Tests of Timbers in Structural Sizes 
(D 198 - 27), 

Test for Tar Acids in Creosote and Creosote- 
Coal Tar Solutions (D 453 - 41), and 

Testing Veneer, Plywood, and Other Glued 
Veneer Constructions (D 805 - 52). 


Standard Definitions of Terms Relating to: 

Timber Preservatives (D 324 - 41); 

Veneer and Plywood (D 1038 — 52), 

Timber (D 9-30), and 

Domestic Hardwoods and Softwoods (D 1165 - 
52). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 


Tentative Specifications for: 

Wooden Paving Blocks for Exposed Platforms, 
Pavements, Driveways, and Interior Floors 
Exposed to Wet and Dry Conditions (D 52 - 
59 T). 


Tentative Methods of: 


Establishing Structural 
(D 245 - 57 T), and 
Conducting Machining Tests of Wood and 

Wood-Base Materials (D 1666-59 T). 


Grades of Lumber 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting. 


ACTIVITIES OF SUBCOMMITTEES 
S 


ubcommitice I on Specifications for 
Timber (L. W. Wood, chairman).—The 
principal activity of the subcommittee 
during the year has been that of the Task 
Group on Basic Stresses. The group, 
consisting of R. R. Cahal, R. E. Eby, 
L. J. Markwardt, W. A. Oliver, and 
L. W. Wood, has held three meetings of 
two to three days each and has given 


® The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


much thought and discussion to the 
revision of basic stresses in Method 
D 245. The group has available a great 
body of data from the Forest Products 
Laboratories of the United States and 
Canada and is expecting additional in- 
formation from the Western Pine Associ- 
ation and the U. S. Forest Service. 
Virtual agreement has been reached on 
the general reduction factors to be used 
to convert species average values to 
basic stresses. Natural marketing groups 
of species are recognized. Although a 
number of specific values of basic 
stresses have been considered and dis- 
cussed, the Task Group is not yet ready 
to present these values to Subcommittee 
I. Because of the importance of this 
assignment and the urgency of com- 
pleting it as rapidly as possible, while 
at the same time giving full consideration 
to all data bearing on the recommenda- 
tions, the following statement was 
agreed upon: 

The Task Group has had at its disposal the 
extensive accumulated data from the Forest 
Products Laboratories of the United States and 
Canada, and from industry and other sources, 
and further welcomes the presentation of addi- 
tional data as they become available for use in 
the revision of ASTM Method D 245. 

In reviewing its assignment, it recognizes 
that all ASTM standards are subject to con- 
tinual review and revision, and that any draft 
recommendations to be made, whether forth- 
coming in 2 years or in 10 years, would need to 
be reviewed periodically under ASTM procedure. 

Considering the importance of completing the 
assignment on basic stresses, and with this con- 
cept in mind, the Task Group is anticipating the 
opportunity of reviewing forthcoming data 
from current mill sampling tests and from the 
Forest Service-industry specific gravity survey 
before completing its initial draft recommenda- 
tions within about 1 or 2 years, as a target date. 


A detailed proposal was received for 
recommended practice in establishing 
working stresses for load-sharing mem- 
bers such as joists and rafters. The pro- 
posal calls for determining working 
stresses by applying suitable reduction 
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factors to strength values obtained by 
surveys in any grade of lumber to arrive 
at working stresses without the use of 
basic stresses or strength ratios. 1t was 
discussed in subcommittee at a meeting 
on Jan. 19 and was referred to a Task 
Group for study, with the subcommittee 
chairman authorized to submit the 
recommendation of the Task Group to 
the subcommittee at his discretion. 

Subcommitiee V on Methods of Preserva- 
tive Treatment of Timber (C. W. Best, 
chairman).—Last year the subcommittee 
developed a new Tentative Specification 
for Pressure Treatment of Timber 
Products (D 1760-T). Further review 
of the tentative during the year resulted 
in the recommendation of some editorial 
changes to clarify certain sections and 
some revisions. Details of these changes 
and the action recommended are pre- 
sented earlier in this report. 

Subcommittee VI on Timber Preserva- 
lives (D. L. Davies, chairman).—The 
subcommittee has developed and ap- 
proved three new tentatives appended 
to this report: (1) Specification for 
Petroleum for Blending with Creosote, 
(2) Specification for Creosote-Petroleum 
Solution, and (3) Method of Test for Mois- 
ture and Creosote-Type Preservative in 
Wood. Included also in the recommenda- 
tions is a revision of Specification D 391 
with reversion to tentative status. The re- 
vision consists in a change in Table I. 
Because zinc chloride is no longer of 
commercial importance as a wood pre- 
servative, the subcommittee is recom- 
mending the withdrawal of the two stand- 
ards (D 199 - 50 and D 432 - 50) 
relating to this product. 

Subcommittee VII on Wood Poles and 
Cross Arms (R. P. A. Johnson, chair- 
man).—The subcommittee reports the 
completion of the ASTM Wood Pole 
Research Program as noted earlier in 
this report. It is distributed to American 
Standards Association Committee 05 
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and will be useful to it in its considera- 
tion and revision of ‘American Standard 
Specifications and Dimensions of Wood 
Poles.” 

In a meeting on Jan. 19, the subcom- 
mittee recognized the existence of 
further problems within its scope of 
activity and intends to remain intact 
and to work on those problems. Among 
these are methods of test from cross 
arms and study of the testing and specifi- 
cation of wood poles for building fram- 
ing. Poles and crossarms are important 
uses of wood, and the subcommittee 
believes that they are worthy of con- 
tinuing attention by Committee D-7. 

Subcommitiee IX on Methods of Test- 
ing (Alan D. Freas, chairman).—The 
subcommittee discussed at considerable 
length a suggested procedure for obtain- 
ing samples for tests of small clear speci- 
mens. 

The subcommittee discussed the de- 
sirability of developing a set of defini- 
tions pertaining to mechanical fastenings 
for wood. It was generally agreed that 
such definitions would be desirable, but 
there was lack of agreement as to scope 
and detail. A task committee will be 
appointed to consider these questions 
and to develop one section of such a 
compilation for consideration by the 
subcommittee. 

In addition to the development of 
definitions for mechanical fastenings, it 
is planned that, during the next year, 
work will be undertaken on standards 
for methods of determining specific 
gravity of wood and for methods of 
simulated service testing for flooring of 
wood or wood-base materials. 

Subcommittee XI on Moisture Content 
of Timber (R. C. Rietz, chairman).—The 
subcommittee has reviewed and revised 
portions of the proposed wood moisture 
determination methods prepared by a 
Task Group. Two methods: the oven 
testing method, and electrical methods, 


were reviewed, and considerable progress 
made on the revisions of these writeups 
for inclusion in the proposed standard. 
The distillation and hygrometric 
methods portions of the standard will 
soon be available for inclusion and a 
critical review by the members of the 
subcommittee is expected to be com- 
pleted prior to next year’s meeting of 
Committee D-7. 

Subcommitiee XII on Fire-Retardant 
Wood (H. O. Fleischer, chairman).—The 
subcommittee met at the Forest Products 
Laboratory on the afternoon of January 
19, 1961, with approximately 25 in 
attendance. A film was presented on 
recent wood and steel roof framing tests, 
conducted at Southwest Research Labo- 
ratories in San Antonio, Tex. under the 
sponsorship of the National Lumber 
Manufacturers Association. Another film 
was presented on the St. Lawrence 
Seaway burn-out tests conducted by the 
Division of Building Research, National 
Research Council of Canada. 

The subcommittee discussed the indus- 
try’s need for a fire test method for 
assemblies and constructions that would 
combine measurement of flame spread, 
fuel contributed, and structural per- 
formance. The importance of joints and 
fastenings was brought out in the dis- 
cussion, and it was felt that a test as 
proposed might be particularly useful in 
this respect. A Task Group was ap- 
pointed to explore the need for such a 
new test, to assemble further information 
on the subject, and to report to the sub- 
committee at its next meeting. 

The subcommittee also discussed the 
difficulties encountered in the use of 
Method E 119, which limits the use of 
wood in applications where a 250F 
temperature rise occurs on the unexposed 
side of a wall or barrier. It was agreed 
that there is need for a review of the 
applicable data on the fire performance 
of wood in structures, and that new data 
will no doubt need to be developed, 
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before the question should be brought to 
the attention of Committee E-5 on Fire 
Tests of Materials and Constructions. 

Subcommitiee XIII on Durability and 
Exposure (R. M. Lindgren, chairman).— 
A draft of an accelerated laboratory 
method of evaluating natural decay in 
wood was presented to the subcommittee. 
The Task Force having this assignment 
will refine this method during the coming 
year and present a revised draft for re- 
view at its next meeting. 

Plans were made for the preparation 
of two additional methods: field evalua- 
tion of preservatives in posts; and 
accelerated methods of evaluating wood 
preservatives against marine borers. 
Work on these will continue during the 
year. 

Subcommitiee XV on Wood Base Fiber 
and Particle Panel Materials (Wayne C. 
Lewis, chairman).—Active interest con- 
tinues in the work of Subcommittee XV 
and several important problems are 
under consideration by a number of 
Task Groups. One Task Group has 
under consideration the needs for specifi- 
cations for particle board. Another active 
Task Force is that on structural insulat- 
ing roof deck. The work of this group has 
required liaison between Subcommittee 
XV and Committee C-16 on Thermal 
Insulating Materials. It has been under- 
stood in this connection that the develop- 
ment of any specific procedures relating 
to strength properties should be within 
the province of Committee D-7 and that 
Subcommittee II of C-16 will otherwise 
continue its activity developments. Other 
Task Groups cover subject matter as 
follows: (1) the development for a specifi- 
cation for hardboard, (2) the develop- 
ment of test procedures for underlay- 
ment, (3) the development of specifica- 
tions for high-density board for specific 
building applications, and (4) revisions 
of Methods D 1037. In Method D 1037, 
particular consideration is given to the 
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revision of the procedure for measuring 
linear expansion to a compression- 
parallel-to-surface test procedure and to 
a compression-perpendicular-to-surface 
test. Another Task Group has under 
study the possible need of revisions of 
Definitions D 1554. 


This report has been submitted to 
letter ballot of the committee, which 
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consists of 104 members; 86 members 
returned their ballots, of whom 81 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
J. MARKWARDT, 
Chairman. 
W.A.OtIveR, 
Secretary. 
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REPORT OF COMMITTEE D-8 2a 
ON 
BITUMINOUS MATERIALS FOR ROOFING, WATERPROOFING, AND 
RELATED BUILDING OR INDUSTRIAL USES* 


Committee D-8 on Bituminous Ma- 
terials for Roofing, Waterproofing, and 
Related Building or Industrial Uses held 
two meetings during the year: in Atlantic 
City, N. J., on June 29, 1960, and in 
Cincinnati, Ohio, on Feb. 3, 1961. 

The membership consists of 88 voting 
members, of whom 48 are classified as 
producers, 22 as consumers, and 18 as 
general interest members. 

The committee suffered loss through 
the death of Carl Bussow, and T. I. Coe, 
and through the resignation of J. G. 
Hayes, J. E. Boarini, H. A. Pasman, J. 
Weisberg, A. B. Brown, R. B. Dull, D. 
F. Fink, A. J. Hoiberg, E. M. Johnson, 
and A. D. MacNutt. 


New TENTATIVES 


The committee recommends for publi- 
cation as tentative the following specifi- 
cations and methods as appended hereto:! 


Tentative Specifications for: 


Homogeneous Bituminized Fiber Drain and 
Sewer Pipe, 

Laminated-Wall Bituminized Fibre Drain and 
Sewer Pipe, and 

Mineral Aggregate for Use on Built-Up Roofs. 


Tentative Method of Test for: 


Moisture in Mineral Aggregate for Use on Built- 
Up Roofs, 

Hardness of Mineral Aggregate for Use on Built- 
Up Roofs, and 

Translucency of Mineral Aggregate for Use on 
Built-Up Roofs. 


* Sixty-fourth Annual Meeting of the So- 
ciety, June 25-30, 1961. 
1 The new tentatives appear in the 1961 Book 


of ASTM Standards, Part 4. 
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REVISIONS OF TENTATIVE 


The committee recommends revisions 
as indicated of the following tentative 
and its continuation as tentative: 


Tentative Specifications for Woven 
Glass Fabrics Saturated with Bitumi- 
nous Substances for Use in Water- 
proofing (D 1668 — 59 T):? 


Title——Substitute the word “treated” 
for the word “saturated.” 

Section 2(a) and (b).—Change the 
beginning of the first sentence of both 
Paragraphs (a) and (6) to read: “For 
the plying cement employed in the 
construction .. .” 


TENTATIVE REVISIONS OF STANDARDS 


The committee recommends tentative 
revision as indicated of the following 
standards: 


Standard Specifications for Primer for 
Use with Asphalt in Dampproofing and 
Waterproofing (D 41 - 41): 


Section 2(a).—Change the Furol vis- 
cosity requirement from “25 to 150 sec” 
to read “25 to 75 sec.” 

Section 4.—Add a new Paragraph (e) 
to read as follows: “(e) Water.—Method 
of Test for Water in Petroleum Products 
and Other Bituminous Materials (ASTM 
Designation: D 95).” 


21959 Supplement to Book of ASTM 
Standards, Part 4. 


21958 Book of ASTM Standards, Part 4. 
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Standard Specifications for Asphalt 
Shingles Surfaced with Mineral Gran- 
ules (D 225 — 60):* 


Table I.—Add a new footnote to read: 
“Minimum weight of weatherside 
coating shall be increased to 23.5 lb 
when the shingles are embossed to pro- 
duce a textured or grained effect.” 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for imme- 
diate adoption the revision as appended 
hereto® of the Standard Method of Test 
for Steam Distillation of Bituminous 
Protective Coatings (D 255-28), and 
accordingly asks for the necessary nine- 
tenths affirmative vote at the Annual 
Meeting in order that the revisions may 
be referred to letter ballot of the Society. 


WITHDRAWAL OF STANDARD 


The committee recommends the with- 
drawal of the Standard Specifications 
for Sieve Analysis of Granular Mineral 
Surfacing for Asphalt Roofing and 
Shingles (D 1001 - 51). 


STANDARDS CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the fol- 
lowing standards under the joint jurisdic- 
tion of Committees D-4 and D-8: 


Standard Methods of Sampling Bituminous Ma- 
terials (D 140-55), and 

Standard Volume Correction Table for Tar and 
Coal Tar Pitch (D 633 — 44). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the 
following tentatives: 


41960 Supplement to Book of ASTM 
Standards, Part 4. 

5 The revised standard appears in the 1961 
Book of ASTM Standards, Part 4. : 
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Tentative Methods of: 

Testing Asphalt Roll Roofing, Cap Sheets, and 
Shingles (D 228 - 57 T), 

Testing Asphalt-Base Emulsions for Use as Pro- 
tective Coatings for Built-Up Roofs (D 1167 - 
58 T), and 

Test for Failure End Point in Accelerated and 
Outdoor Weathering of Bituminous Materials 
(D 1670-59 T). 


Tentative Recommended Practice for: ) 


Accelerated Weathering Test of Bituminous 
Materials (D 529-59 T). 


TENTATIVE REVISIONS CONTINUED 
WITHOUT REVISION 


The co\amittee recommends the con- 
tinuation without revision of the tenta- 
tive revisions as indicated of the 
following standards: 


Standard Methods. of Testing Emulsified As- 
phalts (D 244 - 60): tentative revision issued 
June, 1958. 

Standard Specifications for Asphalt-Saturated 
and Coated Asbestos Felts for Use in Con- 
structing Built-Up Roofs (D 655 - 47): tenta- 
tive revision issued June, 1957, and 1959. 


EDITORIAL CHANGES 


The committee recommends editorial 
changes as indicated in the following 
standards and tentative: 


Standard Specifications for Primer for 
Use with Asphalt in Dampproofing and 
Waterproofing (D 41 41):* 


Section 3(b).—In line 10, insert the 
word “to” after the word “prior.” 


Standard Method of Test for Staining 
Properties of Asphalts (Modified Pres- 
sure Method) (D 1328 - 58): 


Section 2(f).—Change to read as fol- 
lows: 


The grade of cigarette paper to be used shall 
be agreed upon by the asphalt consumer and 
the asphalt supplier. The paper used by different 
laboratories for comparative tests shall be ob- 
tained from the same source and shall be from 
the same lot.* 


Footnote 3.—Change to read: “Emil 
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Greiner, 2026 N. Moore St., New York 
13, N. Y., can supply quantities of Wash- 
ington No. 4 cigarette paper for this 
test.” 


Tentative Method for Preparation of 
Test Panels for Accelerated and Out- 
door Weathering of Bituminous 
Coatings (D 1669 - 59 T):? 


Section 2(a)(1).—Change the alumi- 
num alloy designation now reading 
“3S-H14” to read “No. 3003-H14.” 


The recommendations in this report 
have been submitted to letter ballot of 


the committee, the results of which will 
be reported at the Annual Meeting® 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 95 members; 85 returned their 
ballots, of whom 72 have voted affirma- 
tively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


H. R. SNOKE, 
Chairman. 
H. B. KEENE, 


Secretary. 


6 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


Subsequent to the Annual Meeting, Committee D-8 presented to the Society through 
the Administrative Committee on Standards the following recommendations: 


vt 
» Revision of Tentative Method of Test for: 


Sieve Analysis of Nongranular Mineral Surfacing for Asphalt Roofing and Shingles 


Revision and Reversion to Tentative of Standard Method of Test for: 
Sieve Analysis of Granular Mineral Surfacing for Asphalt Roofing and Shingles (D 451 - 


These recommendations were accepted by the Standards Committee on September 12, 
1961, and the revised tentative methods appear in the 1961 Book of ASTM Standards, 
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D-9 on Electrical Insu- 
lating Materials held three meetings 
during the year: in Atlantic City, N. J., 
June 27-29, 1960, during the Annual 
Meeting of the Society; in Detroit, 
Mich., Oct. 5-7, 1960; and in Louisville, 
Ky., March 6-8, 1961. 

At the time of the Louisville meeting, 
the total membership comprised 328, of 
whom 213 were classified as official 
voting representatives, made up of 93 
producers, 73 consumers, and 47 general 
interest members. 

No major organizational changes have 
been made during the year. The proposed 
formation of a new Subcommittee XVI 
on Thermal Endurance, previously an- 
nounced, has been abandoned. The pro- 
posal to form a new subcommittee on 
dielectric films was also cancelled, but 
this work is to be covered by a new Sec- 
tion G of Subcommittee VII. 

Committee D-9 has continued its 
cooperation with other groups concerned 
with electrical insulation, including the 
International Electrotechnical Commis- 
sion (IEC), the International Organiza- 
tion for Standardization (ISO), the 
American Institute of Electrical Engi- 
neers (AIEE), the Electronic Industries 
Assn. (EIA), and the National Electrical 
Manufacturers Assn. (NEMA). The 
committee has continued its participa- 
tion in the technical programs of the 
AIEE-NEMA Electrical Insulation Con- 
ference (formerly National Conference 


* Sixty-fourth Annual Meeting of the Soci- 
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on the Application of Electrical Insula- 
tion). In November, 1960, A. H. Scott, 
K. N. Mathes, and J. F. Dexter attended 
IEC/TC 15 meetings in New Delhi, 
India. 

The committee held a symposium at 
the meeting in October, 1960, on the 
subject of “Insulation Resistance—Its 
Meaning and Significance,” under the 
sponsorship of Subcommittees XI and 
XII. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1960 Annual 
Meeting, Committee D-9 presented to 
the Society through the Administrative 
Committee on Standards the following 
recommendations which were accepted 
on the dates indicated: 


New Tentative Methods of Test for: 


Electrical Resistance of Ceramic Materials at 
Elevated Temperatures (D 1829-61 T) (Ac- 
cepted May 10, 1961). 

Thermal Stability of Electrical Insulating Coated 
Fabrics by Curved Electrodes (Dielectric 
Breakdown Method) (D 1830-61 T) (Ac- 
cepted May 10, 1961). 

New Tentative Recommended Practice for: 


Etching and Cleaning Thermosetting Copper- 
Clad Laminates for Electrical Testing 
(D 1825-61 T) (Accepted May 10, 1961). 


Revisions of Tentative Methods of Sampling and 
Testing: 


Untreated Paper Used for Electrical Insulation 
(D 202 - 55 T) (Accepted Sept. 29, 1960, and 
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Revision of Tentative Methods of Testing: 


Vitrified Ceramic Materials for Electrical Appli- 
cations (D 116-59T) (Accepted Sept. 29, 
1960), 

Nonrigid Vinyl Chloride Polymer Tubing 
(D 876-60 T) (Accepted May 10, 1961), and 

Pressure-Sensitive Adhesive Coated Tapes 
Used for Electrical Insulation (D 1000 - 60 T) 
(Accepted May 10, 1961). 


Revision of Tentati 


Specifications for: 


Electrical Insulating Paper—Interlayer Type 
(D 1305-54T) (Accepted Sept. 29, 1960), 
and 

Natural Muscovite Mica Based on Visual 
Quality (D 351-57T) (Accepted Sept. 29, 
1960). 


Revision of Tentative Recommended Practice for: 


Exposure of Polymeric Materials to High Energy 
Radiation (D 1672 — 59 T) (Jointly with Com- 
mittee D-20) (Accepted May 10, 1961). 

The revisions of Tentative Methods 
D 116 and D 202 and the revisions of 
Tentative Specifications D 351 and D 
1305 which were accepted by the Ad- 
ministrative Committee on September 
29, 1960, appear in the 1960 Supplement 
to Book of ASTM Standards, Part 9. The 
other items are available as separate 
reprints. 

New TENTATIVES 

The committee recommends for publi- 
cation as tentative the following method 
and specification as appended hereto or 
otherwise indicated :! 


Tentative Method for: 


Corona Measurement, as published in Appendix 
IV in the 1957 edition of the compilation of 
“ASTM Standards on Electrical Insulating 
Materials,” and issued later as a separate re- 
print. 


Tentative Specifications for: 
Copper-Clad Thermosetting Laminates for 
Printed Wiring. 


1The new tentatives appear in the 1961 
Book of ASTM Standards, Part 11. > 
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REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Tentative Specifications for Vulcanized 
Fibre Sheets, Rods, and Tubes Used 
for Electrical Insulation (D 
710 — 54 T):? Revise as appended here- 
to! 


Tentative Methods of Testing Vitrified 
Ceramic Materials for Electrical Ap- 
plications (D 116 - 60 T):! 


Section 4.—Revise the second sentence 
to read: “It indicates quality and 
consistency of quality.” 

New Section 8—Add a new Section 8 
under Dielectric Strength entitled 
“Significance,” to read as follows, re- 
numbering the present Section 8 as 
Section 9: 


8. Dielectric strength of a ceramic is of im- 
portance in comparing different materials or 
controlling quality of different lots. The values 
obtained usually will have little relation to the 
dielectric strength realized in service. While 
mechanical requirements often dictate thickness 
of dielectrics far greater than needed to with- 
stand the electrical stress, dielectric strength 
data will serve as a guide in estimating the 
electrical safety factor. 


New Section 10.—Add a new Section 10 
under Thermal Shock entitled “‘Signifi- 
cance,” to read as follows, renumbering 
the present Section 9 as Section 11, and 
renumbering subsequent sections ac- 
cordingly: 

10. Thermal shock tests may serve as an 
evaluation of the resistance of a particular 
ceramic composition, shape, and dimension to 
temperature stress relative to another composi- 
tion of the same shape and dimension. They 
also permit the determination of the resistance 
of a given ceramic material to simulated en- 
vironmental heat service conditions, and they 
make possible the evaluation of shape or design 


21958 Book of ASTM Standards, Part 9. 

3The revised tentative appears in the 1961 
Book of ASTM Standards, Part 11. 

41959 Supplement to Book of ASTM Stand- 
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factors as they might affect normal thermal re- 
sistance. It is presupposed that test conditions 
are sufficiently extreme to cause structural fail- 
ures. 


REVISION OF STANDARD AND 
REVERSION TO TENTATIVE 


The committee recommends revisions 
as appended hereto’ of the Standard 
Method of Testing Sheet and Plate Ma- 
terials Used for Electrical Insulation 
(D 229-58)? and reversion of the 
Method to tentative. 


ADOPTION OF TENTATIVES AS STANDARD 
WITHOUT REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without revi- 
sion in substance: 


Tentative Specifications for: 


Orange Shellac and Other Indian Lacs for Elec- 
trical Insulation (D'784-59T), and 

Absorbent Laminating Paper for Electrical In- 
sulation (D 1080 - 58 T). 


Tentative Methods of: 


Test for High-Voltage, Low-Current Arc Re- 
sistance of Solid Electrical Insulating Ma- 
terials (D495 -58T), with editorial changes 
in Sections 2, 3, and 6, 

Testing Nonrigid Vinyl Chloride Polymer Tub- 
ing (D 876-60T), with editorial changes in 
Sections 19 and 20, 

Testing Pressure-Sensitive Adhesive Coated 
Tapes Used for Electrical Insulation (D 1000 - 
61T), 

Testing Hydrocarbon Waxes Used for Electrical 
Insulation (D 1168 -58T), 

Test for Dielectric Constant and Dissipation 
Factor of Polyethylene by Liquid Displace- 
ment Procedure (D 1531-59 T), 

Test for Dielectric Constant and Dissipation 
Factor of Expanded Cellular Plastics Used 
for Electrical Insulation (D 1673 - 59 T), and 

Testing Polymerizable Embedding Compounds 
Used for Electrical Insulation (D 1674 - 59 T). 


ADOPTION OF TENTATIVE REVISIONS 
AS STANDARD 


The committee recommends that the 


5 The revised method appears in the 1961 
Book of ASTM Standards, Part 11. 


tentative revisions as indicated of the 

following standards be approved for 

reference to letter ballot of the Society 
for adoption as standard: 

Standard Methods of Conditioning Plastics and 
Electrical Insulating Materials for Testing 
(D 618 - 58)? (Jointly with Committee D-20 
on Plastics): Sections 3, 4, 8, and new Section 

4, issued 1959. 

Standard Methods of Test for Electrical Re- 
sistance of Insulating Materials (D 257 —- 58) :* 
Sections 3, 4, and Appendix I, issued Novem- 
ber, 1959. 

Standard Methods of Test for Dielectric Break- 
down Voltage and Dielectric Strength of 
Electrical Insulating Materials at Commercial 
Power Frequencies (D 149-59):* Section 2 
and Appendix I, issued November, 1959. 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for imme- 
diate adoption revisions as indicated of 
the following standards, and accordingly 
asks for the necessary nine-tenths affirm- 
ative vote at the Annual Meeting in order 
that the revisions may be referred to 
letter ballot of the Society: 


Standard Methods of Testing Varnished 
Cotton Fabrics and Varnished Cotton 
Fabric Tapes Used for Electrical In- 
sulation (D 295 — 58):? 


New Section on Tearing Strength —Add 
the following new Sections 19 to 24 under 
the centered heading ‘“Tearing Strength,” 
renumbering the present Sections 19 to 
24 and subsequent sections accordingly.® 

Present Sections 37 to 43—Change the 
centered heading to read “Dielectric 
Breakdown Voltage Under Elongation,” 
and retain the present Note. Add Sec- 
tions 37 and 38 as follows.® 

Retain present Sections 39, 40, and 
41. Delete the Note at the end of Sec- 
tion 42. 

Change Section 43 to read as follows: 


®The new sections are not included in this 
report but appear in the revised methods; see 
1961 Book of ASTM Standards, Part 11. 
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“Report 


“43. The report shall include the fol- 
lowing: 

“(1) The average dielectric breakdown 
voltage in kilovolts on the elongated 
material, 

“(2) The percentage elongation during 
the test, 

“(3) The relative humidity and tem- 
perature during the conditioning period 
and at the time of test, and 

“(4) The specimen thickness in mils 
before and under elongation.” 


TABLE I.—DIELECTRIC BREAKDOWN 


REQUIREMENTS.* 
(Revision of Table I, Specifications D 922) 


Dielectric 
Wall Thickness, in, | Breakdown, en. 
and CG, kv Grade B, kv 
9.0 7.7 
12.5 9.4 
15.7 11.7 
17.1 12.6 
20.4 15.3 
21.5 16.2 
22.8 17.1 
2. 24.0 18.0 


“For a wall thickness not listed in this 
table, the dielectric breakdown value shall 
be that prescribed for the nearest smaller 
thickness. 


Standard Methods of Conditioning Plas- 
tics and Electrical Insulating Materials 
for Testing (D 618 — 58)? (Jointly with 
Committee D-20): 

Section 3(d)—Add the following test 
temperatures and tolerances to the list 
in this paragraph: 


Test Temperatures Tolerance, plus or minus 


225 C (487 F).......... 3.0C (5.4 F) 
275 C (527 F).......... 3.0C (5.4 F) 
325 C (617 F).......... 4.0C (7.2F) 
350 C (662 F).......... 5.0C (9.0 F) 
400 C (752 F)......... 6.0C (10.8 F) 
450 C (842 F).......... 8.0C (14.4 F) 
500 C (932 F).......... 10.0C (18.0 F) 
600 C (1112 F)......... 12.0 C (21.6 F) 


Standard Methods of Testing Varnished 
Glass Fabrics, and Varnished Glass 
Fabric Tapes Used for Electrical In- 
sulation (D 902 — 56):? 


Title—Change to read, “Standard 
Methods of Testing Flexible Resin 
Coated Glass Fabrics and Glass Fabric 
Tapes Used for Electrical Insulation.” 

Revise the text editorially changing 
“varnished glass fabrics” to read “resin 
coated glass fabrics” and changing “‘oleo- 
resinous varnish glass fabric” to read 
“oleoresinous varnished coated glass 
fabrics.” 


Section 40(a).—Change to read as 
follows: 


(a) With half the test specimens in position, 
the specimen-holding fixtures shall be placed in 
the oven which has been previously brought to 
the required baking temperature. For silicone 
resin coated fabrics intended for use in AIEE 
Class H applications the temperature shall be 
250 + 3 C (482 + 5.4 F), or as otherwise agreed 
upon by the purchaser and the supplier; for 
resin coated fabrics intended for use in AIEE 
Class F applications the temperature shall be 
180 + 3C (356 + 5.4 F). 

Nore.—Thermal stability of these fabrics 
may be determined by the Methods of Test for 
Thermal Stability of Electrical Insulating Coated 


Fabrics by Curved Electrodes (Dielectric 
Breakdown Method) (ASTM Designation: 
D 1830). 


Standard Specifications for Nonrigid 
Vinyl Plastic Tubing (D 922 —59):? 


Section 4.—In the first sentence, delete 
the phrase “except sizes Nos. 24 and 22.” 

Revise Paragraphs (#) and (i) to read 
as follows and revise Table I as shown in 
the accompanying Table I: 


(hk) Dielectric Breakdown.—The average di- 
electric breakdown shall not be less than that 
prescribed for the corresponding wall thickness 
in Table I. 

(i) Dielectric Breakdown at High Humidity.— 
The average dielectric breakdown strength at 96 
per cent relative humidity shall not be less than 
90 per cent for Grade A and 85 per cent for 
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Grades B and C of the dry value obtained on 
test. 


STANDARDS CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the 
following standards: 


Standard Methods of: 

Testing Varnishes Used for Electrical Insula- 
tion (D 115-55), 

Testing Solid Filling and Treating Compounds 
Used for Electrical Insulation (D 176-59), 
Test for Conducting Paths in Electrical Slate 

(D 273 — 40), 

Testing Shellac Used for Electrical Insulation 
(D 411-52), 

Measuring Shrinkage from Mold Dimensions of 
Molded Materials Used for Electrical Insula- 
tion (D 551-41), 

Test for Product Uniformity of Phenolic Lami- 
nated Sheets (D 634-44), 

Test for Tensile Strength of Molded Electrical 
Insulating Materials (D 651-48), 

Measuring Dimensions of Rigid Tubes Used for 
Electrical Insulation (D 668 - 52), and 

Measuring Dimensions of Rigid Rods Used for 
Electrical Insulation (D 741 — 52), 

Test for Power Factor and Dielectric Constant 
of Natural Mica (D 1082 — 54). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee has reviewed all other 
tentatives under its jurisdiction that 
have been published for two years or 
longer without revision and recommends 
their continuation without revision. 


EDITORIAL CHANGE 


The committee recommends editorial 
change as follows in the Tentative 
Methods of Testing Hydrocarbon Waxes 
Used for Electrical Insulation (D 1168 - 
58 T):? 

Section 2.—In Table I and Paragraph 
(a), change the reference to color method 
from Method D 155 which has been dis- 
continued to Method D 1500. 

7 The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Insulating Var- 
nishes, Paints, and Lacquers (W. E. 
Harvey, chairman) has developed a pro- 
posed method of test for the evaluation 
of thermal stability of flexible electrical 
insulating varnishes, and is working on a 
modification of the test for set time of 
phenol-formaldehyde varnishes. The sub- 
committee is also determining interest in 
work on “fluidized bed” coatings. 

Subcommittee II on Effects of Nuclear 
and High Energy Radiation (D. J. Metz, 
chairman).—This joint D-9/D-20 sub- 
committee was responsible for the revi- 
sion of Recommended Practice D 1672 
noted earlier in this report as one of the 
recommendations accepted by the Ad- 
ministrative Committee on Standards. 
The subcommittee has continued its 
efforts to promote close coordination of 
its activities with those of other groups. 

Subcommittee III on Plates, Tubes, 
Rods, and Molded Materials (Kenneth 
Wechsler, chairman) has completed a 
revision of the Specifications D 709 which 
has been approved by D-9 letter ballot 
but awaits Committee D-20 action for 
final approval. The subcommittee has 
developed the specifications for copper- 
clad laminates and the recommended 
practice for etching and cleaning these 
materials for electrical testing; and has 
revised Specifications D 710 and Method 
D 229. 

Subcommittee V on Ceramic Products 
(W. W. Perkins, chairman) developed 
the Tentative Method of Test for Electri- 
cal Resistance of Ceramics at High 
Temperatures, which has been accepted 
by the Administrative Committee on 
Standards. The subcommittee has under 
consideration further additions to the 
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Methods D 116. The methods of test 
and specifications for pin-type lime-glass 
insulators are being studied. Investiga- 
tions into dielectric strength and dielec- 
tric constant and dissipation factor in 
high and low frequency ranges are under 
way. A study of electrodes for d-c 
resistance and a-c dielectric property 
testing is to be conducted. 

Subcommittee VI on Solid Filling, 
Treating, Encapsulating, and Embedding 
Compounds (Thomas Hazen, chair- 
man).—The section on polymerizable 
embedding compounds has conducted a 
limited interlaboratory test on the use of 
embedded _ electrodes for dielectric 
strength testing. Work has also con- 
tinued on the preparation of test methods 
for dielectric constant and dissipation 
factor of polymerizable embedding 
materials. : 

Subcommittee VII on Flexible Sheet, 
Tape, and Tubing (F. P. West, chairman) 
is working on test methods for self- 
fusing tapes, silicone rubber tubing, heat 
shrinkable tubing, zipper tubing, and 
polymeric film; and on a specification 
for polytetrafluoroethylene tubing. In 
connection with thermal stability testing 
of Class F coated fabrics, recommended 
changes in Specific..tons for Gravity- 
Convection and Forced-Ventilation Lab- 
oratory Ovens (E 145) with respect to 
Type II, Grade B, ovens have been 
agreed upon and a number of ovens will 
be checked against the revised specifica- 
tions. A revision of Methods D 902 and 
D 350, Specifications D 372, and a new 
specification for fully-cured silicone rub- 
ber coated glass cloth and tape have 
been prepared for Committee D-9 ballot. 
Specifications for black and yellow 
straight-cut and bias-cut varnished cloth 
and tape have been revised and sub- 
mitted to subcommittee letter ballot. 

Subcommittee VIII on Insulating 
Papers (P. L. Staats, chairman) was 
responsible for the revision of Methods 


D 202 which has been accepted by the 
Administrative Committee on Stand- 
ards. A further revision of Method 
D 202, relating to the methods of deter- 
mination of acidity-alkalinity-pH of un- 
treated electrical insulating papers has 
been prepared and submitted to Com- 
mittee D-9 letter ballot. The subcommit- 
tee has also developed a_ proposed 
specification for kraft dielectric tissue, 
capacitor grade, and has submitted it to 
committee letter ballot. Activities are 
continuing on methods for chloride 
determination, conductivity, holes, felt- 
hair cuts, and tests for impregnated 
paper specimens. 

Subcommittee IX on Mica Products (K. 
G. Coutlee, chairman) was responsible 
for the revision of Specifications D 351 
which was accepted by the Standards 
Committee. An important contribution 
by the subcommittee has been made by 
undertaking the preparation of mica 
standards for the Indian Standards 
Institution. Some work is being con- 
sidered leading to the eventual prepara- 
tion of ASTM specifications for mica 
splittings. 

Subcommittee X on Magnet Wire Insu- 
lation (K. N. Mathes, chairman) has 
made considerable progress on test 
methods for film-coated wire and on a 
thermal aging specification. The sub- 
committee held a special meeting in New 
York City on Feb. 17, 1961, to expedite 
its work. 

Subcommittee XI on Nomenclature, 
Significance, and Statistics (C. L. Craig, 
chairman) has continued to function as a 
review board for all new and revised 
methods and specifications to ensure con- 
formity with correct ASTM usage. Con- 
siderable effort is being expended in con- 
nection with the standardization of 
definitions of electrical terms. A proposed 
tentative recommended practice for in- 
terlaboratory testing of electrical insu- 
lating materials has been prepared and 


t 
j 
i 
e 


On ELEcTRICAL INSULATING MATERIALS 


submitted to D-9 letter ballot. The sub- 
committee is also working on a new rec- 
ommended practice for sampling of elec- 
trical insulating materials. In cooperation 
with Subcommittee XII, the subcommit- 
tee assisted in the symposium on insula- 
tion resistance at the Detroit meeting in 
October, 1960. 

Subcommittee XII on Electrical Tests 
(N. W. Edgerton, chairman) is com- 
pletely revising the Methods of Test for 
A-C Capacitance, Dielectric Constant, 
and Loss Characteristics of Electrical 
Insulating Materials (D 150). Methods 
for corona resistance, medium power arc 
resistance, and electrostatic phenomena 
are in preparation. The subcommittee 
is planning an ASTM session on insu- 
lation resistance at the next Electrical 
Insulation Conference. 

Subcommittee XIII on Composite 
Insulating Materials (L. J. Timm, chair- 
man).—This relatively new subcom- 
mittee has reported that work is in 
progress preparatory to the writing of 
test methods for slot-cell insulation. 

Subcommittee XIV on Conditioning (G. 
M. Armstrong, chairman) recommended 
the adoption of the 1959 tentative revi- 
sions of Methods D 618, and also that 
higher test temperatures be added to the 
list of recommended standard test tem- 
peratures in Methods D 618. At the 
Louisville meeting, Subcommittee XIV 
recommended that Committee D-9 pro- 
pose to Sectional Committee C59 of the 
American Standards Assn. the recom- 


New Tentative Specifications for: 


(D 1931 - 61 T). 
New Tentative Methods of Test for: 


Thermal Endurance of Flexible Electrical Insulating Varnishes (D 1932 - 61 T). 


519 


mendation that the Specification for 
Enclosures and Servicing Units for Tests 
Above and Below Room Temperature (D 
1197) be adopted as American Standard. 
The work of Subcommittee XIV is a 
joint activity with Committee D-20 on 
Plastics. 

Subcommittee XV on Research and 
Technical Papers (H. S. Endicott, chair- 
man) has continued to keep the 
committee informed about the joint 
NEMA-EIA-ASTM research project on 
insulation resistance testing of printed 
circuit boards at the University of Dela- 
ware through the distribution of progress 
reports. The chairman has reported that 
Committee D-9 has been asked and has 
agreed to conduct a technical session on 
insulation resistance at the 1962 Electri- 
cal Insulation Conference. Papers on 
instrumentation, interpretation and sig- 
nificance, and systems have been pro- 
posed. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 213 members; 192 members 
returned their ballots, of whom 142 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
ARNOLD H. Scort, 
Chairman. 
THOMAS HAZEN, 


Recording Secretary. 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee D-9 presented to the Society through _ 
the Administrative Committee on Standards the following recommendations: 


Kraft Dielectric Tissue, Capacitor Grade (D 1930-61 T), and 
Fully Cured Silicone Rubber Coated Glass Fabric and Tapes for Electrical Insulation i. 
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shat ision of Tentative Specifications for: 
ai lexible Treated Sleeving Used for Electrical Insulation (D 372 - 53 T). 


it} _ Revision of Tentative Methods of: 


__ Testing Vitrified Ceramic Materials for Electrical Applications (D 116-60 T), 
Sampling and Testing Untreated Paper Used for Electrical Insulation (D 202-60), 


and 


Testing Flexible Treated Sleeving Used for Electrical Insulation (D 350 - 57 T). 
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Committee D-10 on Packaging held 
one meeting during the year: at Fort 
Belvoir, Va., on Oct. 5, 1960. The sub- 
committees also met in Chicago, IIl., on 
April 10, 11, and 12, 1960. 

The committee consists of 99 voting 
members, of whom 34 are classified as 
producers, 37 as consumers, and 28 as 
general interest members. 

At the meeting of the ASTM Board 
of Directors held on January 11, 1961, 
the title of the committee was changed 
from “Shipping Containers” to ‘“Pack- 
aging.” An additional statement to the 
scope was requested and accepted by the 
Board of Directors. The complete scope 
now reads as follows: 


Scope-—Nomenclature, definitions of 
terms, test methods, performance specifica- 
tions, and study of the effect of various fac- 
tors influencing strength and serviceability 
relating to packaging, including packages, 
shipping containers, and pallets. 

The responsibility for the development of 
standards for the basic materials used in 
packaging shall in general rest with the 
materials committees. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of all tenta- 
tives under its jurisdiction with the 
exception of Method D 775 — 57 T which 
is being recommended for adoption as 
standard. 


* Sixty-fourth Annual Meeting of the So- 
ciety, June 25-30, 1961. 
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ADOPTION OF TENTATIVE AS STANDARD 
WITHOUT REVISION 


The committee recommends that the 
Tentative Method of Drop Test for 
Shipping Containers (D 775-57 T)! be 
approved for reference to letter ballot 
of the Society for adoption as standard 


without revision. a 


The committee recommends the re- 
approval of the following standards that 
have stood without revision for six or 
more years: 


REAPPROVAL OF STANDARDS 


Standard Methods of: 


Compression Test 
(D 642 - 47), 

Incline Impact Test for Shipping Containers 
(D 880 - 50), 

Test for Water Vapor Permeability of Packages 
(D 895 - 51), 

Test for Water Resistance of Containers by 
Spray Method (D 951 - 51), 

Drop Test for Bags (D 959 - 50), 

Drop Test for Cylindrical Shipping Containers 
(D 997 50), 

Test for Penetration of Liquids into Submerged 
Containers (D 998-51), and 

Testing Large Shipping Cases and Crates 
(D 1083 — 53). 


for Shipping Containers 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.? 

11958 Book of ASTM Standards, Part 6. 

2 The letter ballot vote on these reeommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Definition of Terms 
(C. S. Macnair, chairman) will continue 
the addition of new terms to Definitions 
D 996, as well as the revision and up- 
dating of existing definitions. 

Subcommittee II on Methods A ppraisal 

_ (C. R. Gustafson, chairman) is consider- 
ing a number of new areas of activity for 
Committee D-10. These include the 
possibility of developing test methods 
in the fields of inflatable dunnage, car- 

; load testing, non-skid applications, ther- 
mal properties of containers, aerosol 
cans, and shelf packages. In addition, 
present methods not under the jurisdic- 
tion of existing active subcommittees will 
be reviewed by Subcommittee II for 
possible study and revision. 

g Subcommitiee III on Moisture and 
_ Water Vapor Resistance (H. A. Berg- 
strom, chairman) is conducting inter- 
laboratory studies on the Method of Test 
for Water Vapor Permeability of Pack- 
ages (D 895) to determine the accuracy 
and reproducibility of the method with 
the intention of revising it where nec- 
essary to effect improvement. 

Subcommitiee V on Revolving Drum 
Test (M. J. Clark, chairman) is conduct- 
ing an interlaboratory test to determine 
the ability of revised Method D 782 to 
rank boxes of different grades in the 
same relative order. It is expected that 

this work will complete the study of this 
method. 

Subcommittee VI on Interior Packing 
(C. E. Swanson, chairman) is rapidly 
progressing in the development of a creep 
test under the direction of T. J. Gra- 
bowski, and is investigating the possi- 
bility of developing a procedure for a 
dynamic vibration test. Work is actively 
continuing on the study of compatibility 
of cushioning materials. The Instrumen- 
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tation Task Group, under the direction 
of A. H. McKinlay, continues to serve 
Subcommittee VI in proposals requiring 
instrumental measurements as part of 
test method development. 

Subcommitiee VII on Stacking Test 
(K. R. Marvin, chairman) is continuing 
the development of a method of test for 
compression under static load. 

Subcommittee VIII on Vibration Test 
(A. M. Bak, chairman) is continuing the 
refinement of Method D 999 with em- 
phasis on methods of reporting fre- 
quency, calibration, and response to 
external force of items within the pack- 
age. 

Subcommitiee IX on Incline Impact 
Test (R. N. Maxson, chairman) has 
tabulated various factors requiring spe- 
cial study in the operation of the incline 
impact tester, and has appointed task 
groups io cover several of these areas. 
Steps will be taken to revise Method 
D 880 and revert it to tentative status 
with an explanatory note defining the 
limitations of the existing test method. 

Subcommittee X on Exterior Packaging 
(H. W. Maas, chairman) is developing 
test methods for packaging tapes under 
the direction of C. E. Twitchell. Other 
areas of exterior packaging requiring 
development are under study, but have 
not yet been assigned to working groups. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 99 members; 94 members re- 
turned their ballots, of whom 90 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
K. W. KrvuceEr, 
Chairman. 
R. F. UNCLEs, 
Secretary. 
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RUBBER AND RUBBER-LIKE MATERIALS* 


Committee D-11 on Rubber and Rub- 
ber-Like Materials and its subcommittees 
met twice during the year: in Atlantic 
City, N. J., on June 29 to July 1, 1960, 
and in Cincinnati, Ohio, on February 1 
to 3, 1961. 

Five technical papers were presented 
at the Atlantic City meeting as follows: 
“Good and Bad Effects of Nuclear Radi- 
ation on Rubber,’”? by John W. Born of 
the B. F. Goodrich Research Center; 
“The Factor of Ozone Generation in 
Tests of Radiation Damage to Elasto- 
mers,” by L. B. Bang, Goodyear Tire and 
Rubber Co., Research Division; “Dy- 
namic Testing of Rubber Products Using 
a Sinusoidal Strain Machine,” by A. R. 
Payne of the British Rubber Manu- 
facturers Research Assn.; “The Tearing 
of Rubber,” by A. G. Veith of the B. F. 
Goodrich Research Center; and “High- 
Temperature Immersion Testing of 
Elastomers,” by C. T. Lenk, Wyandotte 
Chemical Co. 

At the February meeting, John Mandel 
of the National Bureau of Standards 
presented a paper on “Interlaboratory 
Studies of Test Methods.” 

Considerable progress was made during 
the year on definitions for the terms 
“rubber,” “rubber products,” and “elas- 
tomer.” A joint task group including 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 
1 Materials Research & Standards, Vol. 1, 
No. 4, vom. 1961, p. 280. 


members from both Committees D-11 
and D-20, with R. E. Hess as chairman, 
met in Atlantic City on June 29, 1960, to 
review the definitions proposed by Com- 
mittee D-11 which were then referred 
back to Subcommittee VIII on Nomen- 
clature and Definitions with suggested 
revisions. The revised definitions were 
referred to the Society and the Adminis- 
trative Committee on Standards ac- 
cepted the definitions for the terms 
“rubber” and “rubber products” for pub- 
lication in the Tentative Definitions 
D 1566-60 T. The definitions for the 
term, “rubber-like” was referred back to 
Committee D-11 for further consider- 
ation. The joint task group met again in 
New York City on December 8, 1960, 
and recommended further revision of the 
term “rubber” and also recommended a 
definition of the term “elastomer.” These 
were considered by Subcommittee VIII 
and Committee D-11 at their meetings in 
February, 1961. These definitions have 
again been submitted to letter ballot of 
Committee D-11. 

The title of Subcommittee XXII has 
been changed from “Cellular Rubber” to 
“Flexible Cellular Materials.” 

Subcommittee XIV on Abrasion Tests 
for Rubber Products and Subcommittee 
XVII on Hardness, Set, and Creep have 
been discharged and the work on these 
subjects assigned to Subcommittee X on 
Physical of Products. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1960 Annual Meet- 
ing, Committee D-11 presented to the 
Society through the Administrative 
Committee on Standards, the following 
recommendations which were accepted 
on the dates indicated: 


New Tentative Method of Test for: 


Specific Gravity of Rubber Chemicals (D 1817 - 
61 T) (Accepted March 29, 1961). 


Revision of Tentative Method of: 

Tension Testing of Vulcanized Rubber (D 412 
— 51 T) (Accepted March 1, 1961). 

Revision of Tentative Methods for Chemical Analy- 
sis of: 

Natural Rubber (D 1278-58T) (Accepted 
March 1, 1961). 


Synthetic Elastomers (Solid Styrene-Butadiene 


Copolymers) (D 1416-58T) (Accepted 
Dec. 20, 1960). 

Revision of Tentative Specifications and Methods of 
Test for: 


Flexible Foams Made from Polymers or Copoly- 
mers of Vinyl Chloride (D 1565-59T) (Ac- 
cepted Dec. 20, 1960). 


Revision of Tentative Rec 


Description of Types of Styrene-Butadiene Rub- 
bers (SBR) and Butadiene Rubbers (BR) (D 
1419-59T) (Two revisions, one accepted 
Dec. 20, 1960 and the second on March 1, 
1961). 

Description of Types of Styrene-Butadiene Rub- 
ber (SBR) and Butadiene Rubber (BR) Lat- 
ices (D 1420-59 T) (Accepted Dec. 20, 1960). 


Revision of Tentative Definitions of: 

Terms Relating to Rubber and Rubber-like Ma- 
terials (D 1566-58). (Accepted Sept. 29, 
1960). 

The revisions of D 1416, D 1419, D 
1420, and D 1565 appear in the 1960 Sup- 
plement to Book of ASTM Standards, 
Part 9. The other items are available as 
separate reprints. 


ded Practices for: 


New TENTATIVES 
The committee recommends for publi- 
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cation as tentative, the following specifi- 
cations and methods of test as appended 
hereto? 


Tentative Specifications for: 
Rubber Rings for Asbestos-Cement Pipe. 
Tentative Methods of Test for: 


Elevated Temperature Aging Using a Tubular 
Oven, 

Adhesion of Vulcanized Rubber to Single-Strand 
Wire, 

Free 2-Mercaptobenzothiazole in Benzothiazy] 
Disulfide Rubber Vulcanization Accelerator 
and 

Total 2-Mercaptobenzothiazole in Commercial 
Benzothiazyl Disulfide Rubber Vulcanization 
Accelerator. 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Tentative Methods for Chemical Analy- 
sis of Rubber Products (D 297- 
60 T):3 


Revise as appended hereto.‘ 


Tentative Specifications for Elastomer 
Compounds for Automotive Applica- 
tions (D 735 - 60 T).* 

Table V.—At the request of the SAE- 
ASTM Technical Committee on Auto- 
motive Rubber, it is recommended that 
Table V be revised as shown in the ac- 
companying Table I.5 Several new grades 
have been added, some revised, and 
others omitted. 


Tentative Method of Test for Compres- 
sibility and Recovery of Gasket Ma- 
terials (D 1147 59 
Section 2(c).—Add a second sentence to 


read: “Readings shall be estimated to the 
nearest 0.0001 in.” 


2 The new tentatives appear in the 1961 Book 
of ASTM Standards, Part 11. 

71960 Supplement to Book of ASTM 
Standards, Part 9. 

*The revised method appears in the 1961 
Book of ASTM Standards, Part 11. 

5 Not included here; see revised specifica- 
tions, 1961 Book of ASTM Standards, Part 11. 

6 1959 Supplement to Book of ASTM Stand- 
ards, Part 9. 
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Table I.—In the column headed ‘‘Con- 
ditioning Procedure” change the descrip- 
tion for Procedures F, B and G as 


follows: 


Procedures F and B.—Add at the beginning 


the words “At least.” 


Procedure G.—In line 4, add the words “at 


least” before “by.” 


Change the last column to read as 
follows by the addition of the informa- 


tion on psi: 


Total Load (Sum of Major 

Load and Pre-Load) 

aon Procedure lb psi 
50 1000 
100 100 


Tentative Methods for Chemical Analy- 
sis of Synthetic Elastomers (Solid 
Copolymers) 


Styrene - Butadiene 
(D 1416 - 60 


New Procedure——Add as Sections 87 
to 96 a new procedure for the visual meas- 
urement of the color of light-colored 


rubbers as appended hereto.” 


7The revised methods appear in the 1961 


Book of ASTM Standards, Part 11. 
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Tentative Recommended Practice for 
Nomenclature for Synthetic Elastomers 
and Latices (D 1418-58 T):? 


Section 4.—Add a new Paragraph (c) 
to read as follows: 


(c) The “M” family includes elastomers having 
a saturation chain of the polymethylene type. 
The following classification shall be used. 

IM—Polyisobutene. 

EPM—Ethylene-propylene copolymer. 

CSM—Chloro-sulfonyl-polyethylene. 

CFM—Polychloro-trifluoro-ethylene. 

FPM—Vinylidine fluoride and hexafluoropro- 
pylene copolymer. 

ACM—Ethy] or other acrylate and 2-chloro- 
ethyl vinyl ether copolymer. 

ANM—Ethy] or other acrylate and acrylo- 
nitrile copolymer. 


Tentative Recommended Practice for 
Description of Types of Styrene- 
Butadiene Rubbers (SBR) and Buta- 
diene Rubbers (BR) (D 1419 - 60a T):* 


Section 2(d).—Add the following note 
as a means of listing ASTM test methods 
for testing several properties of the oils 
listed in Table IT: 


Note 2.—The oil types described in Table IT 
may be tested by the following methods: 


® 1958 Book of ASTM Standards, Part 9. 


Code Number Assigned 
1024 1511 1610 1715 
Nominal Temperature, deg Fahr........ 122 43 43 a 
Nominal Bound Styrene, per cent....... 25 23.5 23.5 23.5 
Nominal Conversion, per cent........... 68 60 60 60 
Nominal Mooney Viscosity, ML 1 + 4 ae aX 
Nominal Mooney Viscosity ML 1 + 4 oats 
(212 F)—Compound................. 35 70 57 
52 
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TM 
Test Required Method* 
Wem. D 88 or 
D 445 
D 92 
Pour and Cloud Point........... D97 
Volatile Matter................. D 972 
Neutralization Value............ D 974 


* These designations refer to the following 
methods of the American Society for Testing 
Materials: 

D 88, Test for Saybolt Viscosity® 

D 92, Test for Flash and Fire Points by 

Cleveland Open Cup* 

D 97, Test for Cloud and Pour Points*® 

D 445, Test for Kinematic Viscosity*® 

D 611, Test for Aniline Point and Mixed 

Aniline Point of Petroleum Products and 
Hydrocarbon Solvents® 

D 972, Test for Evaporation Loss of Lubri- 

cating Greases and Oils® 

D 975, Test for Neutralization Number by 

Color-Indicator Titration® 

D 1298, Test for Specific Gravity of Petro- 

leum Liquids, Hydrometer Method® 

D 1500, Test for ASTM Color of Petroleum 

Products (ASTM Color Scale)® 


Table II.—Add four new SBR poly- 
mers, the code numbers for which have 
been assigned since January, 1961, as 
shown at the bottom of p. 525. 


Tentative Specifications for Carbon 
Blacks Used in Rubber Products 
(D 1765 — 60 T)* (Jointly with Com- 
mittee D — 24): 

Table II.—Experience indicates that a 
revision in the stress at 300 per cent 
elongation values is needed for GPF 
Black as follows: 


Stowe at 300 per cent 
Type Tipe 293 
Min | Max 
—400 +100 
Grr { —525 —25 


ADOPTION OF TENTATIVES AS STANDARD 
Wit REVISION 


The committee recommends that the 
following tentatives be approved for 
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reference to letter ballot of the Society 
for adoption as standard with revisions 
as indicated: 


Tentative Method of Measuring Low- 
Temperature Stiffening of Rubber and 
Rubber-Like Materials by Means of a 
Torsional Wire Apparatus (D 1053 - 
58 


Section 2(c)—Add as the second 
sentence, “The color codes for these 
wires are black, yellow, and white, re- 
spectively.” 

Section 4.—Change the second sentence 
to read, ‘“The standard thickness of the 
specimens shall be the thickness of the 
material undergoing test but shall be 
within the limits of 0.085 + 0.025 in.” 

Add the following to the end of this 
section: 


Values of thickness other than standard may 
be used provided it can be shown that they give 
equivalent results for the material being tested. 
When specimens taken from the finished article 
are not of standard thickness, it should be permis- 
sible, upon agreement between the manufacturer 
and the purchaser, to use a standard-size speci- 
men, taken from a certified press-cured sheet of 
the same compound. 


Tentative Method of Test for Viscosity 
and Curing Characteristics of Rubber 
by the Shearing Disk Viscometer 
(D 1646 59 


Note 4.—Change the third sentence to 
read as follows to provide for a descrip- 
tion of the type of cellophane and for the 
use of Mylar as films suitable for use with 
sticky materials: 


When testing low-viscosity or sticky mate- 
rials, it is permissible to insert between the 
specimen and the die cavity a layer of untreated 
non-heat sealing, non-moistureproof cellophane 
(DuPont 600 PD/001 or Avisco 300P), a poly- 
ester film (Mylar Type A-100), or similar ma- 
terial approximately 0.001 in. thick. 


Add the following as the fourth 
sentence: “Caution must be exercised in 
selecting this material to be sure there is 
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no reaction between the test specimen 
and the film.” 


ADOPTION OF TENTATIVES AS STANDARD 
WitHovut REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 

Tentative Methods of Test for: 
Abrasion Resistance of Rubber Soles and Heels 

(D 1630 - 59 T).* 
Tentative Methods of Testing: 


Adhesives for Brake Linings and Other Friction 
Materials (D 1205 - 59 


Tentative Method for: 


Strain Testing of Vulcanized Rubber (D 1456 - 
57 


REVISIONS OF STANDARDS, 


af IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revision of the follow- 
ing standards as indicated, and accord- 
ingly requests the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society. 


Standard Method of Test for Compres- 
sion Set of Vulcanized Rubber 
(D 395 - 55): 


Section 5.—Change to read as follows.® 

Sections 9 and 12.—Add the following 
as a new Paragraph (e) to each of these 
sections: “(e) The type of test specimen 
used together with the time and tempera- 
ture of cure.” 

Section 11(b).—Change the last sen- 
tence to read, “The percentage of com- 
pression employed shall be 25 per cent 
for all hardnesses and the thickness of the 
spacer bar shall be 0.375 + 0.001 in.” 

Section 12.—Delete Footnote 3. 


® Not included here, see the revised method, 
1961 Book of Standards, Part 11. —— 


Standard Method of Test for Resistance 
to Surface Cracking of Stretched 
Rubber Compounds (D 518 60)? 


Sections 4 and 8 specify that the test 
specimens shall be cut longitudinally 
from standard laboratory test slabs. 
Section 12 does not state the direction. 
Since the standard test slab described in 
Section 13 (b) of the Tentative Methods 
of Sample Preparation for Physical Test- 
ing of Rubber Products (ASTM D 15 - 
59 T) has dimensions 6 by 6 in. there is no 
longitudinal direction. Therefore, the 
committee recommends the following 
revision: 

Section 4(a)—Change to read as 
follows: 


(c) The test specimens shall be rectangular 
strips 1 in. in width by 6 in. in length cut from 
standard laboratory test slabs having a thickness 
of 0.075 in. minimum and 0.100 in. maximum so 
that the grain will be in the lengthwise direction 
of the specimen. 


Section 8(a).—Change to read as 
follows: 


8. (a) The test specimens shall be rectangular 
strips 1 in. in width by 3} in. in length cut from 
standard laboratory test slabs having a thickness 
of 0,075 in, minimum and 0.100 in. maximum so 
that the grain will be in the lengthwise direction 
of the specimen. 


Section 12(a).—Change to read as 
tollows: 


12. (a) The test specimens shall be die-cut 
tapered strips having outside dimensions as shown 
in Fig. 4, cut from standard laboratory test slabs 
having a thickness of 0.075 in. minimum and 
0.100 in. maximum so that the grain will be in 
the lengthwise direction of the specimen. 


Standard Method of Test for Accelerated 
Aging of Vulcanized Rubber by the 
Oxygen Pressure Method (D572 - 
53) 


Copper contamination and its con- 
tribution to erroneous results is still a 
problem. Therefore, the committee rec- 
ommends the following revision: 


Section 4(h).—Change to read, “(4) No 
copper or brass parts shall be exposed to 
the atmosphere, nor used in the pressure 
chamber and tubing or valves leading to 


Standard Method of Test for Physical 
State of Cure of Vulcanized Rubber, 
(T-50 Test) (D 599-55): 


Section 1.—Change the fourth sen- 
tence to read, “Its use is limited pri- 
marily to natural rubber compounds. 

” 


Standard Method of Test for Weather 
Resistance Exposure of Automotive 
Rubber Compounds (D 1171 


Section 2.—Add a new Paragraph (c) 
to read as follows: 

(c) Test Chamber.—An ozone chamber 
as described in the Method of Test for 
Accelerated Ozone Cracking of Vulcan- 
ized Rubber (ASTM Designation: D 
1149). 

Section 4(b)—In Paragraph 
change the rest period from “48 hr” to 
read “70 to 72 hr.” Delete the words “a 
minimum of.” Add to the end of the 
paragraph “Care must be taken to 
prevent looped parts of the specimen 
from touching the hands or anything 
else after mounting, until the test is 
completed.” 

Change Paragraph (2) to read as 
follows: 


(2) Angle and Direction of Exposure.—Speci- 
mens exposed outdoors shall be so inclined that 
the portion of the loop diametrically opposite 
the tied ends shall face south at an angle of 45 
deg with the horizontal as shown in Fig. 2. Or 
they may be exposed in a cabinet in which the 
ozone concentration is controlled as described in 
the Method of Test for Accelerated Ozone 
Cracking of Vulcanized Rubber (ASTM Desig- 
nation : D 1149). The position of the mounted 
specimens exposed in the ozone test chamber 
shall be such that there is complete circulation 
of air around the specimen, and the specimens 
do not touch anything during the necessary 
handling. 
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Change Paragraph (3) to read as 
follows: 


(3) Test Conditions: 

(A) Ouidoor Exposure.—The type, time and 
temperature, and other essential conditions of 
exposure shall be agreed upon by the purchaser 
and the seller. 

(B) Ozone Chamber Exposure.—The test shall 
be run for 72 hr at 100 + 2 F at an ozone con- 
centration of 50 + 5 parts per 100 million parts 
of air per volume, unless otherwise specified by 
agreement between the purchaser and the seller. 
The specimens may be removed from the test 
chamber after 24, 48, and 72 hr exposure, for 
rating. 


Section 4(c).—Delete the words ‘“‘as 
follows” and the table of rating number 
and description. Add as the second sen- 
tence “If the size of the cracks under 2X 
magnification is less than those shown on 
one photograph but greater than those 
shown on the next lower rating picture, 
it shall be given the lower rating.” 


Figure 3—Change as shown in the 
accompanying Fig. 1.° 


Standard Methods of Testing Synthetic 
Rubber Latices (Styrene-Butadiene 
Copolymers) (D 1417 — 59) :® 


The following two revisions are recom- 
mended to clarify the procedures for 
surface tension and coagulum content: 

Section 8(a)—Change to read as 
follows: 


8. (a) Surface Tension.—The surface tension of 
styrene-butadiene rubber latex shall be deter- 
mined on the total solids of 40 per cent. If the 
viscosity is below 200 cp on No. 1 spindle at 20 
rpm, the latex can be tested with solids as re- 
ceived with little loss in accuracy. 


Section 10(c).—Add as the third sen- 
tence, “Clean the stainless steel screen by 
burning.” 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the remain- 


= > 


ing tentatives under its jurisdiction. 
Many of them are under consideration 
for revision. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


1° The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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This report has been submitted to 
letter ballot of the committee which con- 
sists of 272 members; 181 members re- 
turned their ballots, of whom 133 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, as 


S. COLLIER, 


as Chairman. 


JouN J. ALLEN, 
Secretary. 
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SOAPS AND OTHER DETERGENTS* 


Committee D-12 on Soaps and Other 
_ Detergents held one meeting during the 
year: on March 6 and 7, 1961, in New 
York, N. Y. Four papers were presented 
at the meetings: ‘“‘Foam Measurement by 
a Dynamic Method” by H. E. Reich, 
J. T. Patton, and C. V. Francis; ‘‘Photo- 
metric Measurement of Filming and 
Water Spotting in Dishwashing” by A. 
L. Kimmel, D. O. Darby, and H. M. 
Gadberry; “Low Foam Nonionic Sur- 
factants” by J. Dupre, R. E. Wolfrom, 
and D. B. Fordyce; “Notes on the 
Mechanism of Soil Removal” by J. C. 
Harris. 

The committee consists of 122 mem- 
bers, of whom 62 are classified as pro- 
ducers, 34 as consumers, and 26 as 
general interest members, with 7 con- 
sulting members. 

Accepted with regret, and with full 
appreciation of his accomplishments, was 
the resignation of J. L. Darragh, former 
chairman of Subcommittee T-5 on 
Physical Testing. Appointed as his re- 
placement was L. E. Weeks. 


REAPPROVAL OF STANDARDS 

The committee recommends the re- 
approval of the following standards, 
most of which have stood for six or more 
years without revision: 
Standard Specifications for: 
Milled Toilet Soap (D 455 - 55), 
Caustic Soda (Anhydrous) (D 456 - 39), 


* Sixty-fourth Annual Meeting of the So- 
ciety, June 25-30, 1961. 


Modified Soda (Sesquicarbonate Type) (D 457 - 
39), 

White Floating Toilet Soap (D 499 - 48), 

Built Soap, Powdered (D 533 - 44), 

Alkaline Soap Powder (D 534 - 42), 

Sodium Metasilicate (D 537 - 57), 


Trisodium Phosphate (D 538 60), 

Sodium Sesquisilicate (D 594 - 41), ~ 

Tetrasodium Pyrophosphate (Anhydrous) 
(D 595 - 45), 


Sodium Bicarbonate (D 928 - 52), and 
Borax (D 929 — 50). 


Standard Methods of: 

Chemical Analysis of Sulfonated and Sulfated 
Oils (D 500 - 55), 

Test for Particle Size of Soaps and Other De- 
tergents (D 502 - 39), 

Total Immersion Corrosion Test of Water- 
Soluble Aluminum Cleaners (D 930 - 49), and 

Test for Foaming Properties of Surface-Active 
Agents (D 1173 - 53). 


The committee recommends the re- 
approval of the following standards with 
editorial changes as indicated: 

Standard Specifications for Chip Soap 

(D 496-51): 

Section 2.—After the word “fats” in 


the first sentence, add the words “or 
fatty acids, or both.” 


Standard Specifications for Ordinary 
Laundry Bar Soap (D 497 — 52): 
Section 2(a).—Change as_ indicated 

above for Specifications D 496. 


Powdered 
Soap Powder 


Standard Specifications for 
Soap (Nonalkaline 
(D 498-51): 
Section 2—Change as indicated above 

for Specifications D 496. 
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Standard Specifications for Salt-Water 

Soap (D 593 — 42): 

Title—Add as a subtitle ‘Coconut Oil 
Type.” 

Section 2.—After the work “thereof” 
in the first sentence, add the words “‘or 
of their fatty acids.” 


Standard Specifications for Olive Oil 
Chip Soap (Type A, Straight; Type B, 
Blended) (D 630 — 42): 


Section 2(b)—Change as indicated 
above for Specifications D 496. 


Standard Specifications for Compound 
Chip Soap (D 690 - 48): 


Section 2——Change ‘“‘made from soda, 
fats, and rosin” to read “made from soda, 
fats, or fatty acids or both, and rosin.” 


Standard Specifications for Compound 
Powdered Soap (Granulated, with 
Rosin) (D 691 — 44): 


Section 2—Change as indicated above 
for Specifications D 690. 


Standard Specifications for Chip or 
Granular Soap for Low-Temperature 
Washing (Low and Medium Titer) 
(D 1111-53): 


Section 2——Change as indicated above 
for Specifications D 496. 


Standard Specifications for Solid Soap 
for Low-Temperature Washing (Low 
and Medium Titer) (D 1112-53): 


Section 2——Change as indicated above 
for Specifications D 496. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the fol- 
lowing tentatives: 


Tentative Methods of: 


Testing Detergent Cleaners for Evaluation of 
Corrosive Effects on Certain Porcelain Enam- 
els (D 1567 - 58 T), 


Testing Detergent Alkylate (D 1569-59 T), 
and 

Test for Synthetic Anionic Active Ingredient in 
Detergents by Cationic Titration Procedure 
(D 1681 - 59 T). 


Tentative Definitions of Terms Relating to: 
Soaps and Other Detergents (D 459 - 58 T). 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives, with editorial changes as 
indicated: 


Tentative Methods for Sampling and 
Analysis of Sodium Triphosphate 
(D 501 —59T): 


Section 8(c).—Correct ‘‘20 volumes of 
water’ to read “‘1 volume of water.” 

Section 43—Add after the second 
sentence “The relative quantities of 
Forms I and II are determined by the 
temperature rise test as herein de- 
scribed.” 


Tentative Specifications for Liquid Toilet 
Soap (D 799 — 60 T): 


Section 2(a)—Add “or both” after 
“distilled fatty acids.” 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 


be reported at the Annual Meeting! 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitlee S-2 on Specifications for 
Soaps and Synthetic Detergents (W. H. 
Joy, chairman): 

Task Group 1 on Synthetic Detergents 
(R. E. Hauber, chairman).—Reorganiza- 
tion of the group is under way. 

Task Group 2 on Scouring Powders 
(C. A. Gerardi, chairman) presented a 
rough draft of a specification for scouring 
powders which will be refined during the 
year. 

1 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Task Group 3 on Svnthetic and Com- 
bination Bars (R. M. Kelley, chairman) 
will develop specifications for synthetic 
and synthetic-soap combination bars. 

Task Group 4 on Building Cleaning 


_ Materials (L. V. Hassel, chairman) will 


develop areas of interest and possible 
specifications. 

Subcommittee T-2 on Analysis of Soaps 
and Synthetic Detergents (J. C. Harris, 
chairman): 

Task Group 1 on Classification of Sur- 
factanis (H. C. Speel, chairman) is 
evaluating the proposed ISO system for 
its application to punch card or IBM 
retrieval, and for analytical guidance. 

Task Group 3 on _ Bibliographical 
Abstracts of Analytical Methods for 
Surfactants (J. C. Harris, chairman) 
developed the 1959 Supplement to the 
Bibliographical Abstracts of Methods for 
Analysis of Synthetic Detergents (STP 


150-C). 


Task Group 4 on Separation of Active 
Ingredient (R. M. Kelley, chairman) will 
investigate the ethanol separation, fol- 
lowed by an acetone-ether step, so that 
the active ingredient may be used for 
quantitative separation, qualitative iden- 
tification, or infrared examination. 

Task Group 5 on Infrared Determina- 
tion of Surfactants (E. A. Setzkorn, chair- 
man) has examined a number of sur- 
factants for functional group estimation 
and will expand these activities in a 
further interlaboratory series. 

Task Group 8 on Determination of 
Carboxymethyl Cellulose (J. L. Darragh, 
chairman), upon investigating a shorter 
procedure, found some discrepancies at 
lower concentration levels. Upon resolu- 
tion of these differences, a further co- 
operative test will be initiated. 

Task Group 16 on Qualitative Method 
for Identification of Swurfactanis and 
Organic Builders (L. E. Weeks, chair- 
man) tested a procedure for single com- 
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ponent materials with complete success. 
The next trials will encompass multi- 
component mixtures. 

Task Group 20 on Total Active In- 
gredient (C. A. Cohen, chairman) prefers 
the two-phase isopropanol - sodium car- 
bonate separation procedure for its 
ability to minimize the presence of 
electrolytes in the separated active in- 
gredient. Collaborative tests between this 
Task Group and Task Group 4 are to be 
initiated. 

Task Group 21 on Detergent Alkylate 
(J. C. Harris, chairman): 

Subgroup A on Distillation Range 
(J. L. Darragh, chairman) continues its 
liaison with other committees under 
whose sponsorship various distillation 
methods are under scrutiny. 

Subgroup B on Molecular Weight (C. 
A. Cohen, chairman) reports that the 
only precise method is that by mass 
spectroscopy. In the absence of such 
equipment a cryoscopic procedure is 
recommended, with the notation that 
the refractive index - viscosity - density 
procedure did not perform successfully. 

Subgroup C on Acid Wash Color (R. C. 
Stillman, chairman) is awaiting the re- 
sults of the revision of the procedure by 
Committee D-16 on Industrial Aromatic 
Hydrocarbons before further evaluation 
for detergent alkylate. 

Task Group 22 on Estimation of Ethyl- 
enediamine Sodium Tetraacetate (EDTA) 
and Other Sequestrants (E. W. Blank, 
chairman) has circulated a test method 
for sequestrants other than EDTA and 
expects to perform a cooperative test 
during the year. 

Task Group 25 on Alkylaryl Sulfonates 
(R. C. Stillman, chairman) has a test 
method under cooperative investigation. 
Quantitative separation and identifica- 
tion of the lower alkylaryl sulfonates is 
expected. 

Task Group 26 on N onionic Surfactants 
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(M. J. Rosen, chairman) is attempting to 
secure a nonionic of assured purity (most 
of these represent a molecular weight 
distribution). Various procedures for 
identification and analysis of the hydro- 
phobe and hydrophil portions of the 
molecule are under study. 

Subcommittee T-5 on Physical Testing 
(J. L. Darragh, chairman): 

Task Group 1 on Measurement of Soil 
Redeposition (R. C. Davis, chairman) is 
considering clay as a model soil. 

Task Group 3 on Measurement of Re- 
flectance of Test Fabrics (R. L. Liss, chair- 
man) has developed supplies of uniform 
materials and will circulate kits and 
NBS standard plaques for cooperative 
measurement. 

Task Group 5 on Brightener Evaluation 
(M. S. Furry, chairman) is attempting to 
develop methods for determining 
buildup, substantivity, and stability to 
light and to bleaching agent of bright- 


ener-treated fabrics. ot 
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Task Group 9 on Methods of Determina- 
tion of Cloud Points of Detergents (F. E. 
Woodward, chairman) plans to develop 
and evaluate a procedure during the 
coming year. 

Task Group 10 on Methods for Evalua- 
tion of Detergents in Dishwashing (R. E. 
Johnson, chairman) compiled a series 
of tests used in various laboratories which 
will be studied to develop those to be 
evaluated cooperatively. 

Task Group 11 on Studies of Primary 
Deposition of Soil (A. M. Schwartz, 
chairman) continues a card file of se- 
lected references. Expansion of interest 
to soil-resistant treatments may prove 
within the scope of task group activities. 


Respectfully submitted on behalf of 
of the committee, 
C. Harris, 


Chairman. 
H.R. Som, 
Secrelary. Mune 
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Committee D-13 on Textile Materials 
held two meetings during the year: in 
New York, N. Y., on Oct. 18 to 21, 
1960, and Feb. 28 to March 3, 1961. 
At each meeting over 60 subcommittees 
and task groups met to discuss revisions 
of current standards and development of 
new methods. 

At the October meeting, Messrs. 
K. L. Hertel, Burt Johnson, and‘A. G. 
Scroggie presented three papers at a 
general session summarizing the actions 
and activities of the meetings of ISO/TC 
38 on Textiles held in London, England 
in May, 1960. The American delegation 
of 17 was headed by Mr. Hertel. His 
leadership and the hard and outstanding 
work of Messrs. Scroggie and Johnson, 
and members of Subcommittees A-1, 
B-2, B-6, and B-8, aregratefully acknowl- 
edged. 

The demand for reprints from the 
ASTM Bw ttetin of “Introduction of the 
Tex System for Designation of Yarn 
Number” continued throughout the 
year, especially from foreign countries. 
These countries are looking to the 
United States for leadership in introduc- 
ing the tex system in all segments of the 
textile industry. This challenge to show 
foresight and leadership should be 
accepted unhesitatingly. The opportu- 
nity to obtain the tremendous benefits 
of the tex system and to pass these 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 
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1 ASTM No. 247, July, 1960, p. 48. 


benefits on to future generations of the 
textile industry of all nations must be 
seized promptly and courageously. In 
addition to the huge economic values 
that will accrue in all future years by 
adopting the tex system (to end the 
utter confusion of the great multiplicity 
of current systems), there are the inesti- 
mable and intangible values of showing 
to all the world how established tradi- 
tions and practices can and must give 
way to modern, unified, and harmonious 
practices, concepts, and mutual under- 
standing. To help attain this goal many 
members of Committee D-13 partici- 
pated in the technical program of the 
American Association for Textile Tech- 
nology held in New York City on March 
1, 1961. This program was sponsored 
jointly by AATT and Subcommittee B-8 
of ASTM Committee D-13. A. G. 
Scroggie outlined in detail the present 
multiplicity of yarn numbering systems 
with their innumerable disadvantages, 
and clearly indicated the many advan- 
tages of the tex system. This excellent 
paper is published in Modern Textiles 
Magazine, Vol. 42, p. 61, April, 1961. It is 
recommended very highly and sincerely 
for careful study. 

The Task Group on Yarn Appearance 
Standards, of Subcommittee B-8, met 
at both meetings of Committee D-13. 
At the March meeting approximately 800 
photographs were carefully compared 
with the master standards and some 
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700 were judged acceptable for standards 
and the remainder, which were found 
unacceptable, were destroyed. Since the 
establishment of these yarn appearance 
standards by this task group some 
40,000 photographs have been compared 
with the master standards. The Cotton 
Yarn Appearance Standards consist of 
twenty 53 by 10-in. approved photo- 
graphs representing five series of yarn 
numbers. Each series is divided into 
four Grades A to D mounted on a 
board 273 by 15 in. for yarn comparison 
purposes. To date some 7500 boards 
have been sold by the Society to users 
all over the world. The dedicated work 
of this task group is worthy of special 
commendation. 

At the March meeting the Harold 
DeWitt Smith Memorial Medal for 1961 
was presented to Lyman E. Fourt, 
Associate Director of Harris Research 
Laboratories, in recognition of his 
outstanding contributions to textile 
science. 

Herbert J. Ball, Honorary Chairman 
of Committee D-13, chairman for 
twenty years, and also a Past President 
of the Society, was elected an Honorary 
Member of Committee D-13 in recogni- 
tion of his many years of outstanding 
and dedicated service to the work of the 
committee. 

The following appointments have been 
made during the year: S. C. Mayne, 
Jr., chairman of Subcommittee B-3 on 
Atmospheric Conditions and Regain, to 
replace E. N. Ditton; N. L. Enrick, 
chairman, and W. C. Stuckey, Jr., secre- 
tary of Subcommittee B-5 on Sampling, 
Presentation, and Interpretation of 
Data; Braham Norwick, chairman to 
replace A. G. Scroggie, and H. A. Thomp- 
son, secretary to replace B. Norwick of 
Subcommittee B-6 Coordinating Com- 
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mittee for ISO and Foreign Textile 
Standards; E. A. McMasters, secretary 
of Section I on Automotive Fabrics 
of Subcommittee B-9, to replace H. R. 
Walker; Charles Bradford, acting chair- 
man of new Section II on Heavy Indus- 
trial Fabrics, of Subcommittee B-9; 
S. J. Hayes, chairman of Subcommittee 
C-5 on Significance of Tests; A. G. 
Scroggie, chairman of new Subcommittee 
C-6 on Editorial Review and Policy. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The committee is presenting a number 
of recommendations relating to standards 
which are listed in detail in the Ap- 
pendix.? 

All other standards and tentatives not 
specifically referred to are being studied 
by the respective subcommittees and it 
is recommended that they be continued 
in their present status. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 


This report has been submitted to 
letter ballot of the committee, which © 
consists of 401 voting members; 200 
members returned their ballots, of 
whom 172 have voted affirmatively and 0 
negatively. 


Respectfully submitted on behalf of — 
the committee, 

H. F. ScHTEFER, 

Chairman. 


2 See p. 536. 


3 The letter ballot vote on these recommend- 
ations was favorable; the results of the vote are 
on record at ASTM Headquarters. 7 
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In this Appendix proposed recommen- 
dations are given affecting certain stand- 
ards and tentatives covering textile 
materials. The current standards and 
tentatives in question appear in their 
present form in the 1958 Book of ASTM 
Standards, Part 10, and its 1959 and 
1960 Supplements. 


REVISION OF PROPOSED METHOD 


The committee recommends the revi- 
sion of the Proposed Method of Test for 
Length and Length Distribution of 
Cotton Fibers by the Short Method 
Array, as appended hereto.' This method 
was formerly published as information 
in the compilation of “ASTM Standards 


on Textile Materials,” Nov., 1960. 


NEw STANDARD 


The committee recommends for pub- 
lication as a separate standard the 
Standard Method of Test for Diameter 
of Wool and Mohair Fibers by Micro- 
projection as appended hereto? and 
accordingly asks for the necessary nine- 
tenths affirmative vote at the Annual 
Meeting in order that the method may 
be referred to letter ballot of the Society. 
This method includes those parts of the 
Standard Specifications and Methods 


1The revised method appears in the com- 
pilation of “ASTM Standards on Textile Ma- 
terials,’"" Nov., 1961. 

? The new standard and tentatives appear in 
the 1961 Book of ASTM Standards, Part 10. 
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RECOMMENDATIONS AFFECTING STANDARDS ON TEXTILE 
MATERIALS 


D 419-58, D 472 - 56, and D 1381 - 57 
which apply to methods of test. 


New TENTATIVES 


The committee recommends for publi- 
cation as tentatives the following 
methods, definitions, and recommended 
practice as appended hereto? or as other- 
wise indicated: 


Tentative Methods of Test for: 


Dimensional Change in Woven and Knitted 
Textiles (Excluding Wool). (This tentative 
is a contemplated revision and consolidation 
of the following five methods: D 416-54 T, 
D 437 -36, D 1470-59T, D 1487-57 T, 
and D 1773-60T), 

Estimating Maturity and Weight per Unit 
Length of Cotton Fibers by the Causticaire 
Method (Adoption as tentative of Appendix 
XII, Proposed Method of Test for Estimating 
Maturity and Weight per Unit Length of 
Cotton Fibers by the Causticaire Method, 
with editorial changes) 

Estimation of Effective Gage Lengths in Single 
Fibers Testing, 

Moisture Content and Moisture Regain of Lint 
and Seed Cotton (Oven Method), 

pH of Aqueous Extracts of Wool and Similar 
Animal Fibers, 

Rapid Estimation of Staple Length of Wool 
Top, 

Yarn Number (Skein Method). (This method 
replaces parts of the following methods: 
D 180-57 T, D1285-58T, and D 1380- 
57 T), 

Yarn Severance in Woven Fabrics, 

Colorfastness of Zipper Stringers to Dry Clean- 
ing, 


3 Compilation of ‘ASTM Standards on Tex- 
tile Materials,’"” November, 1960. 


Colorfastness of Zipper Tapes to Crocking, 
Colorfastness of Zipper Tapes to Perspiration, 
Colorfastness of Zippers to Laundering, 
Colorfastness of Zippers to Light, 

Durability of Finish of Zippers to Dry Cleaning, 
Durability of Finish of Zippers to Laundering, 
Measuring Zippers, 

Operability of Zippers, 

Resistance of Finish of Zippers to Dry Abrasion, 
Resistance of Zippers to Salt Fog, and 
Strength Tests of Zippers. 


Tentative Definitions of Terms Relating to: 


= 
Zippers. 
Tentative Listing of: = 
Commercial Moisture Regains for Textile 


Fibers. 


Tentative Recommended Practice for: 


Establishment of Standard Moisture Content 
for Wool and Its Products, as appended 
hereto.? (This replaces Appendix IX, Recom- 
mendations for the Establishment of Stand- 
ard Moisture Content for Wool and Its Prod- 

ucts).3 


REVISION OF TENTATIVES 


_ The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Tentative Methods of Testing and Toler- 
ance for Cotton Yarns (D 180-57 
T): 

Section 10.—Replace Section 10 with 
a reference to the Tentative Method of 
Test for Yarn Number of Textile Yarns 
by Skein Method (ASTM Designation: 
D 1907). 

Section 14 (a).—Replace Item (/) with 
a reference to the Tentative Method of 
Test for Yarn Number of Textile Yarns 
by Skein Method (ASTM Designation: 
D 1907). 

Table I—Replace the first line of this 
table with a reference to the Tentative 
Method of Test for Yarn Number of Tex- 
tile Yarns by Skein Method (ASTM 
Designation: D 1907), 


Tentative Methods for Identification of 
Fibers in Textiles (D 276 - 60 T): 


Section 1.—Add in the proper alpha- 
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ii 


fibers from other countries, 
included because they may be encoun- © 


betical order the following items: Acri- 
lan 16®, Arnel®, Dynel 60®, Dynel 97°, 
Lycra®, Orlon 21®, Orlon 39®, Poly-— 
porphylene, Rilsan®, Rovana®, Teflon®, 
Verel®, Vinal, Vycron®, and Vyrene®. 

Delete the following fibers: Velon® and 
Vinyon HH®. 

Change the last sentence to read as 
follows: “Although Fibravyl, Merinova, = 
Perlon, Rhovyl, Rilsan, and Rovana are © 
they are 


tered in the United States.” 

Section 2—In the fifth sentence, 
change “Appendix” to read “Appendix 
I.” Also, add as the last sentence “In- | 
frared spectra included in Appendix II 
are not influenced by shape factors, but 
changes in manufacturing processes may © 
alter the spectra, so that current samples 
should be checked in case of doubt.” 

Section 3—Add new Paragraphs (w) — 
and (x) to read as follows: “(w) Potas- 
sium Bromide, reagent grade for infrared 
examination,” and “‘(x) Chloroform, rea- 
gent grade for infrared examination.” 

Section 4.—Add a new Paragraph (c) 
to read: “‘(c) Infrared Spectrophotometer, — 
double-beam ‘instrument reading from 
2.5 to 15.0 

Section 6.—Add a new Paragraph (c) = 
to read as follows: 


Normally dyestuffs and finishes will not inter- 
fere with determination of the qualitative nature 
of the fiber substance by infrared. If fiber mix- 
tures are present, these must be separated prior 
to testing for spectra either by the density 
gradient column or by selective solvents such as 
noted in Table VI of Appendix II. The fibers 
are ground with potassium bromide and hy- 
draulically pressed to form a disk, or made into 
a film with suitable solvents as recommended. 


(c) Preparation for Infrared 


Section 8(d).—In the list of fibers, 
delete ““Velon®” and “Vinyon HH®” and 
add in the proper alphabetical order the | 
following: Acrilan 16®, Dynel 60®, Dy- _ 
nel 97®, Orlon 21°, Orlon Rilsan® q 


and Lycra®. 
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TABLE I.—THE CROSS-SECTION, DENSITY, AND SOLUBILITY OF FIBERS IN DIFFERENT SOLVENTS. 


< 
50%. 


m-Cresol 
— (Fused) 


+ (Boil) 


nn’ Di- 
methyl 
Forma- 
mide 


— (Browns) 


— (Fused) 


Methylene 
Chloride NaOH, 45 per cent 


70 per | NaClO 


cent 


H 


i+ + 


(Addition to Table V of Methods D 276) 


1.17 


Densit: HCl 
Cross-Section | Density Range, Nitric Acid |Acetone| 


Fibers 


ynel 60®..... 


Creslan®. 


a 
2 2 
= 


Rilsan®...... 


 Kodel®....... 
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Table V.—Delete “Velon®” and all 
corresponding requirements. Also, add 
in proper alphabetical order the fibers 
listed in the accompanying Table I. 

Table VI.—Replace with the accom- 
panying Table IT.‘ 

Table VII.—Delete ‘“Velon®” and all 
corresponding requirements, and add in 
the proper alphabetical order the fol- 
lowing: 


Refractive Birefrin- 
Indexes gence 
Fiber Source 
€ 
Dynel 60°®..... 1.54 | 1.53 | 0.01 k 
Dynel 97®..... 1.54 | 1.53 | 0.01 


k = Union Carbide Chemicals Co. 


New Table.—Add as a new Table VIII 
the accompanying Table III.‘ 

New Section.—Add the following as a 
new Section 13: 


13. Procedure for Melting Point Determina- 
tion.—(a) Scope.—This method is intended for 
determining the melting point of thermoplastic 
fibers, thread, and yarn containing a single 
type of fiber. 

(b) Apparatus.—An apparatus containing an 
electrically heated stage with controllable heat 
input, an armored thermometer inserted into a 
circular depressed stage, and auxiliaries such as 
a magnifying eyepiece and an illuminating lamp. 
The instrument should have a range of 100 to 
300 C or more, and an accuracy within +1 deg 
over the entire range. The instrument should 
contain a graduated powerstat dial for ease of 
operation and reproducibility of settings (Note). 

Note.—One such unit is the Fisher-Johns 
Melting Point Apparatus. 

(c) Test Specimens.—The specimen shall be 3 
to 4 mg of material undergoing test. 

(d) Standardization.—Standardize the appa- 
ratus with U. S. Pharmacopeia Reference Stand- 
ards or other suitable means. 

(e) Procedure.—If the approximate melting 
point of the specimen is not known before test- 
ing, determine it by a trial run. Place the speci- 
men between two cover glasses and lay the 
entire unit on the hot stage and press gently but 


4 Not included here; see revised method, 1961 
he of ASTM Standards, Part 10. 
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firmly into place. Raise the temperature of the 
stage rapidly to within 15C of the expected 
melting point and thereafter at a rate of 3 to 
4C per min. At this time, apply a slight pressure 
on the upper microglass cover by pressing with 
a spatula or pick needle. Observe the specimen 
with the aid of the magnifying glass and take 
the melting point as the temperature at which 
the flow of the specimen is observed. At the ob- 
served melting point, read the thermometer to 
the nearest degree. In subsequent determinations 
immediately following the initial determination, 
cool the stage in each case to approximately 50 C 
below the expected melting point before the © 
specimen is put in place for testing. Report the 
melting point as the average of two determina- 
tions on each unit-of-produce to the nearest 1 C. 


Figure 23—Replace with the accom- 
panying Fig. 1.‘ 
New Appendix.—Add as Appendix 
II the infrared spectra appended hereto.' 


Tentative Methods of Test for Abrasion 
Resistance of Textile Fabrics (D 
1175 55 T): 


Tiile—Revise to read: “Tentative 
Recommended Practice for Operating 
Machines for Testing Abrasion Resist- 
ance of Textile Fabrics.” 

Sections 29 to 34.—Change Procedure 
E to read as appended hereto.‘ 


Tentative Method of Test for Average 
Fiber Diameter of Wool Tops, Card 
Sliver, and Scoured Wool by Micro- 
naire Method (D 1282-57 T): Re- 
vise as appended hereto.* 


Tentative Methods of Testing Tufted 
Pile Floor Coverings (D 1486 — 57 T): 


Section 2.—Add to Paragraph (5) the 
following sentence: “Equilibrium shall be 
approached from the dry side (not mois- 
ture free).”’ 

In the first sentence of Paragraph (c) — 
replace “the standard atmosphere” by 
“the specified atmosphere.” Delete the 
last sentence of this paragraph. 

Section 4(d).—Change to read 
follows: 

(d) The three measurements shall consist of 
one measurement taken in the center of the 
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sample and one measurement taken at a point 
_ Six inches from each edge. 


Section 10.—Add a note to read as 
follows: 

Nore.—It should be pointed out that the 
net pile thickness as determined in Sections 8, 9, 
and 10 can be considered to be the “average 
thickness” of the sample only in the case of 
fabric with a uniform pile height. It cannot be 
interpreted in this manner for fabrics of variable 
pile height. 


Section 15(a).—Change “10 by 10-in.” 
to read “9 by 9-in.” 

Section 15(c).—Change “10 by 10-in. 
sample” to read “9 by 9-in. sample, 
approximately 81 sq in.” 

Section 16(b)—Change to read as 
follows: 


(b) Where the specifications of the sample are 
known, the sample shall be a 9 by 9-in. square 
determined by counting a number of rows equal 
to nine times the number of rows per inch-and 
a number of pile ends equal to nine times the 
face pitch. 

Section 16(d).—Change to read: “‘(d) 
Carefully separate the various yarns 
according to their use in the fabric, that 
is pile, chain, stuffer, and filling.” 

Section 17.—Change Paragraph (6) to 
read as follows: 

(b) Backing.—Weigh each of the various 
backing yarns to the nearest 0.01 oz, and take 
these weights as the conditioned weights of the 
chain, stuffer, and filling. 


In Paragraph (d) insert after 
“backing” the word “‘yarns.” 
Section 19(a).—Change size of sample 


to “9 by 9-in.” 


Tentative Methods of Testing and Toler- 
ances for Yarns Containing Wool (D 
1285 — 58 T): 


Section 18.—Replace Section 18 with a 
reference to the Tentative Method of 
Test for Yarn Number (Skein Method) 
(ASTM Designation: D 1907). 


Tentative Methods of Testing Spun and 
Filament Yarns Made Wholly or in 


Part of Man-Made Organic Base 
Fibers (D 1380 — 57 T): 


Scope.—Delete the references to Sec- 
tions 5 to 17. 

Section 3(a).—Replace Paragraph (a) 
with a reference to the Tentative Method 
of Test for Yarn Number (Skein 
Method) (ASTM Designation: D 1907). 

Sections 5 to 17.—Replace Sections 5 
to 17 with a reference to the Tentative 
Method of Test for Yarn Number (Skein 
Method) (ASTM Designation: D 1907). 


Tentative Method of Test for Elastic 
Properties of Uncrimped Fibers (D 
1774-—60T): Revise as appended 
hereto.* 


Tentative Method of Conditioning Tex- 
tiles and Textile Products for Testing 
(D 1776 — 60 T): 


Section 3.—Change Paragraph (a) to 
read as follows: 


(a) Standard Atmosphere for Testing.—Stand- 
ard atmosphere for testing is defined as in 
Definitions of Terms Relating to Textile Ma- 
terials (ASTM Designations: D 123). 


Change Paragraph (c) to read as 
follows, retaining Note 2: 


(c) Standard Almosphere for Preconditioning. 
—Standard atmosphere for preconditioning is 
defined as an atmosphere having a relative 
humidity of 5 to 25 per cent and a temperature 
of not over 50 C (122 F) (Note 2). 


Section 4(b)(1).—Change to read as 
follows: 


(1) Cabinet, room, or other container 
equipped with apparatus for maintaining the 
standard atmosphere for preconditioning 
throughout the cabinet, room, or other con- 
tainer within the tolerance given in Section 3(c). 

Section 5.—In the fourth line of Para- 
graphs (a) and (5) substitute the word 
“‘material’’ for the word “detail.” 

Section 6.—In the second line of Para- 
graph (0) substitute the word “material” 
for the word “detail.” 


In the fourth line of Paragraph (e) add 
the word “it” after the word “maintain.” 


TENTATIVE REVISION OF STANDARDS 


The committee recommends tentative 
revisions as follows of the Standard 
Definitions of Terms Relating to Textile 
Materials (D 123 - 60): 


Add the new tentative definitions for 
the terms “Wrinkle,” “Crease,” 
‘“‘Pressed-in-Crease,” ‘‘Wrinkle Resist- 
ance,” “Wrinkle Recovery,” ‘“Pressed- 
in-Crease Retentions,” ‘‘Mussiness,’’ 
“Minimum Care,” “Pleat,” and “Tex- 
tile” to read as follows: 


Wrinkle, n.—An undesirable fabric deforma- 
tion, usually a sharp or rounded short 
fold. 


Norte.—The distinction between a wrinkle 
and an undesirable crease is not clear; gen- 
erally, short and rounded irregular deforma- 
tions are referred to as wrinkles while longer 
and sharper ones are called creases. 


Crease, .—A fabric deformation, usually a 
long sharp fold either desirable or undesir- 
able, depending on the situation. 

Pressed-in-Crease, ».—A sharp crease in- 
serted intentionally in a fabric usually by 
application of pressure, heat and mois- 
ture. 

Wrinkle Resistance, n.—That property of a 
fabric which enables it to resist the forma- 
tion of wrinkles when subjected to a 
folding deformation. 


Note 1.—The apparent wrinkle resistance 
of a specific fabric may vary depending upon 
conditions attending the deformation and 
recovery, €.g., on temperature, moisture con- 
tent of the fabric, force, duration, and direc- 
tion of deformation. 

Nore 2.—The wrinkle resistance of a fabric 
is a valuable concept, but is not easily meas- 
ured quantitatively. It varies from “quite 
low” in many fabrics to “very high” in re- 
silient fabrics. Formation of a wrinkle over- 
comes a fabric’s wrinkle resistance, which 
may produce strains and store potential 
energy that can become evident as wrinkle 
recovery under suitable conditions. 

Note 3.—Crease Resistance” is a term 
commonly used in place of the preferred 
term “Wrinkle Resistance.” 
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Wrinkle Recovery (Crease Recovery), ”.— 
That property of a fabric which enables it 
to recover from folding deformations. 


Note.—The extent of wrinkle recovery 
may be expressed in degrees or percentage, or 
subjectively. Because it is not practical to 
determine the time required for complete re- 
covery, test results are usually based on an 
arbitrarily chosen time, such as one second, 
five minutes, twelve hours, etc. 


Pressed-in-Crease Retention, .—That 
property of a fabric which enables it to 
maintain an inserted crease. 


Note.—Pressed-in crease retention can be 
measured by the relation of a crease in a 
subsequent state to the crease in the initial 
state, or subjectively. This property may be 
strongly dependent upon the conditions of 
use through which retention is desired, e.g., 
normal wear, washing, tumble drying, etc. 


Mussiness, n.—Surface distortion in a 
fabric characterized by undesirable un- 
evenness due to many minor deformations. 


Note.—Mussiness is independent of the 
presence or absence of soil. 


Minimum Care, ”.—A term applied to 
fabrics, garments, and household textile 
articles which can be washed satisfac- 
torily by normal home laundering and 
used or worn after light ironing. 


Nore.—By “light ironing” is meant no 
starching, no dampening, and a relatively 
small expenditure of physical effort. 


Pleat, ».—Three layers of fabric involving 
two folds or reversals of direction; the 
back fold may be replaced by a seam. 


Note.—Pleats may be either pressed to 
give sharp creases or left unpressed to give 
soft folds. 


Textile, ».—Originally a woven fabric, now 
generally applied to: 

(1) Staple fibers and filaments suitable 
for conversion to or use as yarns, or for 
the preparation of nonwoven fabrics, 

(2) Yarns made from natural or man- 
made fibers, 

(3) Fabrics and other manufactured 
products made from fibers as defined 
above and from yarns, and 


~~ 
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(4) Garments and other articles fabri- 
cated wholly from one or more of the 
above elements, and articles made princi- 
pally from the above when the products 
retain the characteristic flexibility and 
drape of the original fabrics. 


Norte.—Typical examples (but not a 
complete listing) of material included in the 
above definitions are: 


(/) Natural fibers such as cotton, wool, 
sisal, and asbestos, also silk filaments, 
after these materials have been subjected 
to their first preparatory process, and 
man-made fibers such as rayon, nylon, 
glass, and metals in the form of spinnable 
fibers, monofilaments, multifilament yarns 
or tows. 

(2) Yarn intermediates such as sliver, 
roving, and top; yarn in single or plied, 
spun or filamentous form; threads, cords, 
and ropes but not metallic cables; yarn 
substitutes including twisted paper or 
foil, slit foil, or slit laminated sheets, 
metallic or plastic monofilaments. 

(3) Products made from materials 
included in (1) or (2) or both by interlacing 
in any manner including weaving, knit- 
ting, tufting and braiding, bonding, 
knotting or felting and including such 
products as cloths, woven goods, knit 
goods, lace, embroidery, nets, webbing, 
batts, and nonwoven fabrics. Reinforced 
plastics and papers are not included. 

(4) Wearing apparel, household and 
industrial articles fabricated principally 
from the material listed in (/), (2) and 
(3) above. 


Appendix IV.—Replace Table I with 
a new table as shown in the accom- 
panying Table IV.® 

In Table II C, revise the portion of 
the table on “‘Cotton” to read as shown 
in the accompanying Table V.° 


ADOPTION OF TENTATIVES AS STANDARD 
WITHOUT REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 


5 Not included here; see revised Definitions, 
1961 Book of Standards, Part 10. 


for adoption as standard without revi- 

sion: 

Tentative Recommended Practice for: 

Lighting Cotton Classing Rooms for Color 
Grading (D 1684-59 T). 

Tentative Methods of Test for: 


Heat Aging of Asbestos Textiles (D 1573 - 
58 T), and 
Fiber Length of Wool (D 1575 - 58 T). 


ADOPTION OF TENTATIVE AS STANDARD 
REVISION 


The committee recommends that the 
Tentative Method of Test for Flamma- 
bility of Clothing Textiles (D 1230 - 52T) 
be approved for reference to letter bal- 
lot of the Society for adoption as stand- 
ard with revisions as indicated: 

Section 7—In the second sentence 
change “‘4 sec” to “33 sec.” 

Section 8(c).—In Class 1(a), change 
“4 sec”? to “34 sec.” 

In Class 2(a), change “4 to 7 sec” to 
“34 to 7 sec.” 

In Class 3(a) and (6), change “4 sec’’ 
to “33 sec.” 


REVISION OF STANDARDS 
IMMEDIATE ADOPTION 
The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards, and ac- 
cordingly asks for the necessary nine- 
tenths affirmative vote at the Annual 
Meeting in order that the revisions may 
be referred to letter ballot of the Society: 


Standard General Methods of Testing 
Woven Fabrics (D 39 — 59): Revise as 
appended hereto.* 


Standard Specifications and Methods of 
Test for Fineness of Wool (D 419- 
58): Revise as appended hereto.‘ 


Standard Methods of Testing Felt (D 
461 - 59): 
Section 18.—Delete this section and 
replace it with the following: 


18. Fiber Identification.—(a) Purpose.—The 
purpose of this section is to provide a means for 
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analysis, and identification of the fibers present 
in a felt beyond that information obtained in 
accordance with Section 21 (see Note 8 under 
Section 21). 

(b) Procedure.—The felt sample shall be sub- 
jected to the appropriate analysis procedures 
set forth in the Methods for Quantitative Analy- 
sis of Textiles (ASTM Designation: D 629)* or 
Methods for Identification of Fibers in Textiles 
(ASTM Designation:' D 276)*, which procedures 
for any given felt sample may involye micro- 
scopic analysis, chemical analysis, or both. 


Section 23.—Change the boldface 
heading to read “Acid Content in Felt 
(Pyridine Extraction Method).” 

In Paragraph (e) transfer the reference 
to Note 9 from the first sentence to the 
end of the last sentence. Change Note 9 
to read as follows: 


Note 9.—A method alternative to the use of 
phenolphthalein is the titration to an end point 
of pH 8.3 potentiometrically using a calibrated 
glass electrode. This alternative method must be 
used where color extracted from the felt causes 
difficulty in determining a colorimetric end 
point. 


Section 26.—In Paragraph (c), delete 
Items (6) and (7). 

In the first sentence of Paragraph (d), 
change “The samples” to read “The 
sample.” 

Change Paragraphs (e) and (g) to read 
as follows: 


(e) Test Specimens.—Six test specimens 2 in. 
in width by 124 in. in length shall be cut and 
tested. Three of the test specimens shall be cut 
with the long dimension parallel to length of 
original roll, and three test specimens cut with 
long dimension parallel to width of original roll. 

(g) Procedure: 

(1) Adjustmeni of Flame.—Close off the air 
inlets at the base of the burner, and regulate the 
gas flow at the burner so that a luminous flame 
extending 14 in. above the top of the burner is 
obtained. 

(2) Duration of Flaming.—Suspend the speci- 
men vertically } in. above the top of the gas 
burner, with 3 in. of the upper end in the clamp, 
so that 12-in. length is exposed. Apply the flame 
vertically near the middle of the width of the 
lower end of the specimen for 12 sec, then with- 
draw it and record the time during which flaming 
continues on the specimen. 
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(3) Time of Glow.—The time of‘glow shall be 
the time the specimen continues to glow after 
it has ceased to flame. Record the time of glow 
in seconds. 


Section 27.—Change to read as follows: 


27. Report.—The average duration of flaming 
and time of glow shall be the average of the 
results obtained from the specimen tested in 
each of the length and width direction and shall 
be reported separately. 


Standard Specifications and Method of 
Test for Fineness of Wool Tops (D 
472-56): Revise as appended 
hereto.* 


Standard Methods of Testing and Toler- 
ances for Glass Yarns (D 578 - 58):° 
Revise as appended hereto.‘ 


Standard Specifications and Method of 
Test for Fineness of Mohair Tops 
(D 1381-59): Revise as appended 
hereto.‘ 


ADOPTION OF TENTATIVE REVISIONS AS 
STANDARD 


Revisions of the following standards 
as indicated have been published as 
tentative. They have been incorporated 
in the revised methods appended hereto:* 


Standard General Methods of Testing 
Woven Fabrics (D 39-59), Sections 3 to 14 
and 17 and 18. Max 


EpiTor1AL CHANGES 

The committee recommends editorial 
changes as indicated in the following 


standards and tentatives: 


Tentative Specification for Fire-Retard- 
ant Properties of Treated Textile 
Fabrics (D 626 — 55 T): 


Section 6.—Add the following new 
Paragraph (a) relettering present Para- 
graphs (a) and (5) as () and (c): 

(a) Adjustment of Flame.—Close off the air 
inlets at the base of the burner, and regulate the 
gas flow at the burner so that a luminous 
flame extending 1} in. above the top of the 
burner is obtained. 
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Standard Method of Test for Compatibil- 
ity of Glass Yarn with Insulating 
Varnish (D 886 — 49): 


Title and Scope—Delete the word 
“Compatibility” and substitute the 
words “Impregnation and Penetration.” 


Standard Method of Core Sampling of 
Raw Wool in Packages for Determina- 
tion of Percentage of Clean Wool 
Fiber Present (D 1060 — 58): 


Section 2(a).—Add a new item (J) as 
follows, renumbering present items (/) 
and (2) as (2) and (3): 


(1) Each package shall have been uniformly 
and randomly packed, as evidenced by the ab- 
sence of systematic differences in clean wool 
fiber present between different parts of the 


package. 


In the present Item (/) substitute 
“(Note 6, Appendix)” for “(Note 4, 
Appendix).” 

Section 3(a).—Change to read as 
follows: 


3. (a) Sampling Tool.—The sampling tool 
shall consist of a tube equipped with a cutting 
edge, a drill, hammer, press or similar device, and 
accessories. It shall be capable of penetrating 
the required distance (Section 4(b)) into a pack- 
age of wool and cutting a core therefrom, which 
core shall be retained substantially unchanged 
within the tube during its withdrawal from the 
package. Figure 1 illustrates the design of a rec- 
ommended type of rotatable small-diameter 
wool-sampling tube for use in sampling baled 
wool of moderate density (Notes 1, 2, and 3). 

Nore 1.—Sampling tubes in common use 
range from approximately } to 3 in. in diameter, 
and from 10 to 40 in. in length. 

Note 2.—A rotating tube is not recommended 
for use under circumstances where excessive 
heat will be generated. 
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Note 3.—A toothed cutting edge on a ro- 
tating tube of small diameter, instead of the 
smooth edge shown in Fig. 1, is acceptable pro- 
vided that for any specific design it has been 
shown that a bias is not introduced thereby. 
The absence of bias in samples obtained with a 
rotating 2-in. diameter tube with toothed cutting 
edge has been demonstrated. 


Present Notes 2 and 3.—Renumber as 
Notes 4 and 5, respectively. 

Section 5(e).—In the third sentence, 
insert “immediately” before “prior” and 
substitute “1961” for “19—.” 

Appendix A1.—Substitute “Note 6” 
for ‘““Note 4” and “1961” for ‘“19—;” 
insert “immediately” before ‘prior; 
delete the second sentence beginning 
with the words “Any subsequent ma- 
terial...” 

Table II.—Delete in their entirety 
the sections of the table headed “B. 
Apparel Wool, Domestic” and Carpet 
Wool.” 


Tentative Method of Test for Abrasion 
Resistance of Textile Yarns (D 
1379 — 55 T): 


Title—Change to read “Tentative 
Recommended Practice for Operating 
Machine for Testing Abrasion Resistance 
of Textile Yarns.” 

Section 1.—In Paragraphs (a) and (6) 
in the first line, change the word 
“method” to read “recommended prac- 
tice.” In Paragraph (e) change the word 
“quantitatively” to read “qualitatively.” 

Section 3.—Change the boldface 
heading to read “Principle.” In the first 
sentence change “abrasion method” to 
read “abrasion test.” 
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Committee D-14 on Adhesives held 
two meetings during the year: on Oct. 
13 and 14, 1960, in Chicago, Ill., and on 
March 16 and 17, 1961, in Washington, 

At the fall meeting, an informal talk 
was given by W. Thompson of the Ar- 
gonne Laboratories on “Design of Re- 
mote Control Units for Reactors.” 
At the spring meeting, R. Stromberg of 
the National Bureau of Standards spoke 
on “Adsorption of Polymers.” 

At the spring meeting, the committee 
voted to accept the responsibility of 
administering an ASTM Adhesives 
Award under the sponsorship of Adhe- 
sives Age. An Award Committee was 
appointed to determine procedure and 
to select a recipient for the first award. 

The committee consists of 140 mem- 
bers, of whom 54 are classified as pro- 
ducers, 60 as consumers, and 26 as gen- 
eral interest members. 

Due to the death of the Chairman, 
J. E. Rutzler, Jr., a new election for 
chairman and vice-chairman was held at 
the fall meeting which resulted as fol- 
lows: 

Chairman, A. A. Marra. 

Vice-Chairman, N. J. DeLollis. 

In line with a reorganization of Com- 
mittee D-14 toward well-defined end 
use or materials subcommittees, sup- 
ported by service subcommittees, Sub- 
committee V on Specifications which 
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has been both, now has been reorgan- 
ized to concern itself with end-use con- 
siderations of special adhesives that 
do not command the attention of the 
other materials subcommittees. Sub- 
committee V on Special Adhesives will 
function also as an initiator of new end- 
use groups. The section on Sampling 
has been transferred to Subcommittee I 
on Strength Tests. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1960 Annual 
Meeting, Committee D-14 presented to 
the Society through the Administrative 
Committee on Standards a proposed 
Tentative Recommended Practice for 
Atmospheric Exposure of Adhesive- 
Bonded Joints and Structures. The 
recommended practice was accepted by 
the Society on May 10, 1961, and has 
been assigned the designation D 1828 - 
61 T. 


New TENTATIVES 


The committee recommends for pub- 
lication as tentative the following 
methods, specification, and recom- 
mended practice as appended hereto:! 


Tentative Methods of Test for: 


Permanence of Adhesive-Bonded Joints in Ply- 
wood Under Mold Conditions, 
Peel Resistance of Adhesives (T-Peel Test), 


1 The new tentatives appear in the 1961 Book 
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Density of Adhesives in Fluid Form, and 
Pressure-Sensitive Tack of Adhesives. 


Tentative S pecification for: 
Water- or Solvent-Soluble Liquid Adhesives for 


Automatic Machine Sealing of Top Flaps of 
Fiberboard Shipping Cases. 


Tentative Recommended Practice for: 


Exposure of Adhesive Specimens to High-Energy 
Radiation. 


REVISIONS OF TENTATIVE 


The committee recommends revisions 
as follows of the Tentative Methods of 
Test for Resistance of Adhesives for 
Wood to Cyclic Laboratory Aging 
Conditions (D 1183-55 T)? and con- 
tinuation of the methods as tentative. 

Title—Change to read: “Tentative 
Methods of Test for Resistance of Ad- 
hesives to Cyclic Laboratory Aging 
Conditions.” 

Section 1.—In the first sentence de- 
lete the words “for wood.” Change the 
third sentence to read as follows: 


This method is intended for use with speci- 
mens described in approved strength test meth- 
ods for adhesives such as the Method of Test for 
Cleavage Strength of Metal-to-Metal Adhesives 
(ASTM Designation: D 1062); Method of Test 
for Impact Strength of Adhesives (ASTM Desig- 
nation: D 950); Method of Test for Peel or Strip- 
ping Strength of Adhesives (ASTM Designation: 
D 903); Method of Test for Strength of Ad- 
hesives on Flexural Loading (ASTM Designa- 
tion: D 1184); Method of Test for Strength 
Properties of Adhesives in Plywood Type Con- 
struction in Shear by Tension Loading (ASTM 
Designation: D 906); Tentative Method of Test 
for Strength Properties of Adhesives in Shear by 
Tension Loading (Metal-to-Metal) (ASTM 
Designation: D 1002); Method of Test for 
Tensile Properties of Adhesives (ASTM Desig- 
nation: D 897); and the Method of Testing 
Cross-Lap Specimens for Tensile Properties of 
Adhesives (ASTM Designation: D 1344). 


TENTATIVE REVISIONS OF STANDARD 


The committee recommends tenta- 
tive revisions as follows of the Standard 


21958 Book of ASTM Standards, Part 6. 


Definitions of Terms Relating to Adhe- 
sives (D 907 - 60):? 


Add the following new definitions: 


Failure, Adhesive.—Rupture of an adhesive 
bond, such that the plane of separation ap- 
pears to be at the adhesive-adherend interface 
(See Failure, Cohesive and Failure, Adherend.) 

Failure, Cohesive.—Rupture of an adhesive 
bond, such that the separation appears to be 
within the adhesive (See Failure, Adhesive 
and Failure, Adherend.) 

Failure, Adherend.—Rupture of an adhesive 
bond, such that the separation appears to be 
within the adherend (See Failure, Adhesive 
and Failure, Cohesive.) 

Note.—Examples of adherend failure are 
wood failure and fiber tear in paper. 

Failure, Contact.—Failure of an adhesive joint 
due to incomplete contact, during bonding, 
between adhesive and adherend or between 
adhesive surfaces. 

Note.—Incomplete contact may be due to 
insufficient flow or fusion of adhesive, non- 
uniform application of adhesive, poorly fitting 
adherends, etc. 

Film, Adhesive, Supported.—An adhesive 
supplied in a sheet or in a film form with an 
incorporated carrier that remains in the bond 
when the adhesive is applied and used. 

Note.—The carrier may be woven or non- 
woven material comprised of organic or in- 
organic fibers. 

Film, Adhesive, Unsupported.—An adhesive 
supplied in sheet or film form without an in- 
corporated carrier. 


ADOPTION OF TENTATIVES AS STANDARD 
WitHovut REvISsION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 


Tentative Method of Test for: 


Measuring the Hydrogen Ion Concentration of 
Dry Adhesive Film (D 1583 - 58 T),? and 

Effect of Moisture and Temperature on Ad- 
hesive Bonds (D 1151 - 58 T).? 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
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Standard Methods of Test for: 

Tensile Properties of Adhesives (D 897 — 49), 

Applied Weight per Unit Area of Dried Ad- 
hesive Solids (D 898 - 51), 

Applied Weight per Unit Area of Liquid Ad- 
hesive (D 899 - 51), 

Peel or Stripping Strength of Adhesives (D 903 - 
49), 

Impact Strength on Adhesives (D 950 — 54), 

Cleavage Strength of Metal-to-Metal Adhesives 
(D 1062 - 51), 

Blocking Point of Potentially Adhesive Layers 
(D 1146 — 53), and 

Effect of Bacterial Contamination, on Perma- 
nence of Adhesive Preparations and Adhesive 
Bonds (D 1174-55). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the fol- 
lowing tentatives: 


Tentative Methods of Test for: 


Strength Properties of Adhesives in Shear by 
Tension Loading (Metal-to-Metal) (D 1002 - 
53 T), 

Susceptibility of Dry Adhesive Films to Attack 
by Roaches (D 1382 - 55 T), 

Susceptibility of Dry Adhesive Films to Attack 
by Laboratory Rats (D 1383-55 T), and 

Nonvolatile Content of Urea-Formaldehyde 
Resin Solutions (D 1490 - 57 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


ACTIVITIES OF SUBCOMMITTEES 


Subcommiticee I on Strength Tests 
(C. Dahlquist, chairman), has com- 
pleted the proposed Tentative Method 
of Test for Peel Resistance of Adhesives 
(T-Peel Test) referred to earlier in this 
report. The subcommittee is continuing 
to work on improvement of the butt ten- 
sion method, the torsional shear method, 


3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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which have stood for six or more years 
without revision: 


and the compression shear method, Work 
is also in progress on a static cleavage 
method. 

Subcommitiee III on Permanence 
(H. R. Butzlaff, chairman), has com- 
pleted three recommendations: a re- 
vision of Methods D 1183, the proposed 
Tentative Method of Test for Perma- 
nence of Adhesive-Bonded Joints in 
Plywood Under Mold Conditions; and 
the new Tentative Recommended Prac- 
tice for Atmospheric Exposure of Ad- 
hesive-Bonded Joints and Structures 
(D 1828-61 T), all referred to earlier 
in this report. Work is also in progress 
to revise Method D 896. 

Subcommittee IV on Working Proper- 
ties (N. J. DeLollis, chairman), has two 
methods, on determination of flow and 
on penetration, ready to submit to 
Committee D-14 letter ballot. Action 
is getting under way on a method to 
determine open assembly time. 

Subcommittee V on Special Adhesives 
(M. Petronio, chairman), has com- 
pleted a specification on poly (vinyl 
acetate) resin emulsion adhesive and it is 
ready for Committee D-14 letter ballot. 
Activity continues on developing speci- 
fications for general purpose (mending) 
adhesives, optical adhesives, and shoe 
adhesives. 

Subcommitiee VI on Nomenclature 
(F. H. Wetzel, chairman), continues to 
develop definitions of “maturing tem- 
perature,” “‘fillet,” “telegraphing,” and 
“photographing” after two attempts 
to get approval of Committee D-14. 
The Subcommittee has written defi- 
nitions for “batch,” “manufactured 
unit,” “solvent - activated adhesive,” 
“heat-activated adhesive,” “dry bond 
adhesive,” and “multiple layer adhe- 
sive” for committee approval. 

Subcommittee VII on Research Prob- 
lems (C. B. Hemming, chairman), con- 
tinues to explore the subject of adhesion 
—what is it? F. W. Reinhart led a very 
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lively discussion at uhe October meeting 
on this subject. 

Subcommittee VIII on Electrical Prop- 
erties (G. F. Lipsey, chairman), has 
prepared a tentative method for meas- 
uring conductivity of conductive ad- 
hesives for subcommittee letter ballot. 

Subcommittee X on Wood Adhesives 
(R. F. Blomquist, chairman), is con- 
sidering a revision of Method D 905. 
The effect of the angle of the grain of 
the wood to the glue. line has been 
studied and suggests the need for some 
revision in cutting test specimens in 
this test. Also under consideration are 
modification of existing delamination 
tests to be applicable directly to evalua- 
tion of adhesives used. Revision of 
Method D906 is under review. Par- 
ticular items being considered are the 
change in thickness of veneer required 
and changes in cutting test specimens 
from bonded panels to compensate for 
the effects of lathe checks in the veneer 
on joint strength. 

A method to determine the free for- 
maldehyde content of particle board 
binders is under review. Consideration 
is being given to methods of evaluating 
binders without making and testing 
boards. Creep tests and peel tests are 
being reviewed and modified for use 
in evaluating wood adhesives, particu- 
larly for new bonded wood products. 

The West Coast group of this sub- 
committee has revised Method D 1490 
for committee approval. 

Subcommiitee XI on Metal Bonding 
Adhesives (R. L. Patrick, chairman).— 
The West Coast group under S. Yu- 
renka has prepared four test methods 
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and has submitted them to the East 
Coast group for review, editing, and 
submission to letter ballot of the sub 
committee: creep properties of adhesives 
in tensile shear in the temperature range 
of —67 F to 500 F (metal-to-metal); 
strength properties of adhesives in shear 
by compression loading (metal - to - 
metal); strength properties of adhesives 
in shear by tension loading in the tem- 
perature range of 600 F to 1500 F 
(metal-to-metal); and creep properties 
of adhesives in shear by compression 
loading (metal-to-metal). 

Subcommittee XII on Adhesives for 
Plastics (M. Bodnar, acting chairman), 
is working with Subcommittee I to 
broaden certain test methods to make 
them apply also to the testing of bonded 
plastics. Methods being considered ini- 
tially for revision include D897 and 
D 1002; the suggested revisions will 
be submitted to subcommittee letter 
ballot prior to the next meeting. 

A recommended practice for prepara- 
tion of surfaces of plastics prior to ad- 
hesive bonding has passed D-14 letter 
ballot with minor revisions indicated. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 140 members; 99 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
A. A. Marra, 
Chairman. 
Peat hey 


fast 


G. S. CASEBOLT, 
Secretary. 


EpitorR1AL NOTE 


Al Subsequent to the Annual Meeting, Committee D-14 presented to the Society through 


the Administrative Committee on Standards the recommendation that the Method of 
Test for Penetration of Adhesives be published as tentative. This recommendation was 
accepted by the Standards Committee on November 7, 1961, and the new method is 


available as a separate reprint bearing the designation D 1916 - 61 T. 
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Committee D-15 on Engine Anti- 
freezes held one meeting during the 
year: April 12, 1961, in Washington, 
D. C. Subcommittee meetings were held 
on November 9 and 10, 1960, in New 
York City and on April 11 and 12, 1961, 
in Washington, D. C. 

Six members resigned and eight mem- 
bers were elected to membership on the 
committee during the year. The com- 
mittee now has 54 participating indi- 
viduals, representing 39 voting members, 
of whom 13 are classified as producer, 17 
are classified as consumer, and 9 as 
general interest members. 


New TENTATIVES 


The committee recommends for publi- 
cation as tentative the following methods 
as appended hereto: 


Tentative Methods of: 


Glassware Test for Foaming Tendencies of 
Engine Antifreezes, and 

Test for Effect of Antifreeze Solutions on Or- 
ganic Finishes for Automotive Vehicles. 


Tentative Recommended Practice for: 


Selection of Engine Antifreeze for Use in Auto- 
motive Cooling Systems, Ethylene Glycol and 
Methanol Types. 


REVISION OF TENTATIVE 


The committee recommends revisions 
as appended hereto* of the Tentative 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 

! The new tentatives appear in the 1961 Book 
of ASTM Standards, Part 8. 

2The revised method appears in the 1961 
Book of ASTM Standards, Part 8. 
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Method for Glassware Corrosion Test 
for Engine Antifreezes (D 1384 - 55 T)* 
and continuance of the method as 
tentative pending consideration of fur- 
ther revisions. 


ADOPTION OF TENTATIVE AS STANDARD 
WITHOUT REVISION 


The committee recommends that the 
Tentative Specifications for Hydrom- 
eter-Thermometer Field Tester for En- 
gine Antifreezes (D1124-58T)* be 
approved for reference to letter ballot 
of the Society for adoption as standard 
without revision. 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for more than six 


years without revision. hit 


Standard Method of Test for: wy 

Freezing Point of Aqueous Engine Antifreeze 
Solution (D 1177 — 54), 

Boiling Point of Engine Antifreezes (D 
1120 - 53), and 

Reserve Alkalinity of Concentrated Engine 
Antifreezes (D 1121 - 54). 


Standard Method for: 


Sampling and Preparing Aqueous Solutions of 
Engine Antifreeze for Testing Purposes 
(D 1176 - 54). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 

31958 Book of ASTM Standards, Part 8. 

* The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Physical Proper- 
ties (C. M. White, chairman) prepared 
the Method for the Effect of Antifreeze 
on Organic Finishes for Automotive 
Vehicles referred to earlier in the report. 

Subcommitiee IV on Chemical Proper- 
lies (E. F. Harford, Chairman): 

Study Group on Glycol Analysis (J. W. 
Compton, chairman) has considered gas 
chromatographic methods for the analy- 
sis of glycols, and is preparing an article 
on this subject for publication in Ma- 
terials Research & Standards. 

Subcommittee V on Effect of Antifreeze 
on Rubber Hose (R. C. Barker, chairman) 
found that burst test methods under 
investigation appeared to evaluate the 
reinforcing fabric rather than the effect 
sought. 

Subcommittee VI on Simulated’ and 
Actual Service Testing (C. H. Sweatt, 
chairman): 

Study Group on Glassware Test Methods 
(E. L. Gibson, chairman) prepared the 
revision of the Glassware Corrosion Test 
(D 1384), referred to earlier in the report, 
in the light of new conditions, materials, 
and practices, and has further work in 
view. This group also prepared the new 
Glassware Foaming Test which is re- 
ferred to earlier. 

Study Group on Simulated Service Test 
Methods (V. O. Hatch, chairman) has 


conducted two interlaboratory test 
studies on the apparatus previously 
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adopted and is making changes suggested 
by the revisions of the Glassware Corro- 
sion Test (D 1384). 

Subcommitiee VII (B. E. Tiffany, 
chairman) prepared the Recommended 
Practice for the Selection of Antifreeze 
referred to earlier in the report. It has 
also been working with the Society of 
Automotive Engineers in the preparation 
of a report on specifying engine anti- 
freezes. 

Subcommittee VIII on Editorial and 
Coordination of Test Methods (Gus Kauf- 
man, chairman) recommended the revi- 
sion of ASTM STP No. 120 referred to 
below. 

Study Group on Revision of STP No. 
120 on Selection and Use of Engine Anti- 
freeze (C. M. White, Chairman) is revis- 
ing and bringing up to date the informa- 
tion contained in Special Technical 
Publication No. 120 on The Selection 
and Use of Engine Antifreezes. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 39 voting members; 37 mem- 
bers returned their ballots, of whom 36 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
R. E. VocEL, 
Chairman. 
W.D.McMasTeR, 
Secretary. 
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REPORT OF COMMITTEE 
INDUSTRIAL AROMATIC HYDROCARBONS 


Committee D-16 on Industrial Aro- 
matic Hydrocarbons and Related Mate- 
rials and its subcommittees held two 
meetings during the year: on June 29 
to July 1, 1960, in Atlantic City, N. J., 
and on February 8 to 10, 1961, in Phila- 
delphia, Pa. 

At the close of the February meeting, 
the committee consisted of 89 members, 
of whom 68 were voting members; 34 
were classified as producers, 27 as con- 
sumers, and 7 as general interest mem- 
bers. 


PROPOSED METHODS TO BE PUBLISHED 
AS INFORMATION 


The committee recommends for pub- 
lication as information only the following 
proposed methods: 


Proposed Method of Test for: TOP 
Aldehydes in Styrene Monomer, 
Solubility of Styrene Polymer, 
Inhibitor, 4-Teri-Butylcatechol in Styrene 


Monomer, and 
Polymer Content of Styrene Monomer. 


REVISION OF TENTATIVE 


The committee recommends revisions 
as follows of the Tentative Method of 
Test for Traces of Thiophene in Benzene 
Using Isatin and Spectrophotometry 
(D 1685 - 59 T)2 


* Sixty-fourth Annual Meeting of the So- 
ciety, June 25-30, 1961. 

1The proposed methods appear in the 1961 
Compilation of ASTM Standards on Benzene, 
Toluene, Xylene, and Solvent Naphtha. 

21959 Supplement to Book of ASTM 
Standards, Part 8. 
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Section 6.—Change the heading of this 
section to read, “Preparation of Reagent 
Blank and Sample Blank.” Change the 
first sentence of Section 6 (b) to read, 
“Prepare a sample blank in accordance 
with the procedure of Section 8 (0), 
except that the isatin shall not be added 
to the sample or to the reagent blank.” 

Section 8(e).—Change the first sen- 
tence to read, “Determine the absorb- 
ance of the sample blank using the rea- 
gent blank without isatin present as a 
reference (Section 6(0)).” 

Section 9.—Add a new Table I as 
shown in the accompanying Table I. 
Add a reference to this new Table I at 
the end of the definitions for A and B in 
the equation. Renumber the present 
Table I as Table II. 

Section 10.—Change Note 2 to read 
as follows: 


Nore 2.—The precision limits given in Table 
II are based on data published in the Appendix 
to D 1685, ASTM Standards, Part 8, 1959 
Supplement. 


A ppendix.—Delete the appendix. 

Capitalize or use italics for the words 
“Sample Blank” and “Reagent Blank” 
wherever they appear throughout the 
text. 


ADOPTION OF TENTATIVE AS STANDARD 
WitHout REVISION 


The committee recommends that the 
Tentative Method of Test for Color of 
Solid Aromatic Hydrocarbons and Re- 
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TABLE I. 

Quantity Spectrophotometric Cell Solutions 
in Equa- 

tion of 
Section 9 Solution in Cell versus Solution in Reference Cell 

A= H2S0,; Fe2(SO,)3; Isatin (after con- versus H2SQy; Fee(SO,)3; Isatin (Reagent 

tact with sample, Sect. 8(b)) Blank, Sect. 6(a)) 
B= H2SO,; Fe2(SO,)s (after contact with versus H2SO.; (Reagent Blank 


sample—sample blank, Sect. 6(b)) 


without isatin, Sect. 8(e)) 


lated Materials in the Molten State 
(Platinum-Cobalt Scale) (D 1686-59 
T)? be approved for reference to letter 
ballot of the Society for adoption as 
standard without revision. 


EDITORIAL CHANGES 


The committee recommends editorial 
changes as indicated in the following 
tentative and standard: 

Standard Method of Test for Distilla- 
tion of Industrial Aromatic Hydrocar- 
bons (D 850 — 56):° 
Table I—Extend the table as follows: 


Name Reng, dos 

mometer Cent 

102C | Solvents distilla- [123 to 177) 0.2 

103C solvents distilla- {148 to 202) 0.2 

104C Solvents distilla- to 227) 0.2 

105C Solvents distilla- |198 to 252) 0.2 
ion 


Tentative Method of Test for Water 
in Phenol and Related Materials by 
the Iodine Reagent Method (D 
1631 - 59 T)2 
Section 2.—Change 


SO2 

tk 

toread 


31958 Book of ASTM Standards, Part 8. 


Note 1.—Change to read as follows: 

Nore 1.—In place of the divided reagents 
described in Sections 5(a) and (c) it is permissible 
to employ the single-solution reagent specified 
in the Method of Test for Water in Lacquer 
Solvents and Diluents (ASTM Designation: 
D 1364). This reagent should be used with a 
sample solvent consisting of pyridine with or 
without methanol or ethylene glycol. If ketones 
are present in the sample, interference from 
them can be avoided by employing the D 1364 
reagent together with the glycol-pyridine 
sample solvent specified in that method. 


Note 2.—Change to read as follows: 


Nore 2.—Stabilized divided and __single- 
solution Karl Fischer reagents are available 
from laboratory supply houses, and may also 
be used. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee A on Monocyclic Aro- 
matics (K. M. Brown, chairman) has 
conducted collaborative testing on a re- 
vised shaking procedure for Method D 
848 and on a colorimetric method for 
the determination of trace amounts of 
carbon disulfide in benzene. The sub- 
committee is also considering revisions 
of Methods D 1685, D 891, and D 1555 
as well as expansion of scope of the 
latter method to include styrene. The 
styrene task group plans collaborative 
testing of the methods for inhibitor, 
aldehydes, polymer content, and solu- 

4 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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bility of polymer and is preparing 
methods for chlorine, sulfur, and perox- 
ides in styrene. 

Task groups are investigating gas 
chromatographic procedures for satu- 
rated impurities and methods for trace 
sulfur in benzene, toluene, and xylene. 
New task groups have been formed to 
study the suitability of present ASTM 
specifications for benzene, toluene, and 
xylene and to devise a gas chromato- 
graphic method for xylene isomers. 

Subcommittee B on Polycyclic Aroma- 
tics (M. Mitchell, chairman) has con- 
ducted further cooperative tests of re- 
fined naphthalene solidification points 
using the National Bureau of Standards 
naphthalene thermometric standard. A 
proposed method for evaporation residue 
of crude naphthalene will soon undergo 
collaborative testing. A proposed pho- 
tometric method for acid wash color of 
naphthalene is in preparation. The 
determination of sulfur in crude naph- 
thalene is also being investigated. 

Subcommittee C on Phenolic Compounds 
(D. F. Pontz, chairman) has coopera- 
tively tested a cloud point method for 
water solubility of phenol. Also under- 
going study are methods for water con- 
tent, distillation, oil content, and solidi- 
fication point of tar acids. A task group 
continues activity on phenol assay. 

Subcommittee D on Nitrogen Hetero- 
cyclics (R. F. Shertzer, chairman) is 
continuing the development of methods 
for color, water solubility, reducing 
substances, and oil content of refined 
pyridine. 

Subcommittee E on Thermomeiry (M. 
Lapeyrouse, chairman) has continued 
activity on problems related to the Na- 
tional Bureau of Standards’ thermo- 
metric standards, particularly the one 
for phthalic anhydride. 

Progress has also been made in select- 
ing a series of overlapping narrow range 
partial immersion distillation thermome- 
ters to replace thermometer 42C and 


in selecting a wide-range thermometer 
for tar acids distillations. 

Subcommitiee F on Editorial and No- 
menclature (E. T. Scafe, chairman) edi- 
torially reviewed all methods devised 
by the other subcommittees and pre- 
pared new drafts of scope and the regu- 
lations governing Committee D-16. 

Subcommitiee G on Statistical Proce- 
dure (W. J. Tancig, chairman) served 
as a consultant to other subcommittees 
with statistical problems. 

Subcommittee H, American Group 
for ISO/TC 78 on Aromatic Hydrocar- 
bons (K. M. Brown, chairman) has 
prepared comments on draft British 
standard specifications and prepared a 
draft of a proposed procedure for hand- 
ling ISO TC/78 matters with the ASA 
and ASTM Committee D-16. 

Subcommitiee I on Phthalic Anhydride 
(O. E. Knapp, chairman) has adopted 
an aluminum heating block and will 
soon begin collaborative testing of the 
color of phthalic anhydride in the molten 
state and after heating. Phthalic anhy- 
dride solidification point testing awaits 
resolution of problems with the thermo- 
metric standard. 

Subcommittee J on Handling and 
Sampling (W. J. Tancig, chairman) was 
organized in February, 1961, and is now 
formulating a program of work. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 66 voting members; 57 mem- 
bers returned their ballots, of whom 48 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 


W. E. Sisco, 


° 
Chairman. 


K.H. FERBER, 
Secretary. 
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Committee D-17 on Naval Stores 

held two meetings during the year: 
on June 29, 1960, in Atlantic City, 
N. J., and on February 28, 1961, in 
Jacksonville, Fla. The latter meeting 
was held jointly with the Technical 
Committee, Tall Oil Division of the 
Pulp Chemicals Assn. in view of the 
mutual interest of the two groups in 
tall oil and rosin products. 
The following new members were 
added to the committee during the year: 
B. L. Hampton, Nelio Resins Inc.; 
H. E. McLaughlin, Newport Industries; 
E. A. Bried, Hercules Powder Co.; 
and R. A. Reck, Armour Industrial 
Chemical Co. (replacing V. A. Franklin, 
deceased). Resignations were received 
from H. J. Blank, Zophar Mills; N. R. 
Craig, U. S. Dept. of Agriculture; L. A. 
Goldblatt, U. S. Dept. of Agriculture; 
Foster Dee Snell, Foster Dee Snell, Inc.; 
and I. E. Knapp, retired. 

The committee consists of 27 mem- 
bers, of whom 11 are classified as pro- 
ducers, 7 as consumers, and 9 as general 
members. 


The committee recommends for im- 

: mediate adoption revisions as indicated 
of the following standards, and accord- 

ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 

in order that the revisions may be re- 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 
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ferred to letter ballot vote of the Soci- 
ety: 


Standard Methods of Testing Tall Oil 
(D 803 - 58)! 


Section 6.—Replace this section with 
the following new Sections 6, 7, and 8, 
renumbering the present Sections 7 
and 8 and subsequent sections accord- 
ingly: 

Apparatus 


6. The viscosity of tall oils that contain no 
crystals at 25 C can be measured by means of 
the Gardner-Holdt bubble tubes. These tubes 
shall be of clear glass with a closed, flat, even 
bottom and shall have the following approximate 
dimensions and markings: 

(1) A uniform internal diameter through- 
out the length of the tube of 10.65 ml, 

(2) An internal length of 112 mm, 

(3) An etched line around the outside of the 
tube 5 mm from the open end, and 

(4) A second etched line around the outside 
of the tube 13 mm from the open end. 

The tubes shall provide results that are in 
agreement with the data shown in Table I. 


Procedure 


7. (a) Fill the tube with the sample, free of 
solid particles or air bubbles, so that the ap- 
parent upper edge of the liquid meniscus is even 
with the lower etched line on the tube. 

(b) Bring the filled, stoppered tube to equi- 
librium at 25 + 0.25 C (77 + 0.45 F). Invert 
the tube and allow to remain inverted for twice 
the anticipated bubble time in order to bring 
the bubble to complete rest in the inverted tube. 
Quickly revert the tube to upright position, 
still at 25 C and, with the tube exactly vertical, 
carefully note the time, to 0.1 sec, for the bubble 
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to rise until the first sign of its deformation 
against the cork. This procedure is repeated and 
the two times averaged. 


Report 


8. (a) The average of the two times is re- 
ported as the viscosity in Gardner seconds. The 
result is reported to the nearest 0.1 sec if the 
time is less than 10.0 sec, and to the nearest 
second if the time is 10.0 sec or more. This time, 
in seconds, may be translated to viscosity in 
stokes as follows: 


| 0.5 puny 


TABLE I.—GARDNER-HOLDT LETTER 
DEFINITIONS OF VISCOSITY REFER- 
ENCE STANDARDS. 


(New Table I, Methods D 803) 


Letter | Stokes = Letter | Stokes - 

A5....| 0.00505) ... | Q...... 4.35) 6.0 
A3....| 0.144 5.0| 6.8 
A2....| 0.220 5.5 | 7.6 
Al....} 0.321 the 6.27) 8.6 
| 0.65 10.7 | 14.7 
0.85 12.9) 17.7 
1.40 27.0 | 37.0 
1.65 36.2 | 50.0 
ae 2.00 2.8 | Z3.. 46.3 | 63.0 
2.25 3.1 | Z4.. 63.4 | 87.0 
| 2.50 3.4 ZS5..... 98.5 |135.0 
2.75 3.8 Z6..... 148 202.0 
3.00 388 owe 

M.. 3.20 4.4] Z8..... 590 

N... 3.40 855 bs 

3.70 5.1 Z10. 1066 

4.00 5.5 

where: 


V, = viscosity in stokes, and 
T = time in seconds. 

Reasonable accuracy is obtained by multi- 
plying time in seconds by 0.73 on materials 
having a viscosity greater than 1.5 stokes. 

(b) Precision.—When using this method an 
operator can duplicate results to within +5 per 
cent, and agreement between different operators 
is within +10 per cent, except at the limits of 
this method of measurement. 

(c) For convenience, the results are some- 
times reported by Gardner-Holdt letters. These 
are as defined in Table I. 
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= 
New Table I—Add a new Table I 
as shown in the accompanying Table I. 
Sections 9 to 12.—Delete these sec- 
tions, which cover color by the Lovi- 
bond Method, deleting also Table I 
and Footnote 6. 

Section 13.—Replace this section with 
the following new Sections 11, 12, and 
13, renumbering the subsequent sections 
accordingly: 
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Color Reference Standards — 

11. (a) Primary standards for color compari- 
son consist of 18 solutions of varying amounts of 
pure powdered K2Cr2O; dissolved in pure H2SO, 
(sp gr 1.84). Each solution is prepared from the 
amounts prescribed in Table II. Gentle heat 
may be applied, if necessary, to effect solution 
of the dichromate. 

(b) Since the KeCreO;-H2SO, solutions must 
be freshly made for this color comparison, it is 
more convenient to compare samples with a 
series of permanent solutions, which are called 
“Gardner-1933 Standards” and are defined as 
solutions blended in the proportions prescribed 
in Table II from the following stock solutions: 

(1) Ferric Chloride Solution—Prepare a 
solution containing approximately 5 parts by 
weight of FeCl;-6H:O and 1.2 parts of HCl 
(1:17). Adjust to exact color equivalence to a 
freshly prepared solution containing 3 g of 
K2Cr.0; in 100 ml of H2SO, (sp gr 1.84). 

(2) Cobalt Chloride Solution.—Prepare a 
solution containing 1 part by weight of CoCl- 
6H;0 to 3 parts of HCI (1:17). 

(3) Hydrochloric Acid (1:17). 


Procedure 


12. Determine the color by comparison with 
the reference standard solutions prescribed in 
Table II, conveniently by comparing the sample 
and the standard in Gardner-Holdt viscosity 
tubes, described in Section 6. Make the com- 
parison at 25 + 5C by placing the tubes close 
together and looking through them against a 
background which is substantially equal in 
color to the northern sky. 

Note.—Secondary reference standards may 
be obtained in the form of 18 colored glass disks, 
which are set into a pair of larger, plastic disks 
and the latter mounted to rotate in a housing 


1 
ad 


for holding the sample tvbe and glass disk in 
close and fixed proximity.” 
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13. The color shall be reported in terms of 
one of the 18 Gardner standards that is nearest 
to it in color. For example, No. 4 would indi- 
cate that the color of the sample was nearest to 
that of Gardner standard No. 4. 


New Table II—Add a new Table II 
as shown in the accompanying Table II. 


TABLE II.—REFERENCE STANDARD 
COLOR SOLUTIONS. 


(New Table II, Methods D 803) 


Composition of Gardner | Composition 
Standards 
1933) 

dard | Ferric | Cobalt |ttydrogen| Potassium 
No. | Chloride | Chloride | Chloride| Dichroma 
Solution, |Solution, | Solution,| 

ml ml 
acid 

Dis sired 0.13 | 0.19 | 99.68 | 0.0039 
0.19 | 0.29 | 99.52 | 0.0048 
0.29 | 0.43 | 99.28 | 0.0071 
0.43 | 0.65 | 98.92 | 0.0112 
ee 0.65 | 0.97 | 98.38 | 0.0205 
1.00} 1.3 | 97.7 | 0.0322 
ane 1.7 | 1.7 | 96.6 | 0.0384 
2.5 | 2.0 | 95.5 | 0.0515 
RSF 3.3 | 2.6 | 94.1 | 0.0780 
5.1 | 3.6 | 91.3 | 0.164 
ee 7.5 5.3 | 87.2 0.250 
10.3 | 7.6 | 81.6 | 0.380 
a 16.6 | 10.0 | 73.4 | 0.572 
| Re 22.2 | 13.3 | 64.5 | 0.763 
29.4 | 17.6 | 53.0 | 1.041 
SRE 37.8 | 22.8 | 39.4 | 1.280 
ee 51.3 | 25.6 | 23.1 | 2.220 
100.0 0.0 0.0 3.000 


Sections 51 to 55—Delete these sec- 
tions, which cover determination of rosin 
acids by the McNicoll Method, re- 
numbering Sections 56 through 62 as 
Sections 51 through 57. 


REAPPROVAL OF STANDARDS 
The committee recommends the re- 


2 The pair of disks and a comparator housing 
may be obtained as Set 605-VC from Hellige, 
Inc., 3718 Northern Boulevard, Long Island 
City, N. Y. Although these disks are marked 
“Hellige” they should not be confused with the 
Hellige (1930) series of color standards which 


are designated 1L, 1, 2L, 2, ete. The recommendations in this report 
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approval of the following standards 
which have stood for six or more years 
without revision: 


Specifications for: 

Spirits of Turpentine (D 13 - 51). Sian Smitha 


eal 

Test for Toluene Insoluble Solid Matter in 
Rosin (Chiefly Sand, Chips, Dirt, and Bark) 
(D 269 - 52), 

Sampling and Testing Pine Tars and Pine Tar 
Oils (D 856 — 49), 

Test for Ash in Rosin (D 1063-51), and 

Test for Rosin Acids in Fatty Acids (D 1240 - 
54). 


TENTATIVE CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the Tenta- 
tive Methods of Test for Fatty Acids 


Content of Tall Oil Rosin (D 1585 - ‘58 


T). 
EpITORIAL CHANGES 


The committee recommends the fol- 
lowing editorial change in the Standard 
Methods of Sampling and Grading Rosin 
(D 509-55):! 


Section 2(e).—Add to Footnote 3 the 
following paragraphs: 


In circumstances where an applicant is un- 
able to obtain the loan of a set of the U.S. Rosin 
Standards, because of the limited number of 
sets in existence, secondary sets are available. 
Lovibond “U.S.” rosin standards are manu- 
factured by Tintometer, Ltd., Salisbury, Eng- 
land. The United States agents for Tintometer, 
Ltd. is Hayes G. Shimp, Inc., 866 Willis Ave., 
Albertson, L. I., New York. 

These standards are excellent duplicates of 
the U.S. Rosin Standards but could not be 
classified as identical. The Lovibond standards 
do not have official recognition by the U.S. 
Department of Agriculture. A certificate may be 
obtained, however, at a cost of $10.00 from the 
Naval Stores Branch, Agricultural Marketing 
Service, attesting to the degree with which a set 
compares visually with the master set of the 
Official U.S. Rosin Color Standards.” 


~ 
| 
¥ 


have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting. 


ACTIVITIES OF SUBCOMMITTEES 


Methods for most of the products 
under jurisdiction of the committee 
are fairly well established. Current 
activities of the subcommittees have 
been concerned mainly with tall oil and 
its products, on which the committee 
is working cooperatively with the Tall 
Oil Division of the Pulp Chemicals Assn. 

Subcommittee IV on Chemical Analysis 
of Rosin (H. E. McLaughlin, chairman) 
has been studying the precision of 
results obtained in collaborative tests 
with Method D 1585-58T, and is 
recommending continuation of this 
method as tentative. It is further recom- 
mending that Method D 509-55 be 
continued as standard with inclusion of a 
note on the availability of secondary 
rosin color standards; also that Methods 
D 269-52 and D1163-51 be reap- 
proved as standard without change. 

Subcommittee V on Tall Oil (J. J. Owen, 
chairman) is recommending that Method 
D 803-56 be continued as standard 
with inclusion of the Gardner-Holdt Vis- 
cosity and the Gardner Color Methods 
previously referred to in Committee 
D-1’s former Method D 154, and that 
the Lovibond Color and the McNicoll 
Rosin Acids Methods be deleted from 
Method D 803. 

3 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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It is recommending that Method 
D 1240 - 54 be reapproved as standard 
without change. 

The committee is cooperating with 
Group 7, Subcommittee IX of Committee 
D-1 on Paint, Varnish, Lacquer, and 
Related Products; and with the Tech- 
nical Committee, Tall Oil Division of 
the Pulp Chemicals Assn. on developing 
a method or methods for determining 
rosin in coating vehicles. 

Subcommittee VII on Terpene Hydro- 
carbons and Pine Oil (R. E. Price, chair- 
man) is recommending that Specifica- 
tions D 13 51 be reapproved as stand- 
ard without change. 

Subcommittee IX on Nomenclature 
and Definitions (J. L. Boyer, chairman) 
is cooperating with the Technical Com- 
mittee, Tall Oil Division of the Pulp 
Chemicals Assn., in studying a glossary 
of terms and definitions for tall oil 
products for possible inclusion in Defi- 
nitions D 804 - 57. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 26 members; 17 members 
returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


VA A 
7 R. SNIDER, 


Chairman. 
W. A. 4 
Secrelary. oo) 
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Committee D-18 on Soils for Engineer- 
ing Purposes held one meeting in Atlan- 
tic City, N. J., on June 29, 1960, during 
the Annual Meeting of the Society. 
Executive Committee meetings were held 
in Atlantic City on June 27, 1960, and 
in Washington, D. C., on January 8, 
1961. 

During the Annual Meeting of the 
Society in Atlantic City, the following 
papers sessions were held: (1) General 
Soils Session, and (2) Symposium on 
Nuclear Methods for Measuring Soil 
Density and Moisture. The symposium 
has been published by the Society as a 
specia] technical publication, ASTM 
STP No. 293, and the papers from the 
general session have appeared in the 
1960 Proceedings. 

The following members of Committee 
D-18 passed away during the year and 
will be missed greatly by their col- 
leagues: E. J. Felt, and H. F. Clemmer. 
Resignation was accepted during the 
year from J. A. Leadabrand, Portland 
Cement Assn. A. W. Maner was ap- 
pointed to replace H. F. Clemmer on 
the Standing Committee on Simplified 
Practice Recommendation for Coarse 
Aggregates. 

The committee consists of 148 mem- 
bers, of whom 116 are voting members; 
23 are classified as producers; 40 as 
consumers; and 53 as general] interest 
members. 

Special Committee on Award of Merit. 
—The following persons were appointed 


*Sixty-fourth Annual Meeting of the 
Society, June 25-30, 1961. 
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to the special committee for award of 
merit for the coming year: D. M. 
Burmister, chairman; M. D. Catton, 
continuing member; and H. F. Clem- 
mer, new member. On January 8, 
1961, Mr. K. B. Woods was appointed to 
replace H. F. Clemmer, deceased Octo- 
ber 5, 1960. 

Special Committee for Hogentogler 
Award.—This special committee, con- 
sisting of D. M. Burmister (chairman), 
W. E. Schmid, and R. L. Schiffman, 
recommended that the Hogentogler 
Award be presented to C. B. Crawford 
for his paper entitled “The Influence of 
Rate of Strain on Effective Stresses in 
Sensitive Clay.” 

Symposia Commitiee—R. K. Bern- 
hard, Chairman of Subcommittee R-9, 
and members of his subcommittee were 
appointed to arrange for a one-half day 
Symposium on Dynamic Properties of 
Soils to be held at the Annual Meeting 
in June 1961. This symposium is to be 
of the panel-discussion type. 

Subcommittee G-4 on Environmental 
Conditions.—This administrative sub- 
committee was established on January 8, 
1961, with D. M. Burmister as chairman. 
A name, scope, and proposed member- 
ship is to be submitted to the Executive 
Committee during the next regular 
meeting in June 1961. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the 1960 Annual Meet- 
ing, Committee D-18 presented to the 
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Society through the Administrative 
Committee on Standards the recom- 
mendation that the Definitions of Terms 
Relating to Soil Dynamics be published 
as tentative. This recommendation was 
accepted by the Standards Committee 
on September 23, 1960, and the defini- 
tions appear in the 1960 Supplement to 
Book of ASTM Standards, Part 4, 
bearing the designation D 1707-60 T. 


New TENTATIVE 


The committee recommends for pub- 
lication as tentative the Method of 
Test for Bearing Ratio of Laboratory- 
Compacted Soils, as appended hereto.’ 


REVISION OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Tentative Method for Grain-Size Analy- 
sis of Soils (D 422-60T)? 


Section 1.—Add the following new 
Note 2 after this section, numbering the 
present note as “Note 1”’: 


Nore 2.—Two types of dispersion devices 
are provided: 1) a high-speed mechanical 
stirrer, and (2) air dispersion. Extensive investi- 
gations indicate that air dispersion devices 
produce a more positive dispersion of plastic 
soils below the 20-micron size and appreciably 
less degradation on all sizes when used with 
sandy soils. Because of the definite advantages 
favoring air dispersion, its use is recommended. 
The results from the two types of devices 
differ in magnitude, depending upon soil type, 
leading to marked differences in particle size 
distribution, especially for sizes finer than 20 
microns. 


Sections 7 and 10.—Replace “110 C 
(230 F)” with “11045C (230+ 9 
F).” 

Section 17(a)—Add the following 
new Item 6: “(6) The dispersion device 

1 The new method appears in the 1961 Book 
of ASTM Standards, Part 4. 


21960 Supplement — to Book of ASTM 
Standards, Part 4. 


used and length of the dispersion 
period.” 


Tentative Method of Test for Liquid 
Limit of Soils (D 423 - 59T):? 


Section 1.—Renumber as Section 2, 
and change the heading from “Scope” 
to read “Definition.” 

New Section 1.—Add the following 
new Section 1 under the heading 
“Scope”: 


1, (a) This method of test provides for the 
determination of the liquid limit of soils as 
defined in Section 2, using the mechanical 
device specified in Section 3, securing the results 
of at least three trials, and the plotting of a 
flow curve. Provision is also made for: (1) a 
one-point method requiring the calculation of 
the liquid limit value from data secured from a 
single trial; and (2) a procedure for check or 
referee tests. 

(b) The mechanical method shall be used 
unless specifications for the soil being tested 
permit the use of the one-point method. The 
procedure for check or referee tests shall be 
used in cases of disagreement or when required 
in the specifications for the soil being tested. 


Sections 2 through 8—Renumber the 
present Sections 2 through 8 as Sections 
3 through 9. In the present Section 
5(d), replace “110 C (230 F)” with 
“230 + 9 F (110+ 5 C).” 

New Sections —Add the following new 
Sections 10 and 11 under the centered 
heading “One-Point Method,” renumber- 
ing subsequent sections accordingly: 


Procedure 


10. (a) The requirements for apparatus, 
sample, and adjustment of the mechanical de- 
vice are the same as specified in Sections 3, 4. 
and 5. 

(b) Follow the test procedure given in Section 
6, (a) through (e), except that a moisture-content 
sample shall be taken only for the accepted 
trial. The accepted trial shali require between 
20 and 30 drops of the cup to close the groove 
and at least two consistent consecutive closures 
shall be observed before taking the moisture- 
content sample for calculation of the liquid limit. 
The test shall always proceed from the dryer to 
the wetter condition of the soil. 


41958 Book of ASTM Standards, Fart 4. 
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Calculations 
11. (a) Calculate the water content, wy, for 
the accepted trial, expressed as a percentage of 
the oven-dried weight, as follows: 
weight of water 
weight of oven-dried soil 


WN x 100 


(b) Determine the liquid limit, LL, using the 
following formula: 


LL = wy(N/25)9-2 


where: 

N = number of drops of the cup required to 
close the groove at the water content, wy. 

Report the liquid limit value to the nearest 

whole number. Values of (N/25)°-” are given in 

Table I. 


TABLE I.—VALUES OF (N/25)*” 


ae 0.974 || 24...| 0.995 || 28...| 1.014 
0.979 || 25...| 1.000 29...) 1.018 
0.985 | 26...| 1.005 | 30...) 1.022 
0.990 | 27. 1.009 


New Section 14.—Add the following 
new Section 14 under the heading “‘Re- 
port”: 

14. The report shall include the following: 

(1) Liquid limit value, 

(2) Procedure followed when either the one- 


point method or the procedure for check or 
referee tests is used. 


Tentative Method of Test for Load- 
Settlement Relationship for Indi- 
vidual Piles Under Vertical Axial 
Load (D 1143 57 


Section 4.—Add the following at the 
end of Paragraph (6): 


Some suitable device shall be used to maintain 
constant tension in the wire throughout the 
test. This method of measuring settlement shall 
be used only as a check test on pile loading 
tests of minor importance. 


Change the last sentence of Paragraph 
(c) to read as follows: 
While a dial gage may provide the greatest 


accuracy in consecutive settlement readings, a 
check settlement observation shall be made 
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before and after the loading test and whenever 
possible at selected intervals during the test 
by level rod or scale referred to a fixed elevation 
which is independent of the reference beam to 
which the dial gage is attached. 


Section 5(b)—In lines 7 and 12 
change ‘0.001 ft” to read “0.01 in.” 
The use of 0.001 ft in Section 4(a) will 
be retained, as level rods are so gradu- 
ated and read in making level observa- 
tions. 

To provide for a fixed schedule of 
taking settlement readings between 
load increments, change the second 
sentence to read as follows: 


Settlement readings made to an accuracy of 
0.01 in. shall be taken before and after the 
application of each new load increment and at 
2, 4, 8, 15, 30, 60 min, and every 2 hr until 
application of the next load increment. 


Change the fourth sentence to read 
as follows: 


When the loading has been completed the 
full test load shall remain on the pile for 24 hr 
or for a longer period if the necessity therefor is 
indicated by the rate of settlement of the pile, 
and settlement readings shall be taken at 6 hr 
intervals during the period and at the end of 
that period. 


Add the following at the end of 
Paragraph (6), preceding Note 2: 

In testing friction piles in cohesive soil, a 
time period of not less than 24 hr shall elapse 
between driving and loading of the test pile; 
and a longer period, not to exceed two weeks, 
may be required if experimental data or other 
test conditions indicate this to be necessary. 
Constant attention ‘of the operator or automatic 
control is required to maintain the specified 
jacking pressure at all times during the loading 
test. 


ADOPTION OF TENTATIVE AS STANDARD 
WitH REVISIONS 


The committee recommends that the 
Tentative Method of Testing Soil- 
Bituminous Mixtures (D 915 - 47 T)® 
be approved for reference to letter ballot 
of the Society for adoption as standard 
with editorial changes as indicated: 


| 
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Section 1.—Change to read as follows: 


1. Scope.—This method of test provides for 
the determination of water absorption, expan- 
sion, and extrusion characteristics of compacted 
soil or soil-aggregate mixtures containing liquid 
bituminous material. The method is intended 
for determining the effects of water on these 
mixtures. It may also be employed to determine 
the same characteristics for untreated soil or 
soil-aggregate mixtures. The results are not 
intended for use in formulas to determine 
pavement thickness, nor to predict relative 
field performance of different bituminous 
materials as stabilization admixtures. 


REVISION OF STANDARD, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
mediate adoption revisions as follows of 
the Standard Method of Test for Shrink- 
age Factors of Soils (D 427-39), 
and accordingly asks for the necessary 
nine-tenths affirmative vote at the 
Annual Meeting in order that the re- 
visions may be referred to letter ballot 
of the Society. 

Section 1. 
change” to 
and “Lineal 
shrinkage.” 

Section 2.—In Paragraph (a) change 
“4% in.” to “55 in.” In Paragraph (d) 
change “12 in.” to “6 in.” In Paragraph 
(e) change “2 in.” to “2} in.” and “1 
in.” to “1 in.” Replace the word 
“level” with: “is in a plane essentially 
parallel with the bottom of the cup.” 

Section 4(c).—Delete the word “level” 
in the second line. Change “110 C” to 
“230 + 9 F.” 

Section 5.—Change the letter “M” to 
“w” in the formula. 

Section 6.—Change Paragraph (a) to 
read: “The shrinkage limit of a soil is 
the maximum water content at which a 
reduction in water content will not 
cause a decrease in the volume of the 
soil mass.” In Paragraph (5), change the 
letter ““S” to the letters “SL” and the 
letter “M” to “w.” In Paragraph (c), 
delete the word “true” in second line. 


— Change “Volumetric 
“Volumetric shrinkage,” 
shrinkage” to “Linear 
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Change “G” to “G,.” Change “S” to 

Section 7(a)—Change to read as 
follows: 


The shrinkage ratio of a soil is the ratio of: 
(1) a given volume change, expressed as a 
percentage of the dry volume, to (2) the corre- 
sponding change in water content above the 
shrinkage limit, expressed as a percentage of 
the weight of oven-dried soil. 


Section 8.—Change the heading to 
read “Volumetric Shrinkage,” and revise 
the Section to read as follows: 


8. (a) The volumetric shrinkage of a soil is 
the decrease in volume, expressed as a percentage 
of the soil mass when dried, of a soil mass when 
the water content is reduced from a given 
percentage to the shrinkage limit. 

(b) The volumetric shrinkage, V;, shall be 
calculated from the data obtained in the volu- 
metric shrinkage determination by the following 
formula: 


where: sol 
w, = given percentage of water content, __ 
SL = shrinkage limit, and wi 
R_ = shrinkage ratio. 


Section 9.—Change the heading to 
read “Linear Shrinkage,” and revise 
the Section to read as follows: 


9. (a) The linear shrinkage of a soil is the 
decrease in one dimension of a soil mass, ex- 
pressed as a percentage of the original dimension, 
when the water content is reduced from a given 
value to the shrinkage limit. 

(b) The linear shrinkage, L,, shall be obtained 
by means of the following formula: 


V, + 100 


Figure 2.—Delete Fig. 2. 
Section 10.—Change to 
follows: 


read as 


10. The specific gravity of the soil solids, 
G,, may be calculated from the data obtained 
in the volumetric shrinkage test by the following 
formula: 


G, = 254. 
1/R — SL/100 


; 
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TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the fol- 
lowing tentatives: 

4 
Tentative Specifications for: 
Materials for Soil-Aggregate Subbase, Base, and 
Surface Courses (D 1241 - 55 T). 


Tentative Methods of: 


Soil Investigation and Sampling by Auger 
Borings (D 1452 —- 56 T), 

Penetration Test and Split-Barrel Sampling of 
Soils (D 1586 — 58 T), 

Thin-Walled Tube Sampling of Soils (D 1587 - 
58 T), 

Test for Shear Strength of Flexible Road Sur- 
faces, Subgrades, and Fills by the Burggraf 
Shear Apparatus (D 916 - 47 T), 

Testing Soil-Bituminous Mixtures (D915 - 
47T), 

Test for Water-Soluble Chlorides Present as 
Admixes in Graded Aggregate Road Mixes 
(D 1411 - 56 T), 

Test for Density of Soil in Place by the Sand- 
Cone Method (D 1556 - 58 T), 

Test for Making and Curing Soil-Cement Com- 
pression and Flexure Test Specimens in the 
Laboratory (D 1632 - 59 T), 

Test for Compressive Strength of Molded Soil- 
Cement Cylinders (D 1633 - 59 T), 

Test for Compressive Strength of Soil-Cement 
Using Portions of Beams Broken in Flexure 
(Modified Cube Method) (D 1634 - 59 T), and 

Test for Flexural Strength of Soil-Cement Using 
Simple Beam with Third-Point Loading 
(D 1635 - 59 T). 


EprTorIAL CHANGES 


The committee recommends editorial 
changes as indicated in the following 
standards: 


Standard Method of Test for Plastic 
Limit and Plasticity Index of Soils 
(D 424 - 59): 


Section 4(c)—Change “110C (230 
F)” to “230 + 9 F (110 + 5C).” 


Standard Method of Test for Cen- 
trifuge Moisture Equivalent of Soils 
(D 425 — 39):° 


Section 5(b)—Change “110C (230 
F)” to “230 + 9 F (110 + 5C).” 


Standard Method of Test for Shrinkage 
Factors of Soils (D 427 — 39): 


Section 4(c).—Replace “110C (230 
F)” with “230 + 9F (110 + 5C).” 


Standard Method of Test for Specific 
Gravity of Soils (D 854 


Sections 5(b) and (c).—Replace “110 
C” with “110 + 5C (230+ 9F).” 


Standard Method of Test for Amount of 
Material in Soils Finer than the No. 
200 Sieve (D 1140 - 54):* 


Sections 4(a) and (e).—Replace ‘110 
C (230 F)” with “230 + 9F (110 + 


Tentative Method of Test for Moisture- 
Penetration Resistance Relations of 
Fine-Grained Soils (D 1558-58 T): 


Section 6.—Change to read as follows: 


6. Plot the penetration resistance values and 
the corresponding moisture contents (as calcu- 
lated in accordance with Section 5) on the same 
graph sheet with the corresponding moisture- 
density relations data (as provided in Para- 
graph 12(a) of Method D 698). Plot the mois- 
ture-penetration resistance data immediately 
above the moisture-density data, using the 
same moisture content scale for both sets of 
data. The moisture-penetration resistance 
relationship curve shall be established by not 
less than three determinations. 


Tentative Methods of Test for Moisture- 
Density Relations of Soils, Using a 
5.5-lb Rammer and 12-in. Drop 
(D 698 58 T):* 


Section 12.—Change Paragraphs (a) 
and (b) to read as follows: 

12. (a) Plot the oven-dry weights per cubic 
foot (densities) of the soil as ordinates and the 
corresponding moisture contents as abscissas. 
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Draw a smooth curve connecting the plotted 
points. 

(b) Optimum Moisture Content, w..—The 
moisture content corresponding to the peak of 
the curve drawn as provided in Paragraph 
(a) shall be termed the “optimum moisture 
content” of the soil under the above compaction. 


Tentative Methods of Test for Moisture- 
Density Relations of Soils, Using a 
10-lb Rammer and an 18-in. Drop 
(D 1557 - 58 T)3 
Section 12.—Revise Paragraphs (a) 

and (6) as indicated above for Section 

12 of Method D 698. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee G-1, Editorial (E. E. 
Bauer, chairman) has given editorial 
review to the proposed Tentative 
Method of Test for Determining the 
Bearing Ratio of Laboratory-Compacted 
Soils, together with a number of pro- 
posed revisions of existing standards. 

Subcommittee G-2, Papers (W. G. 
Shockley, chairman) met in Washington, 
D. C., on January 10, 1961. At this 
meeting, offer forms for papers were 
reviewed and recommendations were 
made to Society headquarters for the 
presentation of five papers in the general 
soils session. 

The committee recommends that all 
papers submitted for presentation at 
general soils sessions and specific sym- 
posia sessions be reviewed by Subcom- 
mittee G-2. In order to relieve the 
Subcommittee of some of the burden of 
review, a review panel is being as- 
sembled from D-18 membership for 
purposes of paper review only. 

The Papers Subcommittee further 


4 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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recommends that reviews of papers be 
made available to the appropriate 
Society committees on prizes and awards 
when they are studying such papers for 
award purposes. 

Subcommittee G-3—Nomenclature and 
Definitions (R. G. Ahlvin, chairman),— 
Organization of the subcommittee and 
joint committee (ASCE-ASTM) forma- 
tion has accounted for nearly all of this 
year’s activity. A meeting of Subcom- 
mittee G-3 and, insofar as possible, of 
the joint committee and of its individual 
elements is planned during the Annual 
Meeting in June. Specific coordination 
with Committee E-8 on Nomenclature 
and Definitions is being initiated. 

Steering Committee on Research (C. B. 
Crawford, chairman) met once during 
the year on June 27, 1960 to consider a 
list of twenty-five problems of needed 
research which had been submitted to 
the Subcommittee. Each of these prob- 
lems was assigned to one or more of the 
research subcommittees for study and 
action. 

To promote the objectives of the 
Research Steering Committee, the Exec- 
utive Committee decided to augment the 
membership by including all subcom- 
mittee chairmen on its membership. 

Subcommitiee R-1, Surface and Sub- 
surface Reconnaissance (R. F. Baker, 
chairman).—The past year has been 
devoted to soliciting memberships and 
to defining the scope of the subcommit- 
tee’s operations. Five new members 
have been added. Definite progress 
before and during the 1961 Annual 
Meeting is anticipated. No new or 
revised standards are pending. 

Subcommittee R-2—Sampling and Re- 
lated Field Testing for Soil Investigation 
(John P. Gnaedinger, chairman) de- 
veloped the proposed Method for Core 
Drilling and has prepared revisions of 
Methods D 1586-58T and D 1587 - 


: 


Vane shear testing procedures, dy- 
namic cone penetration procedures, and 
use of nuclear methods for measuring 
in-place soil density and moisture con- 
tents are being studied. 

Subcommittee R-3, Physical Charac- 
teristics of Soils (E. E. Bauer, chair- 
man) recommended that tolerances be 
included in the following methods of 
test for the drying temperature: D 422, 
D 423, D 424, D 425, D 427, D 854, and, 
D 1140. Editorial revisions were recom- 
mended for D 427, D 1558, D 698, and 
D 1557. These proposed editorial revi- 
sions were approved by Committee D-18 
at the 1960 Annual Meeting. 

This subcommittee recommends revi- 
sion of Method D 422 and D 423. Con- 
sideration is being given to the stirring 
paddle illustrated in Fig. 1 of Method 
D 422 to bring it up-to-date. Considera- 
tion of a new working drawing for the 
liquid limit device of Method D 423 is 
awaiting availability of the report on a 
study of all the devices currently being 
produced by the various manufacturers 
in the United States. 

Consideration is being given to a 
method for calibrating mechanical equip- 
ment to be used in the compaction of test 
specimens in Methods D 698 and D 1557 
and to the inclusion of mechanical 
equipment in both methods. Considera- 
tion is also being given to the prepara- 
tion of a drawing for the hand rammers 
for these two methods. The subcommit- 
tee recommends that these methods and 
Method D 1558 remain as tentatives 
pending further consideration. 

The work of Section D on Densities 
of Granular Soils has been interrupted 
by the death of Mr. Earl J. Felt, chair- 
man of the section. 

Subcommitiee R-4, Physical Properlies 
of Soils (N. W. McLeod, chairman).— 
At its meeting in June 1960, task forces 
were established to prepare a report on 
the specific objectives of Subcommittee 
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R-4, and to assemble a list of important 
problems on the capillarity and permea- 
bility of soils on which research is 
urgently needed. A method for measur- 
ing the relationship between moisture 
content and capillary action of soils 
that have capillary potentials less than 
one atmosphere is being prepared as 
well as a method for measuring the 
permeability of granular soils. Subcom- 
mittee R-4 proposes holding a sympo- 
sium on capillary phenomena associated 
with soils and base courses under high- 
way and airport pavements, at the 1962 
Annual Meeting. 

Subcommittee R-5, Structural Proper- 
ties of Soils—(D. M. Burmister, chair- 
man).—A proposed tentative method of 
test for unconfined compression has 
been circulated to the subcommittee. 

The subcommittee is studying the 
clarification of ideas and conceptions 
regarding angle of friction and cohesion 
of soils, as a basis for effective subcom- 
mittee work. There seems to be a growing 
general opinion that angle of friction and 
cohesion are not simple, constant single 
values and inherent properties of soils 
but that they are only “convenient 
parameters” for evaluating the results of 
shearing tests on soils, for expressing a 
complex set of soil properties which 
govern shearing failure of soils, and for 
making practical applications of the 
results of shearing tests on soils in 
stability investigations for earthworks, 
retaining structures, and foundations. 
The values of angle of friction and 
cohesion are strongly influenced and 
conditioned by the conditions that con- 
trol, whether in the natural environ- 
ment or modified by subsequent con- 
struction of structures or imposed in a 
shearing strength test. These basic 
aspects of shear testing of soils are to 
be explored and studied with regard to 
their implications in setting up testing 
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Subcommitiee R-6, Physicochemical 
Properties of Soils (D. T. Davidson, 
chairman) continued to work with 
committees of the American Society of 
Agronomy responsible for preparing the 
Monograph “Methods of Soil Analysis,” 
which is being cosponsored by ASTM 
without financial obligation. C. A. 
Black, Professor of Agronomy, Iowa 
State University of Science and Tech- 
nology, is Editor-in-Chief of the Mono- 
graph. Authors have been obtained for 
all topics, and preparation of manu- 
scripts is under way. 

At its business meeting during the 
Annual Meeting in June, 1960, the sub- 
committee decided to prepare a tentative 
method for routine X-ray analysis of 
soils. It also was thought desirable to 
investigate the possibility for standards 
on other test methods for determining 
chemical or mineralogical properties of 
soils. Accordingly, Section A on X-Ray 
Identification of Soil Clays is presently 
being formed with R. L. Handy as 
chairman. An attempt will be made to 
reach a decision on other sections at the 
1961 meeting. 

Subcommittee. R-8, Special and Con- 
struction Control Tests (B. S. Coffman, 
chairman) held a meeting during the 
1960 Annual Meeting with all sections 
active. 

Section A, Base Courses and Sub- 
grades for Highways and Airports, 
prepared Method of Test for Determin- 
ing the Bearing Ratio of Laboratory- 
Compacted Soils which is appended to 
this report. The section will study the 
promotion of other methods for bearing 
tests. 

Section B, Earth Dams and Embank- 
ments, prepared a Method of Test for 
Determining the Density of Soil in 
Place by the Rubber Balloon Method 
which is receiving further study. 

Section C-1, Cement Stabilization, is 
interested in a new method of testing 
soil-cement for cement content. Section 


C-2, Bituminous-Stabilization, has rec- 
ommended to Subcommittee R-8 the 
adoption as standard of Method D 915 
with an editorial revision of the scope. 

It is recommended that the following 
remain as tentatives pending considera- 
tion by the Section for revision: D 916, 
D 1241, D 1411, D 1556, D 1632, D 1633, 
D 1634, and D 1635. 

Subcommittee R-9, Dynamic Properties 
of Soils (R. K. Bernhard, chairman) is 
sponsoring the Symposium on Soil 
Dynamics to be presented during the 
Annual Meeting of the Society. 

The Tentative Definitions of Terms 
Relating to Soil Dynamics have been 
accepted by the Administrative Com- 
mittee on Standards. 

Subcommitiee R-11, Pile Load Bearing 
Tests (W. S. Housel, chairman) held a 
meeting on June 27, 1960 in conjunction 
with the Annual Meeting of the Society. 
During the year, revisions of Method 
D 1143 - 57 T were completed. The sub- 
committee has under consideration 
special problems in the area of pile 
testing. Initiation of the cooperative 
studies of these problems and in some 
cases preparation of suggested methods 
of tests are in progress. A suggested 
Method of Test for Load Capacity of 
Batter Pile Frames has been prepared 
and is now being revised preparatory 
to submission as a tentative method of 
test. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 116 voting members; 93 
members returned their ballots, of whom 
91 voted affirmatively, and 0 voted 
negatively. 


Respectfully submitted on behalf of 
the committee, 
W. G. Hottz, 
Chairman. 
ARTHUR A. WAGNER, 
Secretary. a 
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Committee D-19 on Industrial Water 
held meetings on June 29 to July 1, 1960, 
in Atlantic City, N. J., and on January 
25 to 27, 1961, in Pittsburgh, Pa. 

The Symposium on Impurities in 
Steam, sponsored by the committee, 
will be presented on June 29, 1961, 
in Atlantic City, N. J.' Included is a 
paper, “Research Report on Stoichi- 
ometry of the Vaporous Carry-over of 
Sodium Chloride from High-Pressure 
Boiler Water,” presented on behalf of 
the committee by M. M. Rubright, 
Babcock & Wilcox Co., Research Center, 
Alliance, Ohio. This paper incorporates 
the results of the committee’s research 
investigation on Vaporous Carry-over of 
Boiler Water Salts, financed by funds 
granted to the committee by the ASTM 
Administrative Committee on Research. 

The committee recommended to the 
Society the reprinting of the Manual 
on Industrial Water and Industrial 
Waste Water, as ASTM STP No. 
148-E, Second Printing of Second Edi- 
tion, 1960. No changes were made in 
Part I, the text chapters. Part II in- 
cludes all of the tentatives and stand- 
ards prepared by Committee D-19 on 
Industrial Water, and published by the 
Society through 1960. 

The ASTM representatives serving on 
the Joint Committee on Uniformity of 
Methods of Water Examination (JCU- 
MWE) submitted to the Society and to 


* Sixty-fourth Annual Meeting of the So- 

ciety, June 25-30, 1961. 
1 See p. 1369. 
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sth” 
the committee recommendations as 
follows, covering the period of July 
1, 1960, to January 1, 1961: 

Preliminary recommendations on sul- 
fates, on uniformity of reagents, and on 
acidity, basicity, and alkalinity have not 
yet been voted on as official recom- 
mendations. The report on pH was re- 
turned to the panel for revision. ASTM 
comments were not ready for submis- 
sion. 

JCUMWE established new review 
panels on silica, chlorine residual, and 
chromium to which ASTM representa- 
tives are being appointed. Progress 
reports were received from the thirteen 
panels noted in the last report of JCU- 
MWE activity. 

Reports of activity of member or- 
ganizations included the information 
that API has panels on ionized cyanide 
and arsenic. 

C. K. Rice, Coordinator, Refinery 
Technological Laboratory of the Gulf 
Research and Development Co., Phila- 
delphia, Pa. resigned from the com- 
mittee, as Standards Advisor, and as 
one of the two ASTM representatives 
serving on JCUMWE. He was elected 
as an Honorary Member of the commit- 
tee for the services rendered during the 
past eleven years. 

A. C. Muller, of the Consolidated Edi- 
son Co. of New York, Inc., was ap- 
pointed as the Standards Advisor of the 
committee, and Frank E. Clarke was 
appointed as and ee representative 


on JCUMWE. 


: 
; 


J. E. Kinney, Sanitary Engineering 
Consultant, was appointed as the ASTM 
Representative on the Engineers Joint 
Council, National Water Pollution Panel. 

The 1961 Max Hecht Award Certifi- 
cate and citation were presented on 
April 22, 1961, to Claude K. Rice. 

F. E. Clarke, vice-chairman of the 
committee, was the recipient of one of 
the several ASTM Award of Merit 
Certificates on June 28, 1961, in Atlantic 
City, N. J. 

Letters of condolences were sent to 
the families of the members as follows, 
deceased in 1960 and 1961: D. K. 
French; B. H. Ryan, representing the 
Deady Chemical Co.; and W. W. Hodge, 
of the Melion Institute of Industrial 
Research, 

The committee comprises 150 mem- 
bers, and operates with one advisory, 
eight technical subcommittees, and 
78 task groups, distributed among the 
subcommittees. The committee’s pro- 
duction of methods up to the present 
time includes 29 tentatives and 45 
standards published by the Society. 

H. J. Vyhnalek, Cleveland Electric 
Illuminating Co., and M. Daniels, Armco 
Steel Corp., were elected to serve as 
Members-at-Large on Subcommittee I, 
Advisory, for a three-year term starting 
June 30, 1961. 


New TENTATIVES 


The committee recommends for pub- 
lication as tentative the following 
methods as appended hereto? 


Tentative Methods of: 


Test for Acidity and Alkalinity of Industrial 
Water (Subcommittee IV), 

Test for Chloride Ion in High-Purity Industrial 
Water (Subcommittee 

Test for Nickel in Industrial Water (Subcom- 
mittee IV), 


? The new tentatives appear in the 1961 Book 
of ASTM Standards, Part 10. i le 
“Walt 
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Test for Suspended and Dissolved Solids in 
Industrial Water (Subcommittee IV), 

Test for Sodium in High-Purity Industrial 
by Flame Photometry (Subcommittee 
V), 

Test for Turbidity of Industrial Water (Sub- 
committee V), 

Test for Hexane-Extractable Matter in In- 
dustrial Waste Water (Subcommittee VII), 
and 

Measurement of Beta Particle Radioactivity of 
Industrial Water and Industrial Waste 
Water (Subcommittee IX). 
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REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Tentative Methods of Test for Iron 
in Industrial Water and Industrial 
Waste Water (D 1068-60 T)® (Sub- 
committee IV): 


Section 15(b)—Change to read as 
follows: 


(6) The precision of the method varies with 
the quantity being determined as shown in Fig. 
1. 

The accuracy of the method is +1 per cent 
at the 0.02-mg iron level and —0.5 per cent at 
the 0.4-mg iron level. 


Add a new Fig. 1 as shown in the 
accompanying Fig. 1.‘ 


Tentative Method of Test for Silica 
in High-Purity Water (D 1689-59 
T)® (Subcommittee IV): 


New Table—Add a new Table I 
as shown in the accompanying Table I. 
Note 2.—Change to read as follows: 


Note 2.—If the photometer is not capable 
of measuring absorbance at 815 my, measure- 
ments may be made in the range 640 my to 
700 mu (Table I). However, measurements 
made at 815 my provide maximum sensitivity 
and reproducibility. 


31960 Supplement to Book of ASTM Stand- 
ards, Part 10. 

4 Not included here; see the revised method, 
1961 Book of ASTM Standards, Part 10. 

5 1959 Supplement to Book of ASTM Stand- 


= 
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Section 12.—Chenge to read as fol- 
lows: 


12. (a) The precision of this method varies 
with the quantity being determined as shown 
in Fig. 1. The longer the cell or scale length, or 
both, consistent with an acceptable transmit- 
tance range, the better the precision obtainable 
(Note 5). 

Nore 5.—The data in Fig. 1 were obtained 
using both filter photometers and spectropho- 
tometers. With a 100-mm cell length and a 
spectrophotometer, better precision is obtain- 
able. 


TABLE I.—APPLICATION RANGES OF 
APPARATUS FOR MEASUREMENT OF 
COLOR. 

(New Table I, Method D 1689) 


Apparatus for Color Measurement Cc ae ppb 
Spectrophotometer (815 my) :° 
ees 50 to 1000 
2 to 200 
Filter photometer (red filter) ¢ 
20 to 1000 


* For the usual 50-ml sample. 

+A discussion of photometers and photo- 
metric practice is given in the Recommended 
Practice for Photometric Methods for Chemical 
Analysis of Metals (ASTM Designation: E 60), 
1960 Book of ASTM Methods for Chemical 
Analysis of Metals. 

¢ A Fisher No. 650 filter or a Klett-Summer- 
son No. 66 filter, or the equivalent, has been 
found satisfactory for this purpose. 


(b) The accuracy of this method is estimated 
to be within +0.5 ppb at a concentration of 
about 5 ppb, and —0.9 per cent of the accepted 
value at concentrations approaching 1000 ppb. 


Add a new Fig. 1 as shown in the 
accompanying Fig. 2.4 


Tentative Method of Test for Odor in 
Industrial Water and Industrial Waste 
Water (D 1292 — 59 T)® (Subcommit- 
tee VII): 

Section 1.—Delete 

Paragraph (a). 
Section 3—Immediately preceding 

the definition of “threshold odor num- 

ber,” insert the definition of ‘“‘odor 
intensity index,” to read as follows: 


Note 1 under 
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Odor Intensity Index.—The number of times 
the concentration of the original sample is 
halved by addition of odor-free water to obtain 
the least definitely perceptible odor. 

Change the definition of threshold 
odor number to read “The greatest dilu- 
tion of the sample with odor-free water 
to yield the least definitely perceptible 
odor.” 

Section 6(b).—After the third sentence, 
add the following two sentences: “Some 
plastic tubing may also cause odor. An 
all glass apparatus is ideal.” 

Section 9.—Change the ninth and 
tenth sentences of Paragraph (0) to 
read as follows: 

The odor tester shall select the flask that has 
a perceptible odor. If the odor tester fails to 
detect an odor, the dilution tester then shall 
decrease the dilution (increasing the concentra- 
tion) until a dilution is found at which the odor 
is perceptible using the same procedure. 


In the first sentence of Paragraph 
(c), delete the word “immediate.” 
Change the second sentence of Para- 
graph (c) to read: “Repeat this proce- 
dure until the odor tester fails to detect 
an odor.” 

Section 10.—Change Paragraphs (a) 
and (6) to read as follows: 


10. (a) Calculate the odor intensity as thresh- 
old odor number as follows: 


200 
Threshold odor number = ee X 8? 


where: 

A = milliliters of sample or milliliters of aliquot 
of the primary dilution used, and 

D = number of 25:175 primary dilutions re- 
quired to reach the determinable magni- 
tude of odor intensity. 

(b) Calculate the odor intensity as odor in- 
tensity index as follows: 


200 
Odor intensity index = 3.3 log - +3D 


ADOPTION OF TENTATIVE AS 
STANDARD WITHOUT 
REVISION 


The committee recommends that the 
Tentative Scheme for Analysis of In- 


=) 
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dustrial Water and Industrial Waste 
Water (D 1256 — 59 T)® (Subcommittee 
II) be approved for reference to letter 
ballot of the Society for adoption as 
standard without revision. 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 


for adoption as standard with revisions 
as indicated: 


ADOPTION OF TENTATIVES AS 
STANDARD WITH REVISION 


Tentative Methods of Test for Sodium 
and Potassium Ions in Industrial 
Water and Water-Formed Deposits 
by Flame Photometry (D 1428-56 
T)® (Subcommittee V): 


Section 1.—Replace the present last 
two sentences of Paragraph (a) with 
the following: 


The methods are described as follows: 


Sections 
Method A. Analysis of Industrial 
8 to 13 
Method B. Analysis of Water- 
Formed Deposits ............ 14 to 19 


Add the following as a new first sen- 
tence in Paragraph (0): 

The determination of sodium in high-purity 
industrial water is covered in the Method of 
Test for Sodium in High-Purity Industrial 


Water by Flame Photometry (ASTM Designa- 
tion: D 1887). 


Section 8.—Add the following sen- 
tence at the end of this section: “For 
samples containing less than 1 ppm 
sodium, Method D 1887 for determining 
sodium in high-purity industrial water 
is recommended.” 

Section 13.—Change to read as fol- 
lows: 

13. The precision of this method is +2.0 
per cent for sodium and +5.0 per cent for po- 
tassium. 


61958 Book of ASTM Standards, Part 10. 
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Sections 14 to 19.—Delete these sec- 
tions, which cover the present Method 
B. Redesignate the present Method C 
as Method B and renumber the present 
Sections 20 to 25 as Sections 14 to 19. 

Section 23.—Following the sixth sen- 
tence, add the following new sentence: 
“Repeat the digestion and ignition 
until the solution appears clear.” 

Section 25.—Renumber as Section 19 
and change to read as follows: 


19. The precision of this method is +5.0 per 
cent for sodium and +9.0 per cent for po- 
tassium. 


Tentative Methods of Test for Total 
Chromium in Industrial Water and 
Industrial Waste Water (D 1687 - 
59 T)® (Subcommittee VII): 


Section 2(b).—Change the last two 
sentences to read as follows: 


In general, Method A is applicable where 
organic matter is low or easily oxidized. Method 
B is applicable in the presence of large amounts 
of refractory organic matter, as in tannery 
wastes. 


Section 4.—Change Paragraph (a) 
to read as follows: 


4. (a) To develop the color quantitatively, 
all the chromium must be converted to the 
hexavalent condition and any organic matter 
destroyed. The color reaction for chromium is 
quite specific. With Method A, iron in excess of 
1000 ppm, vanadium in excess of 4 ppm, and 
molybdenum and mercury in amounts over 200 
ppm may interfere. For Method B, iron in ex- 
cess of 50 ppm and other precipitable hydroxides 
may interfere. Hence, these elements, if present 
in excess of the above quantities, must be re- 
moved or converted to a noninterfering complex. 


In the second line of Paragraph (0), 
change ‘200” to read “250.” 

Add a new Paragraph (c) to read as 
follows: 


(c) Large amounts of phosphate and alkali 
earth metal may cause precipitation and loss of 
chromium during the alkaline oxidation of 
Method B. If this occurs, an acid oxidation, as 
in Method A, should be used. 
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Reletter the present Paragraph (c) 
as (d). 

Note 2—Renumber as Note 3 and 
transfer to follow Section 9(f). 

Note 3.—Renumber as Note 2. 

Section 9(i)—Change “75” to ‘49” 
in the first and third lines of this para- 
graph. 

Note 6.—Change ‘20 ml of H:SO, 
(1:75)” to read “13 ml of H2SO, (1:49).” 

Section 11(c)—Change to read as 
follows: 


(c) Cool the solution to room temperature. 
Add 17 ml of water and neutralize with NH,OH 
(1:1). Add 13 ml of H2SO, (1:49). Swirl and, if 
necessary, warm to achieve solution. 


Section 16(h).—In lines 1 and 4, 
change “7” to “9.” 

Section 18(d).—Change the first sen- 
tence to read: “From a microburet, 
add 1.16 ml of H,SO, (1:9).” 


Tentative Method for Measurement 
of Gamma Radioactivity of Indus- 
trial Water and Industrial Waste 
Water (D 1690-59 (Subcommit- 
tee IX): 


Section 3.—Delete from Paragraph 
(c) the words “micromicrocurie or,’”’ and 
change “3.7” to “3.700” and “2.22” to 

Change Paragraph (d) and add a new 
Note 1 to read as follows: 


(d) Counter Background.—In the measure- 
ment of radioactivity, the counting rate result- 
ing from factors other than the radioactivity of 
the sample and reagents used (Note 1). 

Note 1.—Counter background varies with 
the location, shielding of the detector, and the 
electronics; it includes cosmic rays, contaminat- 
ing radioactivity, and electrical noise. 


Change Paragraph (e) to read as 
follows: 


(e) Radioactively Homogeneous Water.— 
Water in which the radioactive material is uni- 
formly dispersed throughout the volume of 
water sample and remains so until the measure- 
ment is completed, or until the sample is evapo- 
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rated or precipitating reagents are added to the 
sample. 


Delete the present Note 1. 
Section 8—Change Paragraph 
and add a new Note 4 to read as follows: 


(6) Preserve the sample in a radioactively 
homogeneous state (Note 4). 

Note 4.—A sample may be made radio- 
actively homogeneous by addition of a reagent 
in which the radioelements or compounds of the 
radioelements present in the sample would be 
soluble in large concentrations. Addition of 
acids, complexing agents, or like stable carriers 
may be used to obtain homogeneity. Considera- 
tion of the chemical nature of the radioelements 
and compounds present and the subsequent 
chemistry of the method will indicate the action 
to be taken. 

REVISIONS OF STANDARDS, 

IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
of the following standards and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society: 


Standard Definitions of Terms Relat- 
ing to Industrial Water and Indus- 
trial Waste Water’ (D 1129-60) 
(Subcommittee II): 


Delete the existing definition for 
“Background.” 

Revise existing definitions to read as 
follows: 


Curie.—A unit of radioactivity equivalent to 
3.700 X 10" atomic disintegrations per second 
or 2.220 X 10% atomic disintegrations per 
minute. A microcurie is 1 one-millionth of a 
curie (10-* curie); a picocurie, 1 one-mil- 
lionth of a microcurie (10- curie). (D 1690 
and D 1890) 

Dissolved Solids (Dissolved Matter).—The 
dried residue from evaporation of the filtrate 
after separation of suspended solids (sus- 
pended matter). (D 1069) 

Radioactively Homogeneous Water.—Water 
in which the radioactive material is uniformly 
dispersed throughout the volume of water 


sample and remains so until the measurement 
is completed or until the sample is evaporated 
or precipitating reagents are added to the 
sample. (D 1690 and D 1890) 

Suspended Solids (Suspended Matter).— 
Those solids (that matter) which can be 
separated from the sample by filtration. 
(D 1069) 

Total Solids (Total Matter).—The sum of the 
suspended and dissolved solids (matter). 
(D 1069) 


New Definitions—Add the following 
new definitions in proper alphabetical 
sequence: 


Biological-Chemical Oxygen Demand.— 
The quantity of oxygen required for the bio- 
logical and chemical oxidation of water-borne 
substances. 

Counter Background.—In the measurement 
of radioactivity, the counting rate resulting 
from factors other than the radioactivity of 
the sample and reagents used. (D 1690 and 
D 1890) 

Note.—Counter background varies with 
the location, shielding of the detector, and the 
electronics; it includes cosmic rays, contami- 
nating radioactivity, and electrical noise. 

Counter Beta-Particle Efficiency.—In the 
measurement of radioactivity, that fraction 
of beta particles emitted by a source which is 
detected by the counter. (D 1890) 

Maximum Beta Energy.—The maximum 
energy of the beta-particle energy spectrum 
produced during beta decay of a given radio- 
active species. 

Note.—Since a given beta-particle emitter 
may decay to several different quantum states 
of the product nucleus, more than one maxi- 
mum energy may be listed for a given radio- 
active species. 

Reagent Background.—In the measurement 
of radioactivity of water samples, the count- 
ing rate observed when a sample is replaced 
by mock sample salts or by reagent chemicals 
used for chemical separations. 

Note.—Reagent background varies with 
the reagent chemicals and analytical methods 
and may vary with reagents from different 
manufacturers and from different processing 
lots. 


Standard Methods of Test for Fluoride 

Ion in Industrial Water and Indus- 
trial Waste Water (D1179-58)° 
(Subcommittee IV): 
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Footnote 1.—Change the second para- 
graph to read as follows: 


These methods have been adapted from 
analytical methods developed by the Branch of 
Quality of Water, U. S. Geological Survey, as 
published in “‘Methods for Collection and Analy- 
sis of Water Samples,” U. S. Geological Survey 
Water-Supply Paper 1454, pp. 163-171 (1960). 
For a more thorough discussion, see W. L. 
Lamar and P. G. Drake, “Factors Affecting the 
Determination of Fluoride in Water with Zir- 
conium-Alizarin,” Journal, Am. Water Works 
Assn., Vol. 47, June, 1955, pp. 563-572, and 
L. L. Thatcher, ‘Modified Zirconium-Erio- 
chrome Cyanine R Determination of Fluoride,” 
Analytical Chemistry, Vol. 29, November, 1957, 
pp. 1709-1712. 


Footnote 5.—Delete the first para- 
graph. 

Section 10.—Delete Paragraphs (a) 
and (b) and Note 2 and replace with 
the following new Paragraphs (a) to 
(c) and new Note 2, renumbering the 
present Paragraphs (c) to (e) as Para- 


graphs (d) to (f). 


10. (a) Dissolve in 50 ml of H2SO,, by stirring, 
sufficient AgeSO, to precipitate the chloride 
present in the sample. A slight excess of AgsSO, 
will do no harm. 

(b) Transfer 200 ml of the sample (Note 2) to 
the fluoride distillation flask, make alkaline to 
phenolphthalein with a pellet of NaOH, add 
some glass beads, and evaporate to a volume of 
about 50 ml, preferably using an electrical heat- 
ing mantle. Care must be exercised to prevent 
bumping and consequent loss of sample. 

Note 2.—If 200 ml of the sample contain 
more than 4000 mg of chloride, take a smaller 
aliquot so that the chloride in the sample aliquot 
will not exceed 4000 mg chloride. 

(c) Allow the concentrated sample to cool 
and make slightly acid by dropwise addition of 
H2SOQ,. Connect the distillation assembly except 
for the steam inlet tube, K (Fig. 1). In place of 
the steam inlet tube insert a long-stem cylindri- 
cal separatory funnel. Start a flow of cooling 
water through the condenser. Close the stop- 
cock on the separatory funnel, and introduce 
into the funnel 50 ml of the H2SO, - AgeSO, 
solution. Slowly add the H2SO, - Ag2SO, solution 
to the fluoride distillation flask, regulating the 
addition of the solution by means of the stop- 
cock on the separatory funnel. Tilt or shake 
flask M to thoroughly mix the H2SO, - AgsSO, 
solution with the sample. 


1 
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Section 13(i)—Ia the next to last 
sentence, change “HeSO, (1:17)” to 
read “‘H»SO, (2.1 N).” 

Section 15.—Change Paragraph (d) 
to read as follows: 


(d) Sulfuric Acid (2.1 N).—Dilute 29.1 ml of 
concentrated sulfuric acid (H2SO,, sp gr 1.84) 
to 500 ml by carefully adding the H:SO, to the 
water. 


In Paragraph (e), change “H:SO, 
(1:17)” to “H,SO, (2.1 N).” 

Section 21—In Paragraph (a), 
place of “lead, cadmium, and phos- 
phate, 5 ppm” substitute “lead and 
cadmium, 5 ppm; metaphosphate (POs), 
1.0 ppm, and orthophosphate (POQ,), 
10 ppm.” 

Delete Paragraph (f). 

Note 12.—Change to read as follows: 
_ 12.—At the time of reading, all solu- 
tions should be at the same temperature and 
within 3C of the temperature at which the 
calibration curve was prepared. Temperature 
variations may occur if the reference solution is 
allowed to remain in the spectrophotometer 
during prolonged testing. 


- WITHDRAWAL OF TENTATIVE AND 
ut STANDARD 


The committee recommends the with- 
drawal of the following methods: 


Tentative Methods of Test for: 


Acidity and Basicity (Alkalinity) in Industrial 
Water and Industrial Waste Water (D 1067 - 
57 T) (Subcommittees IV and VII). 


Standard Methods of Test for: 


Suspended and Dissolved Matter (Suspended 
and Dissolved Solids) in Industrial Water 
and Industrial Waste Water (D 1069-58) 

(Subcommittees IV and VII). 


iv New methods for the above deter- 
minations in industrial waste water are 
now in preparation. New methods for 
these determinations in industrial water 
other than waste water are covered 
elsewhere in this report. 


REPORT OF COMMITTEE 


REAPPROVAL OF STANDARDS 


The committee recommends the reap- 
proval of the following standards 
which have stood for six or more years 
without revision: 


Methods of Test for: 


Total Aluminum and Aluminum Ion in Indus- 
trial Water (D 857 -— 50) (Subcommittee IV), 

Iodide and Bromide Ions in Industrial Water 
(D 1246 - 55) (Subcommittee IV), 

Calcium Ion and Magnesium Ion in Industrial 
Water (D 511 - 52) (Subcommittee IV), 

Hydroxide Ion in Industrial Water and In- 
dustrial Waste Water (D 514-47) (Subcom- 
mittee IV), 

Manganese in Industrial Water and Industrial 
Waste Water (D 858-49) (Subcommittce 
IV), and 

Nitrate Ion in Industrial Water (D 992-52) 
(Subcommittee IV). 


Methods of: 


Reporting Results of Examination and Analysis 
of Water-Formed Deposits (D 933 - 50) (Sub- 
committee IT), 

Field Sampling of Water-Formed 
(D 887 — 49) (Subcommittee III), 

Sampling Water from Boilers (D860- 
(Subcommittee III), 

Examination of Water-Formed Deposits by 
Chemical Microscopy (D 1245 - 55) (Subcom- 
mittee V), 

Identification of Crystalline Compounds in 
Water-Formed Deposits by X-Ray Diffrac- 
tion (D 934-52) (Subcommittee V), 

Corrosivity Test of Industrial Water (NDHA 
Method) (D 935 - 49) (Subcommittee VI), and 

Corrosivity Test of Industrial Water (USBM 
Embrittlement Detector Method) (D807 - 
52) (Subcommittee VI). 


Specification for: 


Substitute Ocean Water (D 1141 - 52) (Subcom- 
mittee VI). 


Deposits 


54) 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision in substance 
of the following tentatives: 


Tentative Methods of: 


Sampling Homogeneous Industrial Waste Water 
(D 1496-57 T) (Subcommittee III), 


— 


e 


Sampling Industrial Water (D 510 - 55 T) (Sub- 
committee III), and 

Sampling Steam (D 1066 — 59 T) (Subcommittee 
Itt). 


Tentative Specifications for: 


Equipment for Sampling Industrial Water and 
Steam (D 1192-51 T) (Subcommittee III). 


Tentative Methods of Test for: 


Chloride Ion in Industrial Water and Industrial 
Waste Water (D 512-55 T) (Subcommittee 
IV), 

Copper in High-Purity Water (D 1688 - 59 T) 
(Subcommittee IV), 

Dissolved Oxygen in Industrial Water (D 888 - 
49 T) (Subcommittee IV), 

Hydrazine in Industrial Water (D 1385 - 58 T) 
(Subcommittee 

Iron in High-Purity Industrial Water (D 1497 - 
57 T) (Subcommittee IV), 

Silica in Industrial Water and Industrial Waste 
Water (D 859 - 55 T) (Subcommittee IV), 

Sodium and Potassium in Industrial Water 
(D 1127 - 50 T) (Subcommittee IV), 

Sulfate Ion in Industrial Water and Industrial 
Waste Water (D 516-59 T) (Subcommittee 
IV), 

Sulfite Ion in Industrial Water (D 1339 - 54 T) 
(Subcommittee IV), 

Zinc in Industrial Water and Industrial Waste 
Water (D 1691 - 59 T) (Subcommittee IV), 
Electrical Conductivity of Industrial Water and 
Industrial Waste Water (D 1125 - 59 T) (Sub- 

committee V), and 

Effect of Water in Tubular Heat Exchangers 
(D 1591 - 58 T) (Subcommittee VI). 


EDITORIAL CHANGES 


The committee recommends editorial 
changes as follows in the Standard 
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Method of Field Sampling of Water- 
Formed Deposits (D 887-49)* (Sub- 
committee III): 

Section 2.—Add a new Paragraph (f) 
to read as follows: 


(f) For definitions of other terms used in this 
method, refer to the Definitions of Terms Relat- 
ing to Industrial Water and Industrial Waste 
Water (ASTM Designation: D 1129). 


Note 23.—Change to read as follows: 
“A wide-mouth glass bottle, plastic 
vial, or noncorrodible metal container 
will provide adequate protection for 
samples of deposits.” 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which 
will be reported at the Annual Meeting.’ 


This report has been submitted to 
letter ballot of the committee, which 
consists of 150 members; 82 members 
returned their ballots, of whom 70 
have voted affirmatively and 3 nega- 
tively. 


Respectfully submitted on _ behalf 
of the committee, 
Max 
Chairman. 
OrRIN M. ELLIOTT, 


Secretary. 


7 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Committee D-20 on Plastics held 
three meetings during the past year: 
in Atlantic City, N. J., on June 28 to 
July 1, 1960, at the Annual Meeting 
of the Society; in Detroit, Mich., Oct. 
3 to 6, 1960; and in Louisville, Ky., 
March 7 to 10, 1961. 

The committee consists of 538 in- 
dividuals representing 263 voting mem- 
bers, of whom 133 are classed as pro- 
ducers, 65 as consumers, and 65 as general 
interest members. 

Committee D-20 has adopted as 
policy, the development of standards 
for plastic products. These standards 
are to be limited to pertinent per- 
formance properties and test methods, 
with design features specifically ex- 
cluded. 

A joint D-11/D-20 Task Group on 
Definitions has been established and has 
met twice to coordinate definitions of 
terms of mutual interest. The joint 
committee has recommended expansion 
of its scope to coordinate all matters 
of mutual interest between the two 
committees. 

Representatives of Committees D-20 
and C-16 on Thermal Insulating Ma- 
terials met on January 31, 1961, in 
Cincinnati, Ohio, during Committee 
Week to discuss jurisdictional and tech- 
nical problems associated with test 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 
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methods and specifications for cellular 
plastic types of thermal insulation. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the 1960 Annual 
Meeting, Committee D-20 presented to 
the Society through the Administrative 
Committee on Standards the recom- 
mendations listed below. The recom- 
mendations were accepted by the 
Administrative Committee on the dates 
indicated. 


New Tentative Methods of Test for: 


Transparency of Plastic Sheeting (D 1746 - 
60 T) (Approved Sept. 29, 1960), 

Tensile Impact Energy to Break Plastics and 
Electrical Insulating Materials (D 1822 - 
61 T) (Approved Jan. 11, 1961), 

Apparent Viscosity of Plastisols and Organosols 
at Low Shear Rates by Brookfield Viscometer 
(D 1824 - 61 T) (Approved March 1, 1961), 
and 

Apparent Viscosity of Plastisols and Organosols 
at High Shear Rates by Castor-Severs Vis- 
cometer (D 1823 - 61 T) (Approved March 1, 
1961). 


New Tentative Specifications for: 


Poly(Vinyl Chloride) Resins (D 1755 - 60 T) 
(Approved Sept. 29, 1960), and 

Epoxy Resins (D 1763 - 60 T) (Approved Sept. 
29, 1960). 


Revision of Tentative Specification for: 


Polyethylene Molding and Extrusion Materials 
(D 1248 —- 60 T) (Approved September 29, 
1960). 
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Revision of Tentative Recommended Practice for: 


Exposure of Polymeric Materials to High Energy 
Radiation (D 1672 - 59 T) (Jointly with Com- 
mittee D-9) (Approved May 10, 1961). 


Revision of Tentative Methods of Test for: 


Resistance of Plastics to Chemical Reagents 
(D 543 - 60 T) (Approved Sept. 29, 1960), 
and 

Carbon Black in Ethylene Plastics (D 1603 - 
60 T) (Approved Sept. 29, 1960). 


Revision and Reversion to Tentative of Standard 
Methods of Test for: 


Specific Gravity of Plastics (D 792 - 60 T) (Ap- 
proved Sept. 29, 1960), and 

Ethyl Cellulose Molding and Extrusion Com- 
pounds (D 787 — 61 T) (Approved March 1, 


1961). 

Revision of Teniative Definitions of Terms Re- 
lating to: 

Plastics (D 883 —- 60 T) (Approved Sept. 29, 
1960). 


Those recommendations which were 
accepted by the Standards Committee 
on September 29, 1960 appear in the 
1960 Supplement to Book of ASTM 
Standards, Part 9. The other items are 
available as separate reprints. 

Committee D-20 had also submitted 
to the Standards Committee a proposed 
new Recommended Practice for De- 
termining Light Dosage in Light and 
Weathering Apparatus. Approval has 
been withheld pending the availability 
of standard fading chips which are a 
requirement in the recommended prac- 
tice. 


New TENTATIVES 


] The committee recommends for pub- 


lication as tentative the following 
specifications, methods of test, and 
recommended practices as appended 
hereto?! 

Tentative Specification for: 

Styrene-Butadiene Molding and Extrusion Ma- 
terials. 


!The new and revised tentatives appear in 
the 1961 Book of ASTM Standards, Part 9. 


On Prastics 


Tentative Methods of Test for: Ven 


Blocking of Plastic Film, 

Coefficients of Friction of Plastic Film, and 

Apparent Density, Bulk Factor, and Pourability 
of Plastic Materials. 


Tentative Recommended Practices for: 


Transfer Molding of Thermosetting Materials, 
Injection Molding of Specimens of Polystyrene 

Molding and Extrusion Materials, and 
Sampling of Plastics. 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Tentative Specification for Cellulose 
Acetate Molding and Extrusion Com- 
pounds (D'706-55T):? Revise as 
appended hereto.! 


Tentative Specification for Cellulose 
Acetate Butyrate Molding and Ex- 
trusion Compounds (D 707-55 T)? 
Revise as appended hereto.! 


Tentative Specification for Nylon 1n- 
jection Molding and Extrusion Ma- 
terials (D 789 - 59 T):* 


Section 3(c)—Change to read as 


follows: 


The moisture content of the resins described | 
in this specification shall not exceed 0.28 per 
cent as received from the vendor as determined 
by the test method outlined in Section 6(h) of 
this specification (Note 2). 


Section 6(h)——Add a new Section 
6(h) including Fig. 1 (as shown in the 
accompanying Fig. 1*) to read as follows: 


(h) Moisture Content.—The moisture content 
of nylon materials shall be determined as follows: 

(1) Apparatus.—A heating device capable of 
heating the test tubes to the temperature speci- 
fied in Item (4) (c) of this section (electrically — 
heated aluminum block, hot oil or molten salt 
bath, or hot air oven is acceptable); vacuum 


21958 Book of ASTM Standards, Part 9. 

31959 Supplement to Book of ASTM Stand- — 
ards, Part 9. 

4 Not included here; see revised tentative, 1961 _ 
Book of ASTM Standards, Part 9. 
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source capable of maintaining a pressure of 4 
mm Hg absolute or less; mercury U tube or 
McLeod Gage; vapor traps equivalent to Scien- 
tific Glass Apparatus Co. No. J-4310; Dewar 
flask or equivalent to maintain vapor trap be- 
low minus 70 C; thermometers; 25 mm by 200 
mm test tubes (Pyrex or equivalent); No. 5 solid 
neoprene stopper; eye dropper with fine tip; glass 
or stainless steel tubing of 5 mm minimum inside 
diameter; 25 ml pipet; 125 ml Erlenmeyer flask 
with glass stopper; squeeze bulb; iodine crystals; 
desiccator or drying oven; anhydrous methanol; 
analytical balance accurate to 1.0 mg. 

(2) Preparation and Standardization of Karl 
Fischer Reagent: 

(a) Mix thoroughly a 1:1 solution of 
Karl Fischer Reagent (strength of reagent be- 
fore dilution to be such that 1 ml of solution is 
equivalent to 6 mg of water) and methanol. 

(6) Weigh a dropper of distilled water, 
introduce two small drops of the water into a pre- 
viously dried glass-stoppered Erlenmeyer flask 
and stopper immediately. Reweigh dropper and 
record weight of water in flask. 

(c) Make up a standard color solution 
from 0.0636 g iodine in 25 ml of methanol. 

(d) Titrate the water in the flask with 
the diluted Karl Fischer Reagent to an end point 
given by the standard color solution. Record the 
titer (Note 10). 

(e) Calculate the Karl Fischer Equiva- 
lent Number (KFE) as follows: 


H,0 Weight 
KFE = . 
‘ rel ml of KFR (diluted) 


(3) Sample Preparation.—Samples for mois- 
ture determination should be retained in glass 
vials with plastic caps having aluminum foil 
paper board liners taped in place after tight 
closure using two turns of vinyl electrical tape. 
Vials, with aluminum foil-lined cap, 107 mm by 
28 mm diameter, will hold 20 to 30 g of polymer 
(depending upon size and shape of chip). Weigh- 
ing errors can easily occur if delays are incurred 
during the weighing of samples for test. 

(4) Moisture Determination: 

(a) Weigh sample and vial (removing 
tape immediately before weighing). Quickly 
transfer sample from vial to the previously 
dried test tube to be used for moisture deter- 
mination and immediately stopper the test tube. 
Reweigh empty vial and cap to determine the 
weight of sample used for this determination. 

(6) Assemble previously dried cold trap 
and test tube with sample and start vacuum 
pump (See Fig. 1). Evacuate for 2 min then 
pre-cool cold trap in a beaker of solvent and dry 
ice for about 15 sec. Remove beaker and insert 
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cold trap in Dewar flask containing solvent and 
dry ice. Maintain a maximum pressure of 4 mm 
Hg absolute and a temperature of minus 70 C or 
lower in the cold trap (Dewar flask). 

(c) Immerse the test tube containing 
the moisture sample in the heat bath as follows: — 
Type I, II, III, V, VI and VII Resins, 30 min at 

2600C +2C 
Type IV Resin, 45 min at 180 C + 2C 

(d) Release the vacuum (Note 7) and 
remove the cold trap from the cold bath and 
wash down the cold trap with 25 ml methanol 
(Note 8). Restopper the cold trap. 

(e) Wait 15 min before titrating the 
solution from the cold trap (Note 9). Titrate 
the solution in the cold trap with the dilute 
standardized KFR to the same end point as for 
the KFE. Run a blank test tube exactly as in 
Paragraph (4) (6), (c), (d), and (e) and subtract 
from ml used by the sample. Record the differ- 
ence as ml of KFR (Note 10). 


ml KFR X KFE X 100 
weight of sample 


Water, per cent = 


(5) Accuracy.—The accuracy of this method 
has been shown to be +0.05 per cent moisture 
at the 95 per cent confidence level using the 
average of single determinations from each 
of two samples, when the moisture content of 
the resin does not exceed 0.28 per cent. 


Footnole 3.—Delete the present Foot- 
note 3, renumbering subsequent foot- 
notes accordingly. 

Notes.—Delete the last sentence of 
Note 1. 

Add new Notes 7, 8, 9, and 10 to read 
as follows: 


Note 7.—A procedure for releasing the 
vacuum in the system with dry CO: is used by 
some laboratories to avoid introducing moisture 
into the system at this step. 

Note 8.—This amount of washdown will 
permit positive transfer of condensed moisture 
and permit the option to titrate two 10-ml 
aliquots if desired but an appropriate correction 
factor must be applied to the formula (4) (e) of 
Section (6)(/) when less than the total solution 
is titrated. 

Note 9.—It has been observed that sometimes 
minute ice crystals form in the cold trap and this 
delay period allows time for the trap to warm up 
and melt those crystals. 

Note 10.—The containers used for the color 
standard and for the titrations should be identi- 
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cal and the volume of solution in each should be 
approximately equal at the end of the titration. 


Tentative Method of Test for Stiffness 
in Flexure of Plastics (D 747 -58 T):? 
Revise as appended hereto.' 


Tentative Methods of Testing Urethane 
Foam Raw Materials (D 1638 - 60 T):° 
Revise as appended hereto.' 


Tentative Definitions of Terms Relating 
to Plastics (D 883 - 60 T):® 


New Definitions—Add the following 
new definitions, inserting them in the 
proper alphabetical sequence: 


Alkyd Plastics.—Plastics based on resins com- 
posed principally of polymeric esters, in which 
the recurring ester groups are an integral part 
of the main polymer chain, and in which ester 
groups occur in most crosslinks that may be 
present between chains. 

Cast Film.—A film made by depositing a layer 
of plastic, either molten, in solution, or in a 
dispersion, onto a surface, stabilizing this 
form, and removing the film from the surface. 

Gusset, n.—(1) A piece used to give additional 
size or strength in a particular location of an 
object. 

2) The folded-in portion of flattened tubu- 
lar film. 

Necking, »—The localized reduction in cross- 
section which may occur in a material under 
tensile stress. 


TENTATIVE REVISION OF STANDARD 


The committee recommends tentative 
revision as follows of the Standard 
Specifications for Molds for Test Speci- 
mens of Plastic Molding Materials 
(D 647 - 57)2 

New Section 7.—Add a new Section 7, 
including the footnote and Fig. 8 (as 
shown in the accompanying Fig. 2),® to 
read as follows: 


5 1960 Supplement to Book of ASTM Stand- 
ards, Part 9. 

6 Not included here; see tentative revision of 
Method D 647, 1961 Book of ASTM Standards, 
Part 11. 
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Mold for Transfer Molding of Thermo-— 
selting Test Specimens 
(a) Mold.—The cavities of this — 


mold are designed to mold in one shot | 


the following test specimens: a 6.4 by. 
12.7 by 127-mm (} by 3} by 5-in.) bar; a _ 
12.7 by 12.7 by 127-mm (3 by } by 5-in.) 
bar; a 3.2 by 50.8-mm (} by 2-in.) diam- 
eter disk; a 3.2 by 102-mm (} by 4-in.) 
diameter disk; and a 3.2 by 216-mm 
by 8}-in.) tension test specimen. The 
mold for these specimens shall be of the 
design shown in Fig. 8* and shall con- 
form to the requirements prescribed in 
the following Paragraphs (6) to (e). 


have rectangular cross-section 6.4mm 


wide by 1.52 mm deep (} by 0.060 in.). 
(c) Mold for Tension Specimen.—The 
cavity of the mold for tension specimens 


type 1 specimen as shown in that method 
except for the following thickness: 


(d) Mold for Bar Specimens.—The 
cavities of the mold for the bar specimens 
shall have the following tolerances: 


Nominal Specimen 12.7 by Specimen 6.4 by 
Cavity 12.7 mm 12.7 mm 
Dimension (1/2 by 1/2 in.) (1/4 by 1/2 in.) 
12.7 mm...... 


40.127 40.127 
12.70{ 12.70{ 


6.4 mm. +0.076 
mm 6.35{ +9: 
0.003 
Length........ 12.7 cm 12.7 cm 
(S in.) in.) 


(e) Mold for Disk Specimens. ~The 
cavities of the mold for the disk speci- 
mens shall have the following dimen- 
sions: 
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od for the Method of Test for Tensile Prop- _ 
erties of Plastics (ASTM Designation: 
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8 102 mm 
(2 in.) 4 in.) 
Depth...... 3.175 mm 3.175 mm {+3: 
(0.125 in. (—0.125 in. {*9-000) 
Edge T: 
(to bot 
tom 
contig). 10 deg 10 deg 


* Blueprint of detailed drawings for the eonqevaetion 
of Gos mold shown in Fig. 8 is available at nominal cos 
from the American Society for Testing Materials, i916 
Race St. Philadelphia 3, Pa. 
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REVISION OF STANDARD AND 
REVERSION TO TENTATIVE 


The committee recommends revisions 
as indicated of the following standards 
and their reversion to tentative: 


Standard Method of Test for Stiffness 
Properties of Nonrigid Plastics as a 
Function of Temperature by Means of 
a Torsional Test (D 1043 —51):? Revise 
as appended hereto.! 


Standard Recommended Practice for 
Molding Test Specimens of Phenolic 
Materials (D 796 — 51):? Revise as ap- 
pended hereto.! 


REVERSION OF STANDARD TO TENTATIVE 
WitHout REVISION 


The committee recommends that the 
following standards be reverted to tenta- 
tive without revision: 


Standard Methods of: 


Testing Molding Powders Used in Manufac- 
turing Molded Electrical Insulators (D 392 - 
38),? 

Test for Compressive Properties of Rigid Plastics 
(D 695-54)? and 

Test for Luminous Reflectance, Transmittance, 
and Color of Materials (D 791 - 54).2 


ADOPTION OF TENTATIVES AS STANDARD 
WitHovut REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 
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Tentative Methods of Test for: 

Flammability of Plastics 0.050 in. and Under in 
Thickness (D 568 — 56 T),? 

Flexural Properties of Plastics (D 790 - 59 T), 

Ammonia in Phenol-Formaldehyde Molded Ma- 
terials (D 834 59 

Haze and Luminous Transmittance of Trans- 
parent Plastics (D 1003 - 59 T),3 

Tear Resistance of Plastic Film and Sheeting 
(D 1004-59T)> 

Orientation Release Stress of Plastic Sheeting 
(D 1504 - 57 T),® 

Dilute Solution Viscosity of Ethylene Polymers 
(D 1601 - 59 

Tensile Heat Distortion Temperature of Plastic 
Sheeting (D 1637 - 59 T),3 

Indentation Hardness of Plastics by Means of a 
Durometer (D 1706 - 59 T),? and 

Particle Size Analysis of Powdered Polymers 
and Copolymers of Vinyl Chloride (D 1705 - 
59 T).? 

Tentative Specifications for: 

Extruded Acrylic Plastic Sheet (D 1547 - 59 T),° 
and 

Nonrigid Vinyl 
(D 1593 - 58 T).? 


Chloride Plastic Sheeting 


ADOPTION OF ‘TENTATIVE REVISIONS 
AS STANDARD 


The committee, jointly with Com- 
mittee D-9 on Electrical Insulating 
Materials, recommends that the tenta- 
tive revisions issued in 1959,* of the 
Standard Methods of Test for Condi- 
tioning Plastics and Electrical Insulating 
Materials for Testing (D 618-58)? be 
approved for reference to letter ballot 
of the Society for adoption as standard. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee, jointly with Com- 
mittee D-9 on Electrical Insulating 
Materials, recommends for immediate 
adoption revision as follows of the 
Standard Method of Conditioning 
Plastics and Electrical Insulating Ma- 
terials for Testing (D618-58),? and 
accordingly asks for the necessary nine- 
tenths affirmative vote at the Annual 
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4% 
Meeting in order that the revision may 
be referred to letter ballot of the Society: 


Section 3(d).—Add the following test 
temperatures and tolerances to the list 
of standard test temperatures in this 
paragraph: 


Tolerance, plus 


Test Temperatures or minus 


225 C (437 F).......... 3.0C (5.4 F) 
275 C (527 F).......... 3.0 C (5.4 F) 
325 C (617 F).......... 4.0 C (7.2 F) 
350 C (662 F).......... 5.0 C (9.0 F) 
400 C (752 F) ......... 6.0 C (10.8 F) 
450 C (842 F).......... 8.0C (14.4 F) 
500 C (982 F).......... 10.0 C (18.0 F) 
600 C (1112 F)......... 12.0 C (21.6 F) 


WITHDRAWAL OF STANDARD 


The committee recommends the with- 
drawal of the Standard Method of 
Estimating Blocking of Plastic Sheets 
(D 884 - 48). 

REAPPROVAL OF STANDARDS 


The committee recommends that all 
other standards under the jurisdiction 
of the committee not otherwise men- 
tioned are to be continued as standard. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation of all other tentatives under 
the jurisdiction of the committee not 
otherwise mentioned in view of the fact 
that work is currently in process on 
revision thereof, or, in a few cases, in- 
sufficient experience has been had to 
justify advancement to standard. 


EDITORIAL CHANGES 
The committee recommends editorial 
changes as indicated in the following 
tentatives: 


Tentative Method of Measuring Ab- 
sorbed Gamma Radiation by Fricke 
Dosimetry (D 1671 - 59 T):* 


Title—Revise the title to read 
“Method of Test for Absorbed Gamma 
Radiation Dose in the Fricke Dosimeter.” 
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Tentative Specification for Polyethylene 
Molding and Extrusion Materials 
(D 1248 60 


Section 1.—Change Section 1 to read 
as follows: 


1. This specification provides for the identi- 
fication of polyethylenes in such a manner that 
manufacturer and purchaser can agree on the 
substantial similarity of different commercial 
lots or shipments. It is not the function of this 
specification to provide engineering data nor to 
guide the purchaser in the selection of a ma- 
terial for a specific end use. 

This specification covers requirements for 
polyethylene molding and extrusion compounds. 
Ordinarily, the tests listed in Section 8 are suffi- 
cient to characterize a material under this 
specification and it is recommended that routine 
inspection be limited to such tests. 


Section 6.—Add a new Section 6 
entitled ‘Contractual Requirements” to 
read as follows, renumbering present 
Section 6 and subsequent sections ac- 
cordingly: 


6. All the following requirements require 
agreement between manufacturer and purchaser 
as noted: 

(a) Antioxidant or other additive and pro- 
portions: 

Section 3(b) Classes A and B, 

Same plus color: Section 3(6) Class B, and 

Same plus amount, kind, particle size and 

means and degree of dispersion of carbon 
black: Section 3(b) Class C. nh 

(b) Contamination level: Section 4(d). | 

(c) Nominal Melt Index: Section 4(c). = 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 


be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Mechanical Prop- 
erties (P. Z. Adelstein, chairman) 
completed revisions on the Test for 
Rockwell Hardness of Plastics (D 785), 
the Test for Stiffness of Nonrigid 


7 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Plastics by Means of a Torsional Test 
(D 1043), and Test for Stiffness in 
Flexure (D 747). A new rod stripping 
method for blocking characteristics and 
a new coefficient of friction test were 
developed. A change has been made in 
the specimen tolerances of the Test for 
Tensile Properties of Plastics (D 638). 
A new tentative tensile impact test has 
been approved. The revision of the Test 
for Tensile Properties of Plastic Films 
(D 882) is under active study. A round- 
robin test program is being completed 
on a tongue tear test, and laboratory 
investigations are under way on high- 
speed tension testing, compression test- 
ing using specimen jigs, and torsion 
pendulum studies. The Elmendorf Tear 
Test (D 689) and the Izod Impact Test 
(D 256) are also under study. 

Subcommittee II on Radiation Effects 
(D. J. Metz, chairman), a joint sub- 
committee with Committee D-9, during 
the past year has concentrated on 
radiation dosimetry. Under the Dosim- 
etry Section, two new task groups have 
been established to deal with the prob- 
lems of neutron energy and flux measure- 
ments and to study the problems 
involved in mixed reactor radiations 
(principally neutrons and gamma rays). 

An effort is being made to stimulate 
consideration of the reevaluation of 
standard dielectric measurements of ma- 
terials in a radiation field. 

Subcommittee III on Thermal Prop- 
erties (D. L. Engle, chairman).—A re- 
vision of the Method of Test for Vicat 
Softening Point (D 1525) relaxes the 
rate of temperature rise requirement, 
for consistency with the ISO procedure. 
The procedure section of the Method of 
Test for Deformation Under Load 
(D 621) was clarified by the addition of 
explanatory notes. A round-robin test on 
a general zero-strength-time (ZST) test 
failed to demonstrate broad applica- 
bility, and the work was dropped. A 
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round-robin test and a subcommittee 
ballot were successfully completed on a 
proposed test for ignition properties of 
plastics (the Setchkin ignition method). 
Task groups are working to accomplish 
a major revision of Method D 1238, to 
study the use of notched specimens in 
Method D 746, to revise Specifications 
D 538 and Method D 635, and to sub- 
stantiate the applicability of Method 
D 1692 to flexible as well as rigid foams 
(jointly with Committee D-11). 

Section L on Ablation Testing of 
Plastics, not yet two years old, enjoys 
an active membership of over one 
hundred. Task groups are active on 
flame testing, plasma jet testing, and 
definitions. 

Subcommitiee IV on Optical Properties 
(J. H. Ross, Jr., chairman).—Because of 
the greatly increasing interest in de- 
scribing the optical clarity property 
(see-through distinctiveness of detail) 
of plastic films, a Tentative Method of 
Test for Transparency of Plastic Sheeting 
(D 1746-60T) was prepared. Par- 
ticipating laboratories have modified 
their instruments to conform to the 
method and are participating in a round- 
robin evaluation of the method. 

A proposed tentative method of test 
for yellowness index of transparent and 
opaque plastics has been drafted, 
balloted by the section and subcom- 
mittee, and is now ready for Committee 
D-20 letter ballot. The applicability of 
the proposed method for translucent 
plastics is currently under investigation. 

The Standard Method of Test for 
Diffusion of Light by Plastics (D 636), 
was withdrawn in view of the forth- 
coming recommended ppractices for 
goniophotometry of transmitting and 
reflecting objects and materials being 
proposed by Committee E-12 on Ap- 
pearance. 

Subcommittee V on Permanence Prop- 
erties (P. R. Graham, chairman).— 
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Section A on Effect of Light has com- 
pleted a Recommended Practice for 
Determining Light Dosage in Artificial 
Weathering Apparatus which has been 
approved by the committee. Final ap- 
proval by the Society awaits availability 
of a supply of standard fading chips. 
This method was backed by considerable 
research effort and has had a great deal 
of interest both in this country and 
abroad. 

Revisions of Method D1203 and 
Recommended Practice D 794 are being 
balloted upon in the subcommittee. 
This work is being conducted by Section 
B on Effect of Heat. 

A round-robin study has been ini- 
tiated in Section E on Laboratory 
Weathering to provide preliminary data 
on the performance of the Xenon Arc 
artificial weathering apparatus. Because 
of this instrument’s reported similarity 
to sunlight exposure, this work is of 
decided interest. 

Section H on Outdoor Weathering is 
revising Recommended Practice D 1435 
to include more accurate definitions, 
possible photographic standards, and 
the standard fading chip. 

Section J on Corrosivity is currently 
evaluating the galvanic current test for 
determining the corrosivity of molded 
plastics. 

Recommended practices for the de- 
termination of resistance of plastics 
to both fungi and bacteria were written 
during 1960 by Section M on Effect of 
Microorganisms. Because of a possible 
safety hazard involved in the bacterial 
method, this method has been withheld 
until more information is available. 
However, the fungi method was sub- 
mitted to Committee D-20 letter ballot 
with the bacterial method attached as 
information and for comments only. 

The work of Section N on Environ- 
mental Stress Cracking is just getting 
under way. 

Subcommitiee VII on Analytical 


Methods (J: N. Jessup, chairman) is 
developing physical and spectrographic 
test methods. Section A on. Physical 
Methods has revised Method D 792 on 
specific gravity and Method D 1505 on 
the density gradient technique. This 
latter method is presently under further 
revision to include alternate column 
preparation methods. A method for 
particle size and sieve analysis of plastic 
materials is about ready for committee 
ballot. 

Section G on Gas Permeability has 
been reactivated and is presently under- 
taking to revise Method D 1434 on Gas 
Transmission Rate of Plastic Sheeting. 

Section H on Spectrographic Methods 
has two task groups developing infrared 
methods for the analysis of polyolefins 
and vinyl chloride plastics. Round-robin 
test data are being analyzed with pre- 
liminary indications showing promise 
for the analysis of both materials. 

Plans are being made to organize a 
group to investigate gas chromatography 
methods for plastics. 

Subcommittee IX on Molds and Mold- 
ing (K. A. Weston, chairman) has re- 
vised Recommended Practice D 796 and 
completed the new Recommended Prac- 
tice for Injection Molding of Specimens 
of Polystyrene Molding and Extrusion 
Materials referred to earlier in this 
report. The procedures established per- 
mit the use of commercial injection 
molding machines for preparing these 
test specimens. Plans are being made to 
prepare a similar practice for styrene- 
butadiene plastic materials. Also com- 
pleted is a recommended practice for 
transfer molding thermosetting materials 
and suggested mold designs. 

Work is still in the formative stage 
for establishing methods for molding 
micro tension test specimens on minia- 
ture molding machines and a round-robin 
test will be conducted to evaluate the 
reliability of data obtained from such 
specimens. Establishing practices for 


preparing extruded test specimens is 
progressing and a round robin test will 
be organized to collect data for study. 

Subcommitiee X on Definitions (P. E. 
Willard, chairman) continued the prep- 
aration of definitions and abbreviations 
for terms relating to plastics. During 
the year, 29 new definitions were ap- 
proved for addition to Definitions 
D 883. Liaison with Committee D-11 
on Rubber and Rubber-Like Materials 
continued to resolve differences in 
definitions for rubber and plastics and 
thus to help in clearly establishing the 
areas of interest of each committee. All 
plastics definitions are to be combined 
in one document (D 883) and it is 
expected that this combination will be 
effected soon. 

Subcommittee XI, on Editorial Re- 
view (G. M. Kline, chairman) has re- 
viewed all proposed new and revised 
specifications, methods of test, and 
recommended practices, and submitted 
recommendations for editorial revision. 

Subcommitiee XII on _ Polyolefin 
Plastics (J. B. Howard, chairman) 
modified the specification covering poly- 
ethylene molding and extrusion materials 
(D 1248) to include the addition of 
stress-crack-resistant grade (IC5) to 
Table II. Also under active considera- 
tion were the possibility of changing 
the format of this specification to that 
of Specification D 1755 on poly (vinyl 
chloride) resins, and a revision of tension 
testing speeds. Action in the latter has 
been tabled. 

Task groups made considerable prog- 
ress on a draft of a proposed specifica- 
tion for polypropylene molding and 
extrusion compounds, and on a new 
method of preparing test sheets of 
polyethylene, designed to improve the 
precision of test results on crystallinity- 
dependent properties. Another task 


group is investigating the environmental 
stress-rupture test developed by Lander 
(Union Carbide Plastics Co.) as a 
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possible Method 
D 1693. 

Arrangements have been completed 
for improved liaison with Subcommittee 
V on Insulated Wire and Cable of Com- 
mittee D-11, and with Subcommittees 
V and X of Committee D-20 through 
delegation of responsibilities for these 
functions as follows: Subcommittee V 
(Committee D-11): J. M. Campbell; 
Subcommittee V (Committee D-20): R. 
N. Carey; and Subcommittee X (Com- 
mittee D-20): T. H. Meltzer. 

The subcommittee accepted with 
regret the resignation of D. L. Engle as 
chairman of Section C; and is fortunate 
in obtaining R. H. Carey as the new 
chairman. 

Subcommittee XIII on Statistical 
Techniques (R. H. Supnik, chairman) 
completed the proposed Tentative Rec- 
commended Practice on Sampling 
appended to this report; and a recom- 
mended practice on conducting inter- 
laboratory studies has been rewritten to 
conform to the desires of the subcom- 
mittee. 

To implement systematic reporting of 
data in Committee D-20 methods, a task 
group has composed recommended prac- 
tices regarding what values to report 
and when to discard data and to re-test. 

Three indoctrination lectures were 
held as a continuing effort to provide 
Committee D-20 members with an 
understanding of statistical considera- 
tions and concepts as they may be 
applied to writing test methods and 
specifications. The speakers and their 
subjects were as follows: (1) Ross 
Johnson, The Martin Co., Md., “Effects 
of Parts Tolerances on Tolerances of the 
Finished Assembly”; (2) Hale Sweeney, 
Research Triangle Institute, N. C., 
“Nested Designin Round-Robin Studies”; 
and (3) T. W. Lashof, National Bureau 
of Standards, “Recommended Practice 
on Conducting Interlaboratory Tests on 
Paper.” 


improvement over 
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Subcommitiee XIV on Conditioning 
(G. M. Armstrong, chairman) has 
completed a revision of Methods D 618, 
as noted earlier in this report, in which 
additional standard test temperatures, 
higher than those now recommended, 
are proposed for conditioning or testing 
higher temperature-resistant plastics and 
insulating materials. The work of this 
subcommittee is a joint activity with 
Committee D-9. 

Subcommitiee XV on Thermoplastic 
Materials (W. D. Harris, chairman) 
established two new sections during the 
past year: Section Q on Polycarbonate 
Plastics which will develop test methods 
and specifications for this new and grow- 
ing class of plastics; and Section D on 
Blown Thermoplastic Containers which 
will develop methods of characterizing 
such products of the rapidly growing 
blow molding industry. 

The subcommittee has developed a 
specification for poly(vinyl chloride) 
resins which copes with the complex 
problem of a broad spectrum of ma- 
terials by taking a new approach to 
specification writing based on a classi- 
fication system which allows each ma- 
terial to be identified according to its 
particular combination of properties. 

A specification for styrene-butadiene 
molding and extrusion materials was de- 
veloped. The two viscosity methods for 
plastisols and organosols, based on the 
Brookfield instrument for low shear 
conditions and the Castor-Severs tech- 
nique for high shear conditions have been 
accepted by the Society as noted earlier 
in this report. Specifications D 706, 
D 707, D787, and D789 have been 
revised, as noted earlier in this report, to 
bring them up to date. 

Work under way includes the de- 
velopment of a specification for poly- 
(vinyl chloride-vinyl acetate) resins; re- 
vision of Specification D 788 to refine 
deflection temperature under load test- 
ing and limits; a specification for rigid 
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poly(vinyl chloride-vinyl acetate) com- 
pounds; a recommended practice for 
oven heat stability of poly(vinyl chlo- 
ride) compositions; further revision of 
Specification D789 to refine moisture 
conditioning and control procedures; in- 
vestigation of methods for measuring 
plasticizer migration and volatilization; 
revision of Specifications and Methods 
D 1430 and D 1457 on_halocarbon 
plastics; investigation of methods for 
preparing and testing vinyl dispersions 
and their fusion products; development 
of test methods for evaluating the en- 
vironmental stress-cracking tendencies 
of blown thermoplastic containers; and 
the investigation of test methods for 
characterizing polycarbonate resins. 

Subcommittee XVI on Thermosetting 
Materials (J. E. Hanna, chairman) pre- 
pared a new Tentative Specification for 
Epoxy Resins (D 1763-60T) and a 
complete revision of Specification D 704 
for melamine formaldehyde molding 
compounds. A revision of Specification 
D 700, Phenolic Molding Compounds, 
covering the addition of two new types 
has been approved for committee ballot. 
Considerable work in the field of epoxy 
resins and epoxy compounds is under 
investigation by Section E. 

Subcommitiee XVII on Thermoplastic 
Pipe and Fittings (Frank W. Reinhart, 
chairman) is a joint activity of The 
Society of the Plastics Industry and 
ASTM Committee D-20. Plans were 
developed to integrate more closely the 
work on standards of the SPI Thermo- 
plastic Pipe Division and of Subcom- 
mittee XVII; these plans are being im- 
plemented. Section K on Nonpressurized 
Pipe was organized. Five tentative task 
groups were established in Section K on 
PVC, PE, ABS, and _styrene-rubber 
drain and sewer pipe, and on electrical 
conduit. 

Specifications for PE pipe have passed 
subcommittee letter ballot. Revisions of 
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specifications for PVC pipe (D 1785) 
have passed subcommittee letter ballot. 
A test method for acetic acid immersion 
of ABS pipe and fittings has passed sub- 
committee letter ballot. Test methods for 
acetone immersion of PVC pipe and 
fittings for dimensions, and a revision of 
D 1599 are being submitted to subcom- 
mittee letter ballot. Work is being 
initiated on specifications for conduit. 
Specifications for ABS pipe, PVC fittings, 
ABS fittings, styrene-rubber sewer and 
drain pipe, PVC drain pipe, and cements 
for ABS pipe and fittings are being sub- 
mitted to subcommittee letter ballot. 

Test methods are being developed for 
chemical resistance, impact resistance, 
measurement of expansion, measurement 
of dimensions, detection of weeping, and 
surge pressure strength. Revisions of the 
test methods for determining short-term 
and long-term strengths (D 1598 and 
D 1599) are being prepared. The method 
for determining long-term strengths and 
working pressures of thermoplastic pipe 
developed in the Thermoplastic Pipe 
Division of The Society of the Plastics 
Industry is being reviewed; a round- 
robin testing program on this proposal 
was established. Formulas for relating 
circumferential stress, dimensions, and 
internal pressure are also under con- 
sideration with a view to adopting one 
as a standard for use in the work of the 
subcommittee. 

The request that the USA be repre- 
sented in ISO0/TC5/SC6 on Plastic Pipe 
has been granted. A USA National 
Committee to handle the work for the 
American Standards Assn. with repre- 
sentation from ASTM Committee D-20, 
The Society of the Plastics Industry, the 
Society of the Plastics Engineers, Manu- 
facturing Chemists Assn., and Section 
Committees B16, B31, and B72 in the 
American Standards Assn. has been 
proposed to ASA. 

Subcommittee XVIII on Reinforced 
Plastics (H. A. Perry, chairman).— 
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Section A has continued activity on flat 
sheets in cooperation with Committee 
D-9. Section B is continuing to develop 
test methods, dimensional standards, 
and specifications on reinforced plastics 
pipe in cooperation with The Society of 
the Plastics Industry. Section C has been 
closely coordinated with the Commer- 
cial Standards groups and has recom- 
mended a specification on corrugated 
sheets for committee ballot. Section D 
was reactivated to establish the require- 
ments for test methods and specifica- 
tions on laminating resins, to review 
existing test methods which have been 
standardized by ASTM that may meet 
the requirements, and to determine the 
need for further work in this area. Sec- 
tion E has continued the development 
of a specification on glass fabrics, heat- 
cleaned and finished for plastics 
laminates, and has undertaken new 
work in the area of yarns and rovings, 
particularly for filament winding. Sec- 
tion H was formed to undertake the 
development of methods of sample 
preparation and test methods, specific 
to reinforced plastics. Section I was 
formed to develop methods of inspection 
and non-destructive testing specific to 
reinforced plastics. Section J was 
formed to develop test methods and 
specifications on prepreg reinforcements 
and premix molding compounds. 

Subcommittee XIX on Plastic Film 
and Sheeting (K. A. Kaufmann, chair- 
man).—Section A prepared the new 
Method of Test for Evaluation of 
Welding Performance for Poly(Vinyl 
Chloride) Structures (D 1789-60 T). 
Work on a proposed tentative specifica- 
tion for rigid poly(vinyl chloride) sheet 
is complete and has been submitted for 
committee approval. Currently the sec- 
tion is working on a similar tentative 
specification for poly(vinyl chloride) 
copolymer sheet. 

Section B completed work on a 
Proposed Method of Test for the Kinetic 
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Coefficient of Friction of Polyethylene 
Film. Currently under subcommittee 
ballot is a proposed Tentative Specifica- 
tion for Polyethylene Film; and round- 
robin studies are in progress on a 
proposed method of test for determining 
the impact resistance of thick poly- 
ethylene film. 

Section D made further revisions in 
the Specification for Cast Methacrylate 
Plastic Sheets, Rods, Tubes and Shapes 
(D 702-60 T). Further work on meas- 
urement of optical properties of rods, 
tubes, and shapes is in progress. 

Section F is studying test methods for 
degree of surface treatment of poly- 
ethylene film through round-robin ac- 
tivity. The subcommittee is presently 
considering revision of the Specification 
for Biaxially Oriented Styrene Plastic 
Sheet (D 1463) to bring it more in line 
with current commercial products. 

Subcommittee XX on Cellular Plastics 
(S. Steingiser, chairman) continues its 
development of methods of test for water 
absorption, water vapor transmission, 
permanence properties, flexure and 
dimensional stability. 

Liaison has been established with 
Committee C-16 on Thermal Insulating 
Materials for development of test 
methods on thermal conductivity. The 
heat flow meter method is now being 
processed through Committee C-16 
while the line probe method is being 
redrafted in Subcommittee XX _ for 
either publication as information or 
promulgation as a tentative. 

Work on the open and closed cell 
method continues with some effort to 
develop a new method of test. However, 
no definitive action can yet be taken 
without further laboratory investiga- 
tion. The original method written some 
years ago will still need to be held until 
such work is done. 

Specification work in polystyrene 
form is still in its final stages and it is 
hoped that difficulties there are resolved 
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shortly. Specifications on rigid urethane 
foam are in process now as data are 
being developed. 

Subcommittee XXI, U. S. A. Na- 
tional Committee, ISO/TC 61 (A. Webber, 
chairman).—A practical basis for simpli- 
fying and increasing international 
plastics trade was another important 
step toward maturity as the Interna- 
tional Standards Organization’s Techni- 
cal Committee on Plastics (ISO/TC 61) 
completed its tenth annual week-long 
meeting in Prague, Czechoslovakia. With 
keener competition to American in- 
dustry, particularly from Europe’s highly 
successful common markets, the inner 
six and outer seven, ISO/TC 61 stand- 
ards become the working tools for 
competing on a par with other nations. 
Producers and consumers alike find 
internationally-agreed methods, speci- 
fications, and terminology useful, both 
in international trade and in their own 
national standards work. In addition, 
the exchange of purely technical in- 
formation, apart from commercial work, 
is smoother, simpler, and less expensive. 

It was with these ideas in mind that 
113 delegates from 15 nations approved 
for ballot three more methods of test 
for plastics: (1) torsion stiffness as a 
function of temperature; (2) maximum 
temperature and rate of rise during 
setting of unsaturated polyesters; and 
(3) tensile stress-strain properties. These 
bring to 36 the total of draft ISO Recom- 
mendations sanctioned by TC 61 for 
final preparation international 
methods. New methods and methods for 
re-balloting of the 36 member nations of 
TC 61 included: (1) resistance to color 
changes by sunlight, (2) chemical re- 
sistance, (3) resistance to light from the 
carbon-arc, (4) analysis of monomer and 
low molecular weight polymer in poly- 
amides, (5) viscosity of polyamides in 
concentrated solution, and (6) water 
content of polyamides. Five ISO recom- 
mendations prepared by the Technical 


REPORT OF COMMITTEE D-20 
| 


Committee were published during the 
past year which bring to nine the total 
of published ISO recommendations for 
plastics. 

Thus, the ISO Technical Committee 
on Plastics has retained its front-run- 
ning position as the most productive of 
the ninety-seven ISO committees dealing 
with industrial products and processes. 

Subcommitiee XXII on Plastics for 
Tooling (J. J. Mele, chairman) has 
decided upon the scope of each of its 
five sections: Section A on Ingredient 
Specifications; Section B on Plastics 
Specifications; Section C on Ingredient 
Test Methods; Section D on Plastics 
Test Methods; and Section E on Nomen- 
clature. It has been agreed that sections 
working on ingredient specifications and 
test methods will include in their scope 
all resin and curing agent combinations 
up to the point when the system is con- 
sidered set. From this point on, sec- 
tions working on plastics specifications 
and test methods will take over. 

Subcommittee letter ballots have been 


distributed on a plastic test method on 
shrinkage. The Epoxy Resin Formulators 
and the Plastic Tooling Section of The 
Society for the Plastic Industry are also 
compiling data and preparing test 
methods and specifications. Wherever 
possible, Subcommittee XXII would 
first consider incorporating work and 
results available from these two organi- 
zations and with their respective per- 
mission and assistance, prepare letter 
ballots according to ASTM procedures. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 263 voting members; 160 
members returned their ballots, of whom 
147 have voted affirmatively and 0 
negatively. 


Respectfully submitted on behalf of 
the committee, 
J. B. DeCoste, 
Chairman. 


C. F. FERRARO, 
General Secretary, 
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New Tentative Method of Test for: 


"iE New Tentative Recommended Practice for: 


Revision of Tentative Method of Test for: 


Plastics (D 883 - 61 T). 


Plastics (D 1600 - 60 T). 
Consolidation of: 


Particle Size (Sieve Analysis) of Plastic Materials (D 1921 - 61 T), 

Propagation Tear Resistance of Plastic Film and Thin Sheeting (D 1922 - 61 T), and ity 

Tensile Properties of Thin Plastic Sheet by Means of Incline Plane Test (D 1923 - 61 T). a 


Determining Resistance of Plastics to Fungi (D 1924 - 61 T). 


Coefficients of Friction of Plastic Film (D 1894-61 T), 
Tensile Properties of Plastics (D 638 - 60 T), and 
Tensile Properties of Thin Plastic Sheeting (D 882 - 56 T). 


Revision of Tentative Definitions of Terms Relating to: 


Revision of Tentative Abbreviations of Terms Relating to: 


- Subsequent to the Annual Meeting, Committee D-20 presented to the Society through 
7 the Administrative Committee on Standards the following recommendations: 
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Tentative Nomenclature of Descriptive Terms Pertaining to Plastics (D675-60T) and 
Tentative Definitions of Terms Relating to Plastics (D 883 - 61 T), the title and desig- _ fost 
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nation of the combined documents to be “Tentative Nomenciature of Terms Relating 

to Plastics (D 883 - 61 T).” 

These recommendations were accepted by the Standards Committee on September 12, 
1961, and the new and revised tentatives appear in the 1961 Book of ASTM Standards, 
Part 9. 

The following additional recommendations of Committee D-20 were accepted by the 
Standards Committee on the dates indicated; the revision of Tentative Definitions D 883 
appear in Part 9 of the 1961 Book of Standards, and the others are available as separate 
reprints: 

New Tentative Method of Test for: 

_ Yellowness Index of Transparent and Opaque Plastics (D 1925 - 62 T) (Accepted Jan. 3, — 

Revision of Tentative Definitions of Terms Relating to: 
Plastics (D 883 - 61 T) (Accepted Jan. 3, 1962). 


Revision and Reversion to Tentative of Standard Method of Test for: 


Prastics 


Volatile Loss from Plastic Materials (D 1203 - 55) (Accepted Dec. 11, 1961). 7 =A 
Revision and Reversion to Tentative of Recommended Practice for: ae Pir 
Determining Permanent Effect of Heat on Plastics (D 794 - 49) (Accepted Jan. 12, 1962). [ered 
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WAX POLISHES AND RELATED MATERIALS 


Committee D-21 on Wax Polishes and 
Related Materials held one meeting dur- 
ing the year: in Cincinnati, Ohio, Feb. 2 
and 3, 1961. In addition, the subcom- 
mittees met in Chicago, Ill., May 18, 
1961. 

Additions and changes during the 
year brought the membership of the 
committee to 70, of whom 32 are classi- 
fied as producers, 12 as consumers, and 
26 as general interest members, with one 
consulting member. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee reviewed all of the 
tentatives under its jurisdiction and 
recommends their continuation without 
revision. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Nomenclature (J. V. 
Steinle, chairman) is continuing its work 
on definitions for inclusion in a glossary 
of terms relating to wax polishes. Several 
new definitions are currently under letter 
ballot to the subcommittee. 

Subcommittee II on Raw Materials 
(Herbert Mellan, chairman) is reviewing 
methods of determining the melting point 
of waxes with the aim of establishing a 
standard method for wax polish raw 
materials. A compilation of proposed test 
methods for emulsion polymers used in 
wax polishes is also in preparation. In 
addition, work is continuing on the 
development of a method for the deter- 
mination of resin content of natural 
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Subcommitiee III on Chemical and 
Physical Testing (J. G. Sinsheimer, chair- 
man) is developing a test method for 
determining the freezing-thawing sta- 
bility of emulsion polishes. Other task 
groups are currently working on methods 
for the determination of total solids and 
silicone content of solvent-based polishes. 

Subcommittee IV on Performance Tests 
(C. S. Kimball, chairman) is completing 
a revision of the proposed method of 
test for static coefficient of friction of 
waxed surfaces, which was published 
in 1954 as information only. The revised 
method will be submitted to letter 
ballot of the committee for approval 
as a tentative. A method for determining 
the adhesion or “powdering” of floor 
polishes is also nearing completion. In 
addition, task groups are investigating 
methods of determining discoloration 
and recoatability of emulsion polishes. 

Subcommittee V on Specifications (Wil- 
liam Joy, chairman) is continuing the 
preparation of a specification for indus- 
trial-type water emulsion floor waxes. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 70 members; 45 members 
returned their ballots, of whom 39 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
W. W. WALToN, 
Chairman. 


BAYARD S. JOHNSON, 


Secretary. 
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Committee D-22 on Methods of At- 
mospheric Sampling and Analysis met 
on Jan. 31 and Feb. 1, 1961, in Cincin- 
nati, Ohio. 

The committee membership at the 
time of the January-February, 1961, 
meeting totaled 100. 

The committee was represented by 
Dr. M. Katz at a meeting of an ad hoc 
committee held in New York City, 
December 6, 1960, to consider a proce- 
dure for the development of a jointly- 
sponsored manual on recommended 
methods for the sampling and analysis 
of air. 

The ad hoc group had proposed that 
the work be done by an intersociety 
committee under the administrative 
cognizance of the American Public 
Health Assn. In considering this pro- 
posal, Committee D-22 had some 
reservations about the feasibility of the 
project as outlined, but it did agree in 
principle that the manual was much 
needed, and the committee was pre- 
pared to cooperate fully in the work. 


New TENTATIVE 


The committee recommends for pub- 
lication as tentative the Method of Test 
for Mass Concentration of Particulate 
Matter in the Atmosphere (Continuous- 
Measurement Light-Scattering Method) 
as appended hereto.! 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 
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METHODS OF ATMOSPHERIC SAMPLING AND ANALYSIS* __ 


ADOPTION OF TENTATIVE AS STANDARD 
WitHovuT REVISION 


The committee recommends that the 
Tentative Method of Test for Particu- 
late Matter in the Atmosphere (Optical 
Density of Filtered Deposit) (D 1704 - 
59 T)? be approved for reference to 
letter ballot of the Society for adoption 
as standard without revision. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature and 
Units (E. R. Hendrickson, chairman) 
has prepared proposed Recommended 
Tables of Conversion Units and Factors. 

Subcommitiee II on Sampling and 
Analysis (H. Chapman, chairman).— 
Task Group C on Sampling for Particu- 
late Matter is preparing a guide showing 
what materials can be collected by 
filtration. Task Group D on Particle 
Size is preparing a procedure for the 
microscopic examination of samples col- 
lected on a millipore filter, and another 
procedure on the preparation of millipore 
samples for electron microscopy. Task 

1The new tentative appears in the 1961 
Book of ASTM Standards, Part 10. 

2 1960 Supplement to Book of ASTM Stand- 
ards, Part 10. 

3 The letter ballot vote on these recommen- 


dations was favorable; the results of the vote 
are on record at ASTM Headquarters. 
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Group E on Stack Sempling is develop- 
ing a standard procedure suitable to 
most field problems. Task Group F on 
Miscellaneous Methods is being reorgan- 
ized into two sections, one on corrosion 
and another on vegetation sampling. 
Task Group G on Lead Peroxide (SO,) 
Candle is planning field trials to ascer- 
tain the most suitable method of prepa- 
ration and handling of candles. Other 
Task Groups are developing methods 
for determining SO, SO3, organic lead, 
formaldehyde, acrolein, and polynuclear 
hydrocarbons. 

Subcommitiee III on Instrumentation 
(M. D. Thomas, chairman) completed 
the proposed Tentative Method of 
Test for Mass Concentration of Particu- 
late Matter in the Atmosphere (Light- 


EDITORIAL NOTE 


Scattering Method). Procedures for 
continuous analysis of oxidant and 
oxides of nitrogen are near completion. 
Procedures are being considered for 
directional dustfall sampling, fluoride 
recorders, and sulfuric acid analysis. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 66 voting members; 35 mem- 
bers returned ballots, of whom 31 have 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 
J. 
Chairman. 


A. T. Rossano, Jr., 7 
Secretary. Gans 
wit aif 


Subsequent to the Annual Meeting, Committée D-22 presented to the Society through 
the Administrative Committee on Standards the recommendation that the Recommended 


Practice for Conversion Units and Factors Relating to Atmospheric Analysis be published 
as tentative. This recommendation was accepted by the Standards Committee on Sep- 


tember 12, 1961, and the new tentative recommended practice appears in the 1961 Book 


of ASTM Standards, Part 10, bearing the designation D 1914 - 61 T. 
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Committee D-23 on Cellulose and 
Cellulose Derivatives held one meeting 
during the year: in New York City on 
September 14, 1960. The Executive 
Subcommittee also met in New York 
City on February 23, 1960. 

The committee consists of 47 members, 
of whom 14 are classified as producers, 
11 as consumers, and 22 as general in- 
terest members. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1960 Annual Meet- 
ing, Committee D-23 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 

New Tentative Method of Test for: 

Pentosans in Cellulose (D 1787 —- 60 T). 
Withdrawal of Tentative Method of Test for: 
Pentosans in Cellulose (Aniline Acetate Colori- 

metric Method) (D 1438 — 56 T). 

These recommendations were ac- 
cepted by the Standards Committee on 
September 29, 1960, and the new Tenta- 
tive Method D1787 appears in the 
1960 Supplement to Book of ASTM 
Standards, Part 6. 


ProposED METHOD TO BE PUBLISHED 
AS INFORMATION 


The committee recommends for pub- 
lication as information only the Proposed 


* Sixty-fourth Annual Meeting of the Society, 
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CELLULOSE AND CELLULOSE DERIVATIVESt 


Methods of Test for Carboxyl Content 
of Cellulose as appended hereto.! 


REVISION OF TENTATIVE 


The committee recommends revisions 
as appended hereto? of the Tentative 
Methods of Testing Sodium Carboxy- 
methylcellulose (D 1439 — 58 T)* and con- 
tinuation of the method as tentative. 


REVISION OF STANDARD AND 
REVERSION TO TENTATIVE 


The committee recommends revisions 
as appended hereto? of the Standard 
Methods of Testing Cellulose Acetate 
(D 871-56)’ and reversion of the 
method to tentative. 


ADOPTION OF TENTATIVE AS STANDARD 
WirtnHout REVISION 

The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 
Tentative Methods of Test for: 
Moisture in Cellulose (D 1348-58 T),? and 


Solubility of Cellulose in Sodium Hydroxide 
(D 1696 59 


EDITORIAL CHANGES 


The committee recommends editorial 
changes as follows in the Tentative 


1 Subsequent to the Annual Meeting, this 
proposed method was accepted for publication 
as tentative; see editorial note, p. 593. 

2?The revised method appears in the 1961 
Book of ASTM Standards, Part 6. 

31958 Book of ASTM Standards, Part 6. 

41959 Supplement to Book of ASTM Stand- 
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Method of Test for Intrinsic Viscosity 
of Cellulose (D 1795 - 60 T):5 

Section 10(b).—Change the last sen- 
tence to read: “Repeat at least twice 
and average the observations, which 
should not differ by more than 0.3 
per cent.” 

Section 11—Add a new Paragraph (e) 
to read as follows: 

(e) “Based on an interlaboratory test, the 
reproducibility among laboratories should be 
+3 per cent.” 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 

Subcommitiee I on Nomenclature and 
Definitions (Kyle Ward, Jr., chairman) 
is developing revisions of the Tentative 
Definitions of Terms Relating to Cellu- 
lose and Cellulose Derivatives (D 1695 - 
60 T). 

Subcommittee II on Cellulose (E. S. 
McColley, chairman) has prepared the 
Proposed Methods of Test for Carboxy] 
Content of Cellulose, and has also 
recommended the editorial revisions of 
Method D 1795 as noted earlier in this 
report. 

A method for measurement of white- 
ness by calculating the values from a 
G.E. Recording Spectrophotometer re- 
flectance curve is under consideration. A 
solution color method based on trans- 
mission of a cadmium complex (Cadox- 
ene) solution at 540 my is also being 
considered. 

The Task Group on Ash and Ash 
Constituents is studying both an ash 
procedure similar to TAPPI Method 
T 211m-58 and a sulfated ash procedure 
published in Sweden. 

5 1960 Supplement to Book of ASTM Stand- 
ards, Part 6. 


® The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 


on record at ASTM Headquarters. a Secretary. 


The Task Group on Chromatographic 
Methods has analyzed a series of ICCA 
pulps and mixtures of pure sugars, with 
and without simulated hydrolysis, and 
prepared a proposed procedure. 

Subcommittee III on Organic Esters 
(L. B. Genung, chairman) has com- 
pleted the revision of Method D 871 
to include new test procedures for acetyl 
(alternate), hydroxyl, primary hydroxy], 
intrinsic viscosity, color, combined sul- 
fur or sulfate, and heat stability as 
appended to this report. A similar re- 
vision of Method D 817 is in progress. 
All the above listed new test procedures 
have been added, and the method is 
extended to include cellulose acetate 
propionates as well as acetate butyrates. 

Subcommittee IV on Inorganic Esters 
(C. B. Gilbert, chairman) is in the proc- 
ess of revising Sections 16 and 17 of 
Method D 301 to conform to the single 
dilution tests described in Method 
D 1720 - 60 T, under the jurisdiction of 
Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products. 

Subcommittee V on Cellulose Ethers 
(R. W. Swinehart, chairman).—The 
Task Group on Purified Sodium Car- 
boxymethy] cellulose has prepared the 
alternate method for degree of etherifi- 
cation and the colorimetric procedure 
for sodium glycolate as appended to this 
report as a revision of Method D 1439. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 47 voting members; 29 have 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
F. A. Smumonps, 


Chairman. 


W. W. BECKER, 
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Epiror1AL Note a; 


Subsequent to the Annual Meeting, Committee D-23 presented to the Society through » P 
the Administrative Committee on Standards the following recommendations: 
New Tentative Method of Test for: 


Chromatographic Analysis of Chemically Refined Cellulose (D 1915 - 61 T), and : j 
_ Carboxy! Content of Cellulose (D 1926 - 61 T). 7 


on These recommendations were accepted by the Standards Committee on September 12. : . 
1961, and the new tentative methods appear in the 1961 Book of ASTM Standards 
Part 6. 
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CARBON BLACK* 


Committee D-24 on Carbon Black 
and its subcommittees held two meetings 
during the year: in Atlantic City, N. J. 
on June 28, 1960, and in Cincinnati, 
Ohio, on January 31, 1961. 


New TENTATIVE 


The committee recommends for pub- 
lication as tentative the Method for 
Sampling Bulk Shipments of Carbon 
Black, as appended hereto.’ 


REVISION OF TENTATIVE 


The committee jointly with Com- 
mittee D-11 on Rubber and Rubber- 
Like Materials, recommends revision as 
follows of the Tentative Specification for 
Carbon Blacks Used in Rubber Products 
(D 1765 - 60 T)? and its continuation as 
tentative: 

Table II.—Revise modulus limits for 
GPF black to read as follows: 


Stress at 300 per cent Elongation, psi 


Type and 
Minutes at 293 F 
Min Max 
GPF 
15 —400 +100 
30 —525 —25 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


* Sixty-fourth Annual Meeting of the So- 
ciety, June 25-30, 1961. 

1 The new tentative appears in the 1961 Book 
of ASTM Standards, Part 9. 

21960 Supplement to Book of ASTM 
Standards, Part 9. 

3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are on 
record at ASTM Headquarters. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Physical Tests 
(J. F. Svetlik, chairman) is continuing 
work on a test method for mass strength 
of pelleted carbon black. 

Subcommittee III on Optical Tests 
(J. E. Smith, chairman) has reviewed 
the benzene discoloration method 
(D 1618) and recommends continuation 
as tentative without revision. 

Subcommittee IV on Nomenclature 
(J. F. Gifford, chairman) is considering 
methods of classifying rubber grade 
carbon black and possible nomenclature 
for new grades. 

Subcommittee V on Sampling (R. O. 
Treat, chairman) prepared the Tenta- 
tive Method for Sampling Bulk Ship- 
ments of Carbon Black appended to this 
report.! 

Subcommittee VII on Specifications 
(J. F. Gifford, chairman) is working in 
conjunction with Subcommittee XXIX 
of Committee D-11 on Rubber and 
Rubber-Like Materials on carbon blacks 
in styrene-butadiene rubbers (SBR). 
The two groups prepared the re- 
visions of Tentative Specifications for 
Carbon Blacks Used in Rubber Products 
(D 1765) referred to earlier in the report. 

This report has been submitted to 
letter ballot of the committee, which con- 
sists of 56 members; 41 members re- 
turned their ballots, of whom 32 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
N. P. BEKEMA, 
Chairman. 
T. D. Bott, 


Secretary. 
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REPORT OF COMMITTEE D-25 
ON 


CASEIN AND SIMILAR PROTEIN MATERIALS 


Committee D-25 on Casein and Similar 
Protein Materials held two meetings dur- 
ing the year: on May 26, 1960, in Chi- 
cago, Ill., and on Feb. 24, 1961, in New 
York, N. Y. 

The committee consists of 25 members, 
of whom 7 are classified as producers, 8 
as consumers, and 10 as general interest 
members. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I, Editorial and Nomen- 
clature (M. E. Stonebreaker, chairman) 
has prepared a series of proposed defini- 
tions of terms which are being submitted 
to the full committee for an expression of 
approval. 

Subcommittee III on Chemical Tests 
(E. T. McBroom, chairman) is continu- 
ing the development of methods for fat in 
casein and isolated soy protein and a pro- 
cedure to determine the bacterial count 
in these materials. 

Subcommittee IV on Physical Tests (E. 
Maynard, chairman) has completed a 3- 
year cooperative study on determining 
the Brookfield viscosity, in apparent 
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centipoises, on a 15 per cent solid casein 
solution at 25 C (77 F). Variables stud- 
ied were type of mixer, speed (rpm) of 
spindle, type of spindle, and pH. These 
data show that a satisfactory standard 
method should include a specified mixer, 
speed of spindle specified to +10 per 
cent, and that a drop of defoamer be 
added to the casein solution. 

Twelve laboratories cooperatively de- 
veloped data for a method for wax pick 
and I.G.T. pick strength determinations 
on samples of soy protein coated paper. 
The method showed good reproducibility 
and will be submitted to subcommittee 
letter ballot. 

Work is continuing on sieve analysis 
and tests for foaming foreign matter, in- 
solubles, minimum alkali, and odor. 


Respectfully submitted on behalf of 
the committee, 
L. E. CLARK, JR., 
Chairman. 
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Committee D-26 on Halogenated 
Organic Solvents held two meetings 
during the year: in Atlantic City, N. J., 
on June 30 and July 1, 1960, and in 
Cincinnati, Ohio, on Feb. 2 and 3, 1961. 
Subcommittee IV held a special meeting 
in New York City in October, 1960; 
and Subcommittee III met in Pitts- 
burgh in March, 1961. 

The committee consists of 67 mem- 
bers, of whom 21 are classified as pro- 
ducers, 31 as consumers, and 15 as gen- 
eral interest members. 


New TENTATIVE 


The committee recommends for pub- 
lication as tentative the proposed Tenta- 
tive Method of Test for Relative Evapo- 
ration Time of Halogenated Hydrocar- 
bons and Their Admixtures as appended 
hereto. 


The recommendation in this report 
has been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.? 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Vapor Degreasing 
(V. B. Smesrude, chairman) is pre- 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 

' The new tentative appears in the 1961 Book 
of ASTM Standards, Part 10. 

2 The letter ballot vote on this reeommenda- 
tion was favorable; the results of the vote are 
on record at ASTM Headquarters. | 


al 


ce REPORT OF COMMITTEE D-26 ro, 


” 
596 


paring a monograph on all aspects of 
this process. 

Subcommittee III on Cold Cleaning 
(M. Z. Poliakoff, chairman) is working 
on a list of halogenated hydrocarbons as 
requested in a survey made of major 
consumers, The subcommittee is also 
studying the problems of promoting the 
safe use of cold cleaners and of ex- 
pressing the hazard of these solvents 
considering both toxicity and flamma- 
bility. 

Subcommittee IV on Test Methods 
(R. T. K’Burg, chairman) prepared the 
new method appended to this report. 
The subcommittee is studying ASTM 
procedure for determination of boiling 
range, specific gravity, stability, and 
acid acceptance of trichloroethylene and 
perchloroethylene; and also determina- 
tion of explosibility of volatile liquid 
solvent mixtures. Work is under way 
on boiling range, specific gravity, flash 
points, moisture, acidity or alkalinity, 
residue, and color of solvent mixtures. 

Subcommittee V on Industrial Hygiene 
(N. E. Whitman, chairman) is sub- 
mitting definitions of dermatitis, toxicity, 
etc., and editing all reports from the 
viewpoint of the Industrial Hygienist. 

Subcommittee VI on Dry Cleaning 
(A. P. Stetser, chairman) will be for- 
mally organized in June, 1961, at the 
Annual Meeting. 
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This report has been submitted to 
letter ballot of the committee, which con- 
sists of 67 members; 32 members re- 
turned their ballots, all of whom have 
voted affirmatively. 
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Respectfully submitted on behalf of 
the committee, 
W. D. McMaster, 
Chairman. 
W. L. CAMPBELL, 
Secretary. 
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REPORT OF COMMITTEE D-27 


ON 


ELECTRICAL INSULATING LIQUIDS AND GASES* 


Committee D-27 on Electrical Insulat- 
ing Liquids and Gases held three meet- 
ings during the year: in Atlantic City, 
N. J., during the Annual Meeting of the 
Society, on June 29 to July 1, 1960; in 
Williamsburg, Va., on Nov. 1-4, 1960; 
and in Washington, D.C., on March 
20-22, 1961. 

At the time of the Washington meeting 
the membership total was 105, of whom 
78 were voting representatives; 28 were 
classified as producers, 58 as consumers, 
and 19 as general interest members. 

The following liaison representatives 
have been appointed during the year: 

E. R. Thomas as representative of 
Committee D-27 on Technical Commit- 
tee 10 on Insulating Oils of the Interna- 
tional Electrotechnical Commission. 

R. G. Call as representative of Com- 
mittee D-27 on the Power Station 
Chemistry Group of the Edison Elec- 
tric Inst. 

E. L. Raab as representative on the 
Transformer Committee on Askarels of 
ATEE. 

Paul Narbut as representative on 
Section VI of the Committee on Gaseous 
Dielectrics of ATEE. 

J. C. Parker as representative on the 
Insulated Conductors Committee of 
AIEE. 

The committee lost two of its members 
of long standing in the deaths of Jayson 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 


C. Balsbaugh on July 17, 1960, and O. 
Emmett Fawcett on August 7, 1960. 

Frank M. Clark, who retired from 
active service with the General Electric 
Co. on July 1, 1960, has been elected an 
honorary member of the committee. 

E. R. Thomas will attend the meeting 
of Committee 10 on Insulating Oils of 
the International Electrotechnical Com- 
mission (IEC) which will be held on June . 
28-30, 1961 in Interlaken. 

One item for discussion at this meeting 
is international standardization of a 
sludge test which is somewhat similar to 
the ASTM sludge accumulation test 
(D 1314). The fact that Committee 
D-27 has now approved a test method 
for dielectric strength using the VDE 
gap and electrodes (D 1816) will be of 
interest to the IEC committee since it is 
favorably disposed toward this type of 
apparatus. 

Committee 1 of the International 
Conference on Large Electric Systems 
(CIGRE) has agreed on the design of a 
cell for power factor determinations 
which is quite similar to the ASTM cell 
and should give equivalent results. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1960 Annual Meet- 
ing, Committee D-27 presented to the 
Society through the Administrative 
Committee on Standards the following 
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recommendations which were accepted 
on the dates indicated: AT car 


New Tentative Methods of Test for: 


Dielectric Strength of Insulating Oil of Petro- 
leum Origin (Using VDE Electrodes) 
(D 1816-60T) (Accepted Sept. 29, 1960), 

Hydrolyzable Chlorine Compounds in Chlor- 
inated Aromatic Hydrocarbons (Askarels) 
(D 1820-60 'T) (Accepted Dec. 29, 1960), 

Inorganic Chlorides in Askarels (D 1821 - 60 T) 
(Accepted Dec. 29, 1960), and 

Gas Content (Non-Acidic) of Insulating Liquids 
by Displacement with Carbon Dioxide 
(D 1827 - 61 T) (Accepted Feb. 15, 1961). 


New Tentative Continuity Specifications for: 


Electrical Insulating Oil for Low Pressure 
Cable Systems (D1818-60T) (Accepted 
Dec. 29, 1960), and 

Electrical Insulating Oil for High Pressure 
Cable Systems (D1819-60T) (Accepted 
Dec. 29, 1960). 


The new Tentative Method D 1816 
appears in the 1960 Supplement to Book 
of ASTM Standards, Part 9. The other 
new methods and specifications are 
available as separate reprints. 


New TENTATIVES 


The committee recommends for publi- 
cation as tentative the following methods 
as appended hereto:! 


Tentative Methods of Test for: 

Approximate Acidity and Polar Contamination 
in Used Mineral Transformer Oil by Spot 
Tests, 

Coefficient of Thermal Expansion of Electrical 
Insulating Liquids of Petroleum Origin, and 
Askarels, and 

Oxidation Characteristics of Mineral Trans- 
former Oils. 


REVISION OF TENTATIVE 


The committee recommends revisions 
as appended hereto! of the Tentative 
Method of Test for Approximate 


1The new and revised tentatives appear in 
the 1961 Book of ASTM Standards, Part 11. 
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Acidity of Used Electrical Insulating 
Oil of Petroleum Origin (D 1534 - 58 T)? 
and continuation of the method as 
tentative. 


REVISION OF STANDARD AND 
REVERSION TO TENTATIVE 


‘cule 


The committee recommends revisions 
as appended hereto! of the Standard 
Method of Test for 2,6-Ditertiary- 
Butyl Para-Cresol in New Electrical 
Insulating Oils (D 1473-60)? and re- 
version of the method to tentative. ‘a 
REVISION OF STANDARD, reed 


IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as follows of 
the Standard Method of Test for Water 
in Insulating Liquids (Karl Fischer 
Method) (D 1533 - 60)* and accordingly 
asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society: 

Section 4.—Add the following Note to 
Paragraph (c), renumbering the present 
Note 2 and subsequent notes accord- 
ingly: 

Note 2.—In a sealed system, recleaning and 


redrying of the stirrer are not necessary for 
routine use. 


In Paragraph (d) delete the words 
*30-ml capacity.” 

Section 6(a).—Add the following new 
Note 4 and renumber the subsequent 
notes accordingly: 


Note 4.—More dilute solutions of Karl 
Fischer reagent may be used on samples of low 
water content. 


Section 7.—Add a subtitle to read 
“Method A—Methanol-Water Solu- 
tion.” 

21958 Book of ASTM Standards, Part 9. 


31960 Supplement to Book of ASTM Stand- 
ards, Part 9. 
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New Section.—Add the following new 
Section 8, renumbering the present 
Section 8 and subsequent sections 
accordingly: 


8. Method B—Sodium Tartrate Dihydrate.— 
(a) The water content of the sodium tartrate 
should be 15.66 + 0.05 per cent. This value 
should be checked by drying a preweighed 
sample to a constant weight in an oven at 
150 C. 

(6) From a tared weighing bottle or by using 
a glass capsule, add 0.025 to 0.05 g of sodium 
tartrate, the weight of which is known to the 
nearest 0.001 g, to 100 ml of dried solvent as in 
Section 7(a). Titrate to the same end point with 
Karl Fischer reagent and record the amount of 
reagent. 

(c) Calculate the water equivalent of the Karl 
Fischer reagent as follows: 


g sodium tartrate X 0.1566 


F 
ml Karl Fischer reagent 


(d) Repeat the standardization and average 
the two values. 


WITHDRAWAL OF TENTATIVE 


The committee recommends the with- 
drawal of the Tentative Method of Test 
for Free Chlorides in Askarels (D 1811 - 
60 T).* This recommendation is made 
since the Method of Test for Inorganic 
Chlorides in Askarels (D 1821-60 T) 
is a more complete method. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee A on Mineral Oils (E. L. 
Raab, chairman) has observed a develop- 
ing trend to examine insulating oils for 
thermal decomposition in relatively 
closed systems from which oxygen is 
excluded. The use of infrared spec- 
troscopy has increased in interest and a 

* The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM ——— 


non-technical explanation is in prepara- 
tion. The subcommittee has completed 
the preparation of continuity specifica- 
tions for light and heavy cable oils 
referred to earlier in the report. The work 
of the subcommittee ties in closely with 
foreign developments in the IEC, and 
the action taken by that body and 
CIGRE on power factor, dielectric 
strength, and sludge testing is awaited 
with interest. 

Subcommittee B on Synthetics (T. K. 
Sloat, chairman).—With the increasing 
number of methods of testing askarels, 
the committee is recommending their 
issuance as separate methods. Methods 
of Testing Askarels (D 901) then will 
become a reference to the methods and 
will contain only statements on signifi- 
cance and definitions of the various 
tests, similar to the arrangement of 
Methods for Testing Electrical Insulat- 


ing Oils (D 117-58). As the result of 


work by the subcommittee, eight sepa- 
rate methods for testing askarels will be 
ready for publication this year. 

Work on silicones and synthetics is 
proceeding slowly in this relatively new 
field. 

Subcommiltee C on Gases (R. B. 
Blodgett, chairman) has set up two 
groups, one on pure gases such as nitro- 
gen, and a second group on halogenated 
gases. Considerable progress has been 
made in the development of a speci- 
fication for nitrogen to meet the service 
requirements. Sulfur hexafluoride will 
also be considered. 

Subcommitiee O on Chemical Tests 
(H. W. McCulloch, Jr., chairman) 
prepared the following new methods and 
revisions which are included in the 
report: new tests for Approximate 
Acidity and Polar Contamination in 
Used Transformer Oil by Spot Tests, 
and Oxidation Characteristics of Mineral 
Transformer Oils, and _ revisions of 
Methods D 1534, D 1473, and D 1533. 


> 
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Progress has been reported in metal 
determination and tests for stability of 
askarels. 

Subcommittee N on Electrical Tests 
(H. O. Bennett, chairman) prepared the 
new Method for Dielectric Strength 
using the German VDE electrodes 
(D 1816), referred to earlier. A revision 
of Method D 877 is under way to make 
apparatus and statistical sections corre- 
spond with those of the new Method 
D 1816. Round-robin tests are in prog- 
ress on methods for evaluating the 
dielectric strength of insulating gases and 
the gassing tendency of insulating oils. 
Stability tests for combinations of oil 
and insulating paper are being considered 
in cooperation with Subcommittee VIII 
on Paper of Committee D-9 on Electrical 
Insulating Materials, while a test for the 
electric stability of cable oils is now 
ready for ballot approval. The dielectric 
strength of gases and apparatus for the 
same determination on small liquid 
samples are under consideration. A 
study is being made of a test to deter- 
mine power factor changes occurring in 


new Method for Coefficient of Thermal 
Expansion referred to earlier. The use 
of carbon dioxide as a displacing medium 
has resulted in the new Method for Gas 
Content of Insulating Liquids (D 1827). 
The sampling procedures are being 
scrutinized, while methods for infrared 
absorption, interfacial tension, and 
emulsion are under consideration. Vola- 
tility or evaporation is being studied to 
determine some basis for a test proce- 
dure. The dew point of gases and vapor 
pressure measurements on halogenated 
gases are being examined. 


This report has been submitted to 
letter ballot of the committee which 
consists of 105 members, of whom 78 
are voting representatives; 47 members 
returned their ballots of whom 42 have 
voted affirmatively and 0 negatively 


Respectfully submitted on behalf of 
the committee, 
R. Tuomas, 


insulating oil during its oxidation. Chairman. 
Subcommittee P on Physical Tests CHARLES A. JOHNSON, SREY Eee 
(J. C. Parker, chairman) prepared the Recording Secretary. rerval) 

fe Subsequent to the Annual Meeting, Committee D-27 presented to the Society through 

a“ the Administrative Committee on Standards the following recommendations: 


Tentative Method of: 


62 T), 


62 T), and 


Test for Thermal Stability of Chlorinated Aromatic Hydrocarbons (Askarels) (D 1936- 
Oxidative Aging of Electrical Insulating Petroleum Oils by Open-Beaker Method (D 1934 - 


Test for Steam Emulsion of Electrical Insulating Oils of Petroleum Origin (D 1935 - 


62 T). 
New Tentative Specification for: 
Nitrogen Gas as an Electrical Insulating Material (D 1933 - 62 T). = @nkheur? 


The new tentative methods and specification are available as separate reprints and they 
appear in the 1962 Compilation of ASTM Standards on Electrical Insulating Liquids and 
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n 
The ALCA-ASTM Committee on Emphasis should be placed on between- 


Leather (joint with the American 
Leather Chemists’ Assn.) held two 
meetings during the year: On Dec. 8 and 
9, 1960, in New York, N. Y., and on 
March 14 and 15, 1961, in Philadelphia, 
Pa. 


New TENTATIVES 


The committee recommends for publi- 
cation as tentative the Method of Test 
for Cold-Crack Resistance of Upholstery 
Leather as appended hereto." 


This recommendation has been sub- 
mitted to letter ballot of the committee, 
the results of which will be reported at 
the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 

Subcommittee I on Nomenclature, Defi- 
nitions, and Applicability (R. M. Lollar, 
chairman) has continued to define and 
interpret precision and significance state- 
ments. In those methods where the report 
of results takes the form of ordinal or 
scaler values and the use of standard 
deviation as a measure of precision is 
inappropriate, the subcommittee is 
urging that the sections involved secure 
some numerical data on the reproducibil- 
ity of these ordinal or scaler values. 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 

1 The new tentative appears in the 1961 Book 
of ASTM Standards, Part 6. 

? The letter ballot vote on this recommenda- 
tion was favorable; the results of the vote are 
on record at ASTM Headquarters. 


laboratory variability in the results, the 
skin to skin variability, and, where 
possible, the within skin variability. 
While this will not require elaborate 
statistical analysis, some statement 
along these lines will aid in interpretation 
of the results. 

The subcommittee has reviewed drafts 
of four methods of test and was asked to 
develop definitions to cover the transfer 
of material from leather to foreign 
materials and from foreign materials to 
leather and to clarify the meaning of the 
words staining and bleeding. 

Subcommittee II on Sampling and 
Conditioning for Physical Testing (C. W. 
Mann, chairman) has drafted a method 
for sampling light skins. 

Subcommittee III on Physical Testing 
(G. A. Butz, chairman): 

Section 2 on Physical Dimensions (E. 
Steiner, chairman), is developing a 
method of measuring thickness of soft 
leather and has presented an interim 
report of interlaboratory test data com- 
paring thickness values of leathers of 
varied firmness measured by four 
methods, namely, Woburn gage, presser 
foot released gently; Woburn gage, 
presser foot snapped; Randall-Stickney 
gage, 200-g dead weight, and Randall- 
Stickney, 900-g dead weight. 

Data analysis showed highly signifi- 
cant differences between values obtained 
on the Woburn when the gage foot is re- 
leased gently and when it is snapped, on 
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all but one very firm leather. The other 
method comparisons show differences 
too small to be of concern. The subcom- 
mittee will study thickness measurement 
comparisons on different leathers using 
the Woburn gage with snapping and the 
Randall-Stickney gage with various dead 
weight loadings. 

Section 3 on Tensile Properties (R. L. 
Young, chairman) has _ developed 
methods for double-hole slit tear resist- 
ance; Mullen test and extension; tensile 
strength; extension; and _ breaking 
strength and extension. Information on 
precision and accuracy is needed to 
complete the methods. 

Data from tests using the single-hole 
stitch tear resistance method indicate the 
drilled hole is more precise than the 
punched hole. The results are as follows: 


Drilled Punched 
Standard Pounds Tear... 16.8 22.0 
Deviation {Pounds Tear 
per Inch..... 78.5 97.8 


of Variation; Pounds Tear 


Coefficient {Pounds Tear... 13.5 18.0 
perInch..... 13.7 18.5 


These results are based on tests made 
at one laboratory (the results of tests 
made by another laboratory are not 
complete). The method will contain a 
note referring to the punched hole. 

Data from tests using the double-hole 
stitch tear resistance method which were 
made with three different diameter wires 
and two types of wire show very good 
correlation between three laboratories. 
The diameter and type wires tested 
were: 0.036 in. Type I, Size 1, Class A 
paper clips; 0.038 in. piano wire, and 
0.041 in. Type I, Size 1, Class A paper 
clips. There was no significant difference 
in the results. On the data available, the 
diameter of the wire in the method will 
be 0.038 + 0.003 in. 

Data obtained on seven types of 
leather will be processed by a statistician 
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at the National Bureau of Standards. 
Two other types of leather, welting and 
belting leather, will be tested and this 
will complete the testing to determine 
the reliability of the methods. After the 
data are evaluated, the precision-and- 
accuracy paragraph will be written and 
the methods submitted for approval by 
the joint committee. 

Section 4 on Measurement of Water 
Resistance (R. G. Ashcraft, chairman) 
has completed drafts of the spray test 
for garment leather, the dynamic water- 
resistance test by the Sylflex Tester, and 
the Maeser method for water resistance. 

Data were presented on static water 
absorption obtained in an inter-labora- 
tory test on seven different types of 
leather by both the Kubelka method and 
method D 1815-60 T. The committee 
decided not to consider the Kubelka 
method further since no advantage in 
precision could be gained and the ap- 
paratus is fragile and expensive. 

Apparatus developed at the National 
Bureau of Standards for measuring the 
dynamic water resistance of heavy 
leather has been modified and sent to a 
cooperating laboratory with a duplicate 
set of samples for obtaining data on 
interlaboratory reproducibility. 

Consideration was given to the pro- 
posed method 8121 of Federal Specifica- 
tion KK-L-311a, which employs the Tap 
Tester for measuring resistance to water 
penetration. Interlaboratory tests are in 
prospect. 

Comparison testing of water-repellent 
boots by the Dow Corning Shoe Tester 
and the wading test as recommended by 
the Quartermaster Laboratory at Natick, 
Mass. will be continued. . 

The section will develop a method for 
measuring water vapor permeability but 
will first attempt to correlate published 
methods. 

Section 5 on Surface Characteristics 
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(Robert Stubbings, chairman) prepared 
the Method for Cold-Crack Resistance 
of Upholstery Leather which is being 
recommended for publication as tenta- 
tive, as noted earlier in this report. In the 
light of negative ballots registered when 
the method was submitted to the Joint 
Committee in 1960, the method was 
modified to allow the sample to be taped 
together with pressure sensitive tape as 
well as with staples. The other change 
prescribes the use of fresh specimens for 
testing at another temperature. 

A draft of a method for flex testing of 
finish of upholstery leather has been sub- 
mitted to the Editorial Committee. 

A major topic for discussion is the 
measurement of scuff resistance. In a 
recent preliminary test of seven leathers, 
many different types of devices to meas- 
ure scuff were employed. These devices 
may be grouped in four general cate- 
gories—pendulum devices, modified 
crockmeters, turntable and needle, and 
abrasion testers. 

The section is also working on the 
three following problems: 

1. Lightfastness—further tests to 
attempt to correlate South Florida expo- 
sures with fadeometers will be carried 
out. 

2. Crock—a proposed method based 
on the crockmeter will be submitted for 
consideration of the Section at the next 
meeting. 

3. Bleeding—a preliminary series of 
tests of a relatively simple test will be 
carried out. 

Section 7 on Mechanical Leathers (A. 
Hirsch, chairman) continued studies 
on a proposed method to determine area 
stability of leather on immersion in 
water and oil. 

Section 8 on Deterioration (C. F. Dud- 
ley, chairman) has current projects to 
evaluate deterioration from perspiration, 


from heat exposure, and in dry cleaning 
and laundering. 

The effect of dry cleaning on water 
repellency was tested by three labora- 
tories using a spray test. The results 
obtained by two laboratories agreed 
within the expected variation for the 
spray test. To clarify the discrepancy of 
results from the third laboratory, addi- 
tional samples will be dry cleaned and 
spray rated. 

A draft of a method of test for color- 
fastness and transfer of color in the 
washing of leather is under consideration. 
To meet suggestions made by Subcom- 
mittee I, the precision statement is being 
amended to indicate the degree of obser- 
ver error to be anticipated in the gray 
rating scale. 

A draft of a method for measuring 
resistance of upper leather to artificial 
perspiration was revised to meet com- 
ments in the section and from Subcom- 
mittee I. 

Exposure of leathers in the Quarter- 
master climatic chambers continues. The 
laboratory evaluation will be accelerated. 

Section 10 on Miscellaneous Physical 
Properties (Milton Bailey, chairman) has 
evaluated the Navy’s Universal Leather 
Tester. Tests on matched, treated and un- 
treated sole leather showed that butyl 
treatments substantially improved abra- 
sive and water resistance of the leather. 
Also, leathers commercially treated by 
the hot-dip butyl process performed bet- 
ter than solvent-treated leathers. 

Work is also progressing on an upper 
leather visual evaluation system. 

Subcommittee IV on Research (M. M. 
Baldwin, chairman) is continuing its 
program of informal talks of interest to 
the entire committee. At the subcom- 
mittee meeting in March, interesting 
talks were presented by Dr. O’Flaherty 
of the University of Cincinnati on “The 


Evaluation of Synthetics Used as 
Leather Substitutes,” and by Mr. Bailey 
of the U. S. Department of the Navy on 
“Properties of Impregnated Versus 
Standard Sole Leathers.” 

The Council of the American Leather 
Chemists’ Assn. has concurred in the 
recommendation of the committee that 
some attention be devoted to chemical 
methods of leather testing. The commit- 
tee will accordingly organize subcommit- 
tees for this purpose. 

Subcommittee V, Editorial (T. C. 
Thorstensen, chairman) has concerned 
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itself principally with the form and 
organization of test methods. 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 70 members; 36 members re- 
turned their ballots, of whom 29 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, | 
NAGHSKI, 


Chairman. 
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Subsequent to the Annual Meeting, the Joint Committee on Leather presented to the 
Society through the Administrative Committee on Standards the recommendation for 
_ publication as tentative of a Method of Test for Resistance to Wetting (Spray Test) of 
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Garment-Type Leather. This recommendation was accepted by the Standards Committee 
on September 12, 1961, and the new tentative method appears in the 1961 Book of ASTM 
Standards, Part 6, bearing the designation D 1913 - 61 T. 
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Committee E-1 on Methods of Testing 
held two meetings during the year: in 
Philadelphia, Pa., on Dec. 1, 1960, and 
April 25, 1961. Twenty-six subcommit- 
tees and task groups met during the 
1960 Annual Meeting of the Society in 
Atlantic City. Subcommittee 17 on 
Thermometers and Hydrometers met in 
New York on Nov. 30, 1960, and in 
Washington, D. C., on May 19, 1961. 
Meetings were held of 18 subcommittees 
and task groups during ASTM Com- 
mittee Week in Cincinnati, Ohio, from 
Jan. 30 to Feb. 3, 1961. 

Mr. W. J. McCoy was elected vice- 
chairman of Committee E-1 for the 
ensuing term of two years. 

The following seven members of Com- 
mittee E-1 were appointed to the com- 
mittee during the year by the Board of 
Directors: H. F. Hedderich, Pittsburgh 
Testing Laborabory, 2-yr term; E. W. 
Kuenzi, U. S. Forest Products Labora- 
tory, 3-yr term; R. P. Lathrop, Wiede- 
mann Machine Co., 1-yr term; K. N. 
Mathes, General Electric Co., 3-yr 
term; W. H. Mayo, U. S. Steel Corp., 
3-yr term; W. T. Reid, Battelle Me- 
morial Inst., 3-yr term; B. L. Wilson, 
National Bureau of Standards, 3-yr term. 

Task Group A on Distillation Tests 
(J. S. Fawcett, chairman) completed its 
assignment and has accordingly been 
discharged. 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 
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Subcommittee 20 on Ceramic Labora- 
tory Apparatus (H. W. Ryland, chair- 
man) has been discontinued as there 
are no immediate problems requiring 
attention. 

A Panel Discussion on Temperature 
Measurement in the Missile and Space 
Field is being sponsored by Section 6 on 
Application of Thermocouples for Air- 
frame and Space Vehicles (R. B. Clap- 
per, chairman) of Subcommittee 32 on 


_ Thermocouples for Temperature Meas- 


urement at the 1961 Annual Meeting. 

A set of Recommendations on Form 
of ASTM Methods of Test has been 
completed by the committee. Copies in 
separate reprint form are being distrib- 
uted to all technical committees of the 
Society. 


RECOMMENDATIONS ACCEPTED BY 
THE ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1960 Annual Meet- 
ing, Committee E-1 presented to the 
Society, through the Administrative 
Committee on Standards, the following 
recommendations: 


New Tentative: 


Specification for Standard Atmospheres for 
Conditioning and Testing Materials 
(E 171-60 T), to replace part of Tentative 
Definition with Procedures Relating to Con- 
ditioning and Weathering (E 41 - 57 T) 


Revision of Tentative Methods of Test for: 
Verification of Testing Machines (E 4-57 T), 


4 


Brinell Hardness of Metallic Materials (E 10- 
58 T), 

Rockwell Hardness and Rockwell Superficial 
Hardness of Metallic Materials (E 18-59 T), 
and 

Rapid Indentation Hardness Testing of Metallic 
Materials (E 103-54 T). 


Revision of Tentative Definitions of Terms Re- 
lating to: 


Methods of Mechanical Testing (E 6-58 T), 
and 
Conditioning and Weathering (E 41-57 T). 


Tentative Revision of Standard: 


Hardness Conversion Tables for Metals (E 140- 
58). 


The above recommendations were ac- 
cepted by the Standards Committee on 
September 29 and December 19, 1960. 
These new and revised tentatives are 
published in the 1960 Supplement to 
Book of ASTM Standards, Parts 3, 5, 7, 
and 9. 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated in the following tentatives 
and their continuation as tentative: 


Methods of Verification of Testing Ma- 
chines (E 4 - 60 T):! 


Section 17.—In the first sentence 
change the expression “verified at inter- 
vals of at least 12 months” to read 
“verified at intervals of 12 months.” 


Specifications for ASTM Hydrometers 
(E 100 - 59 T)? 


Table I—For hydrometers 111H to 
120H change the stem diameter from 
“5.0 mm, min” to “4.0 mm, min.” 

11958 Book of ASTM Standards, Parts 3, 4, 
5, 6, 9, 10. 

21959 Supplement to Book of ASTM Stand- 
ards, Parts, 7 and 8. te 
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TENTATIVE REVISION OF STANDARD 


The committee recommends that the 
two new Saybolt Furol Viscosity Ther- 
mometers shown in the accompanying 
Table T° be published as tentative as a 
tentative revision of the Standard Speci- 
fications for ASTM Thermometers (E 1 - 
60).‘ 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revision as indicated 
below of the Standard Specifications for 
ASTM Thermometers (E 1-60)‘ and 
accordingly asks for the necessary nine- 
tenths affirmative vote in order that the 
revisions may be referred to letter ballot 
of the Society: 

Table I, Thermometers 9 C and 10 C.— 
In Footnote ¢ omit the second sentence 
which reads as follows: “The thermom- 
eter is mounted on a ferrule (see Ap- 
pendix to Specifications for Pensky- 
Martens Closed Flash Tester (ASTM 
Designation: E 134),” as these ther- 
mometers are no longer furnished with 
ferrules. 


ADOPTION OF TENTATIVE AS STANDARD 
WitH REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard with revision 
as indicated: 


Tentative Definitions of Terms Relating 
to Methods of Mechanical Testing 
(E 6-60 


Section 10.—Add the following new 


3 Not included here; it appears in the revised 
specifications, 1961 Book of ASTM Standards, 
Parts 4, 7, and 8. 

41960 Supplement to Book of ASTM Stand- 
ards, Parts 4, 7, and 8. 

5 1960 Supplement to Book of ASTM Stand- 
ards, Parts 3, 4,5,9,10. | 
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definition of “Least Count” as Section 
10, renumbering the remaining sections 
accordingly: 


Least Count.—The smallest change in indica- 
tion which can customarily be determined and 
reported. 

Note.—In machines with close graduations 
it may be the value of a graduation interval; 
with open graduations, or with magnifiers, for 
reading, it may be an estimated fraction, rarely 
as fine as one-tenth, of a graduated interval; 
and with verniers it is customarily the differ- 
ence between the scale and vernier graduation 
measured in terms of scale units. If the indi- 
cating mechanism includes a stepped detent, the 
detent action may determine the least count. 


Section 15.—Revise the definition of 
strain and Note 1, retaining Note 2 
without change, to read as follows: 


Strain.—A measure of the change, due to 
force, in the size or shape of a body referred to 
its original size or shape. Strain is a nondimen- 
sional quantity, but it is frequently expressed in 
inches per inch, etc. 

Norte 1.—Strains may be either linear (tensile 
strain or compressive strain), or angular (shear 
strain). In the ordinary tension, compression, 
or torsion test, it is usual to measure only one 
component of strain and to refer to this as “the 
strain.” Linear strain is defined as the change 
per unit of length in an original linear dimen- 
sion. Shear strain is defined as the tangent of the 
angular change between two lines originally 
perpendicular to each other. 


Section 21.—Revise the definition of 
fatigue and the Note to read as follows: 


Fatigue—The phenomenon of fracture under 
repeated or fluctuating (nonrepetitive) stress 
(Note) having a maximum value generally less 
than the tensile strength of the material. 

Note.—Fatigue may also be expressed in 
terms of repeated or fluctuating (non-repetitive) 
loads of deformation. Evaluation in terms of 
deformation is especially useful in describing 
fatigue under conditions where the elastic limit 
of the material is exceeded. (Deformation is the 
sum of elastic and plastic strains.) In the defini- 
tions that follow, the terms “repeated stress,” 
“cyclic stress,” or “fluctuating (nonrepetitive) 


stress” are intended to cover any of the three 
conditions, that is, stress, load, or strain. 


definition of 


REPORT OF COMMITTEE E-1 


creep and Notes 1 and 2 to read as 
follows: 


Creep.—The time-dependent part of the 
strain resulting from stress. 

Nore 1.—Elastic and instantaneous strains, 
and thermal expansion are excluded. 

Note 2.—While constant-stress creep tests 
are desirable, the usual one is a constant load 
test. Where the total strain is small, the differ- 
ence is negligible, but for large strain correc- 
tions must be made in results of constant load 
tests, or the fact that the value is reported for 
constant load tests should be noted. 


Section 62.—Revise the definition of 
creep recovery and the Note to read as 
follows: 

Creep Recovery.—The time-dependent por- 
tion of the decrease in strain following unloading 
of a creep specimen. 

Note.—Elastic strains and thermal expan- 
sion are excluded. 


Appendix.—Add the abbreviation 


“psi” to represent “pounds per square 
inch,” and the abbreviation “ksi” to 


‘represent “thousand pounds per square 


inch” or “kips per square inch.” 
Revise the symbol for Poisson’s Ratio 
to read as follows: 


uw (mu) (preferred), or » (nu)—Poisson’s ratio 


Method for Determination of Young’s 
Modulus at Room Temperature 
(E 111-59T)* 

Section 3(b).—Revise Note 3 to read: 
“Note 3.—The accuracy required in the 
determination of Young’s modulus will 
vary from product to product and should 
be stated in the product specifications.” 

Footnote 7.—Delete this footnote which 
defines “least count” and renumber 
Footnote 8 as 7. 


Method of Test for Indentation Hard- 
ness of Metallic Materials by Port- 
able Hardness Testers (E 110-55 T):’ 
Section 4(a).—Omit the second sen- 

tence. 

61958 Book of ASTM Standards, Parts 3, 4, 


5, 6, 9. 
71958 Book of ASTM Standards, Part 3. 
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Method for Determination of Shear 
Modulus at Room Temperature 
(E 143 - 59 T)3 


Section 3(b).—Revise Note 4 to read: 
“Note 4.—The accuracy required in 
the determination of shear modulus will 
vary from product to product and should 
be stated in the product specifications.” 

Footnote 11.—Delete this footnote 
which defines “least count” and re- 
number Footnote 12 as 11. 


ADOPTION OF TENTATIVES AS STANDARD 
WitHovut REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 


Methods of Compression Testing of Metallic 
Materials (E 9— 59 T),® 

Method of Test for Brinell Hardness of Metallic 
Materials (E 10-60 

Specifications for Sieves for Testing Purposes 
(Wire Cloth Sieves, Round-Hole and Square- 
Hole Screens or Sieves) (E 11-60 T),5 

Methods of Test for Rockwell Hardness and 
Rockwell Superficial Hardness of Metallic 
Materials (E 18-60 

Method of Rapid Indentation Hardness Testing 
of Metallic Materials (E 103 - 60 T),’ 

Specifications for Weighing and Drying Appa- 
ratus for Microchemical Analysis (E 124-57 
T), 

Method of Test for Maximum Pore Diameter 
and Permeability of Rigid Porous Filters for 
Laboratory Use (E 128-57 T),” 

Method for Determination of Poisson’s Ratio 
at Room Temperature (E 132 — 58 T),® 

Specifications for Apparatus for Microde- 
termination of Nitrogen by Kjeldahl Method 
(E 147-59 T),™ and 

Specifications for Apparatus for Microdeter- 
mination of Nitrogen by Dumas Method 
(E 148-59 


8 1959 Supplement to Book of ASTM Stand- 
ards, Part 3. 

91958 Book of ASTM Standards, Parts 4, 7, 
and 9. 

101958 Book of ASTM Standards, Parts 5 
and 7. 

1 1959 Supplement to Book of ASTM Stand- 
ards, Part 7. 
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ADOPTION OF TENTATIVE REVISION 
AS STANDARD 


The committee recommends that the 
following twelve tentative Kinematic 
Viscosity Thermometer specifications in 
the Standard Specifications for ASTM 
Thermometers (E 1 - 60)* be adopted as 
standard: 28F, 29F, 30F, 43F, 44F, 45F, 
46F, 47F, 48F, 72F, 73F, and 74F. 


CONTINUATION OF TENTATIVE REVISION 
OF STANDARD 


The committee recommends that the 
tentative revision of the Standard Hard- 
ness Conversion Tables for Metals (Re- 
lationship Between Brinell Hardness, 
Diamond Pyramid Hardness, Rockwell 
Hardness, and Rockwell Superficial 
Hardness (E 140 - 58)),” issued Septem- 
ber 29, 1960,!* be continued as tentative 
as further supplementary changes are in 
preparation. 


TENTATIVES CONTINUED WITHOUT 
REVISION 
The committee recommends that the 
other tentatives under its jurisdiction be 
continued as tentative without revision 
as future contemplated changes are 
under study. 


The recommendations in this report 
have been submitted to letter ballot of 
the Society, the results of which will be 
reported at the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee 1 on Calibration of Me- 
chanical Testing Machines and A pparatus 
(B. L. Wilson, chairman).—The need 
for additional methods for the calibration 
of testing machines under 2000-lb 
capacity is under study by a task group 


12 1960 Supplement to Book of ASTM Stand- 
ards, Parts 1, 2, and 3. 

13 The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. Gs 
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under the chairmanship of D. C. Scott, 
r. 
Methods of verification of testing 
machines at rapid rates of straining are 
under study by a task group under the 
chairmanship of A. A. Moore. No suit- 
able methods for dynamic calibration 
have been found by the group. The task 
group is being enlarged and the work will 
be continued. 

The Task Group on Calibration and 
Verification of Extensometers (R. H. 
Heyer, chairman) has in preparation 
changes in Method E 83. 

Subcommittee 2 on Effect of Speed in 
Mechanical Testing (L. K. Irwin, chair- 
man).—This subcommittee has reviewed 
the Tentative Recommended Practice 
for Short-Time Elevated Temperature 
Tension Tests of Material (E 21 - 58 T) 
prepared by the Joint ASME-ASTM 
Committee on Effect of Temperature on 


the Properties of Metals. This recom- - 


mended practice specifies a constant nor- 
mal strain rate for metals of either 0.005 
or 0.05 in. per in. per min up to the yield 
point. Since it appears that most testing 
machines and _ extensometer-recorder 
equipment currently in use do not meas- 
ure a recorded load and strain accurately 
at strain rates of 0.05 in. per in. per min 
and faster, it was agreed to recommend to 
the Joint Committee that consideration 
be given to requiring that a strain rate of 
0.005 in. per in. per min shall be used un- 
less it can be demonstrated that higher 
strain rates have no effect on the yield 
point. 

A need has been indicated for stand- 
ard methods of calibrating testing ma- 
chines and accessories under dynamic 
conditions. The subcommittee accord- 
ingly plans to study this to determine 
whether it is feasible to develop such 
methods for testing machines and strain- 
recorder systems with first attention 
being given to the latter. 

Subcommitiee 3 on Elastic Properties 
and Definitions on Mechanical Testing 


(G. R. Gohn, chairman).—A task group 
has been appointed under the chairman- 
ship of a representative of the Joint 
ASME-ASTM Committee on Effect of 
Temperature on the Properties of Metals, 
with other representatives from both 
that committee and Subcommittee 3, to 
draft a method for determining Young’s 
modulus at elevated temperatures. 

The Task Group on Elastic Constants 
(J. A. Miller, chairman) recommended 
the adoption as standard of the Tenta- 
tive Methods E 111, E132, and E 143 
as covered earlier in this report. 

The Task Group on Review of Defini- 
tions (J. Quigley, chairman) prepared 
the revisions in the general Definitions 
of Terms Relating to Methods of Me- 
chanical Testing (E 6 - 60 T). The 
committee is reviewing a number of 
definitions prepared by other Society 
committees and also the extensive list of 
Definitions Relating to Metals and 
Metalworking in the ASM Metals Hand- 
book. This will result in additional terms 
being included in Tentative E 6. 

Subcommitiee 4 on Tension Testing (F. 
M. Howell, chairman).—A complete 
study is being made of the Methods of 
Tension Testing of Metallic Materials 
(E8-57T) in an attempt to obtain 
better agreement with the Federal Test 
Method 211-1 and the ASTM Methods 
and Definitions for Mechanical Testing 
of Steel Products (A 370-60 T). 

During the year the members of this 
subcommittee reviewed twelve methods 
of tension testing prepared by other 
Society committees. A number of com- 
ments and suggestions received were sub- 
mitted to the committees responsible for 
the methods. 

Subcommittee 5 on Compression Testing 
(J. A. Miller, chairman).—This subcom- 
mittee recommended the adoption as 
standard of the Tentative Methods of 
Compression Testing of Metallic Ma- 
terials (E 9-59 T). 

This subcommittee reviewed eleven 


methods for compression testing pre- 
pared by other Society committees. A 
number of suggestions received were sub- 
mitted to the originating committees. 

Subcommittee 6 on Indentation Hard- 
ness (R. H. Heyer, chairman).—An 
extensive round-robin test program on 
the Rockwell C Hardness versus Tensile 
Strength Conversions for Steel has been 
completed. This resulted in a recom- 
mendation to Committee A-1 on Steel of 
a revised table for inclusion in the Tenta- 
tive Methods and Definitions for Me- 
chanical Testing of Steel Products 
(A 370-60T). A report covering this 
test program appears in the May issue of 
Materials Research & Standards. The 
several methods for hardness testing, 
E 10, E18, E 103, and E 110 are being 
recommended for adoption as standard, 
some with minor changes. 

The proposed Knoop hardness con- 
version values for nickel and high-nickel 
alloys have been rechecked, and these 
data with accompanying explanatory 
notes are being prepared for inclusion 
in the Hardness Conversion Tables 
(E 140-58). The Method of Test for 
Hardness of Sintered Metal Friction 
Materials (B 347-59 T), developed by 
Committee B-9 on Metal Powders and 
Metal Powder Products, were reviewed 
and a number of comments submitted. 

This subcommittee has been keeping 
in close touch with the work of ISO/TC 
17 on the subject of Indentation Hard- 
ness Tests. 

Subcommittee 10 on Sieves (L. V. 
Judson, chairman).—The chairman of 
this subcommittee and another mem- 
ber, A. E. Reed, as members of ASA 
Sectional Committee Z23 on Sieves were 
U. S. delegates to subcommittee meet- 
ings of ISO/TC 24 on Sieves in 1957 and 
1959 and are now preparing for another 
ISO meeting late in 1961. By aitendance 
at these meetings the merits of the 
United States viewpoint on sieve stand- 
ards are receiving international recogni- 
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tion. The Tentative Specifications for 
Sieves for Testing Purposes (E 11 —- 60 T) 
are being recommended for adoption as 
standard. 

Subcommittee 12 on Methods for Density 
(C. T. Collett, chairman).—This sub- 
committee has prepared a revision of 
the Definition of Terms Relating to 
Specific Gravity (E 12-27). After ap- 
proval by letter ballot these revised 
definitions will be submitted through 
Committee E-1 to Committee E-8 on 
Nomenclature and Definitions. 

Subcommittee 14 on Conditioning and 
Weathering (F. M. Gavan, chairman).— 
Mr. J. E. Norton of the Atlas Electric 
Devices Co. was elected secretary of the 
subcommittee. 

A revision of the Specifications for 
Enclosures and Servicing Units for Tests 
Above and Below Room Temperature 
(D 1197 -56) has been completed and 
will be submitted for publication after 
approval by letter ballot. Also, new 
methods for the carbon-arc apparatus and 
the conduction of natural light exposures 
under glass have been completed and are 
now the subject of final letter ballot. 

The measurement of water vapor 
transmission through thin materials is 
being studied at the request of Commit- 
tees C-16 on Thermal Insulating Ma- 
terials, D-20 on Plastics, and E-6 on 
Methods of Testing Building Construc- 
tions. 

This will result in a revision of Meth- 
ods E 96. This subcommittee is interested 
in the use of the plastic chip, developed 
by Committee D-20 on Plastics, as a 
measure of radiation intensity in artifi- 
cial weathering machines. 

Subcommittee 16 on Thickness Meas- 
urement (S. B. Newman, chairman).— 
An extensive revision of the Tentative 
Methods of Test for Thickness of Solid 
Electrical Insulation (D 374-57 T) is 
being voted upon. The scope of these 
methods has been enlarged so that they 
can be used for measuring the thickness 
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of solid pressure-sensitive materials. This 
includes not only electrical insulation, 
but also such materials as woven glass 
fabrics, rigid rods, vulcanized fiber, mica, 
paper, phenolic and other plastic sheets 
and laminates. 

Subcommittee 17 on Thermometers and 
Hydrometers (J. F. Swindells, chairman). 
—Active cooperation with ISO/TC 48 
is continuing. The subcommittee ap- 
proved changes in certain dimensions for 
the hydrometer series 111H to 120H in 
Specifications E 100 which bring these 
dimensions in conformity with ISO 
proposals. 

Specifications for two new Saybolt 
Furol viscosity thermometers for tests at 
275 and 325 F requested by Committees 
D-4 and D-8 have been completed. 

Tentative results from the first tests 
involving a comparison of the ASTM 
method for bulb stability with a pro- 
posed ISO test were reported by the 
National Bureau of Standards. No con- 
clusions with respect to the relative 
merits of the two methods have been 
reached, and the tests are continuing. 

A task group is making a study of the 
standardization temperatures specified 
for all ASTM thermometers. The results 
of this work will be important to both 
manufacturers and users alike, since 
adequate standardization and calibration 
costs are both involved. 

The subcommittee sincerely regrets the 
withdrawal of Robert D. Thompson 
from its activities. Mr. Thompson has 
made many important contributions to 
the work of the subcommittee as a par- 
ticipating member, secretary, and chair- 
man. His sound council will be greatly 
missed. 

Subcommittee 19 on Glassware Labora- 
tory Apparatus (J. J. Moran, chairman). 
—Working groups have been requested 
to prepare standard recommendations 
for drawings of glassware and to can- 
vass the possibilities of standard specifi- 
cations for stirrers for laboratory vessels. 


Subcommitiee 25 on Shear and Torsion 
Tests (R. W. Fenn, Jr., chairman).—A 
task group under the chairmanship of 
R. B. Clapper has been appointed to 
study various shear testing techniques 
and to write recommended shear test 
procedures for consideration by the sub- 
committee. Task group members are 
actively engaged in research on various 
types of shear tests aimed at defining the 
advantages, disadvantages, and limita- 
tions of each. Consideration is being 
given to standardization of: (1) a new 
double-shear test for determining longi- 
tudinal and transverse properties of sheet 
materials, (2) a punch shear test for de- 
termining short transverse properties of 
sheet materials, (3) a pin double-shear 
test for use on bar, rod, and plate ma- 
terials, (4) a new method of determining 
shear strength of adhesive bonded ma- 
terials, and (5) a shear test for sand- 
wich constructions. Photoelastic studies 
of certain test specimen configurations 
are being made in an effort to determine 
the degree of pure shear in the shear 
path. Although the task group is working 
diligently on the above tests, there are 
several problems to be solved before 
recommended procedures can be sub- 
mitted for committee approval. 

Subcommittee 26 on Filiration Ma- 
terials (T. L. King, chairman).—This 
subcommittee recommended the adop- 
tion as standard of the Tentative Method 
of Test for Maximum Pore Diameter 
and Permeability of Rigid Porous Filters 
(E 128 - 57 T). Plans will be initiated at 
the June meeting on an inter-laboratory 
test program to study the reproducibility 
of this method. 

Subcommitiee 27 on Low-Temperature 
Testing of Elastomers and Plastics (F. M. 
Gavan, chairman).—A summary of the 
low-temperature studies by this sub- 
committee was published in a report on 
“Rheological Testing of Elastomers at 
Low Temperatures, Part II,” by Boor, 
Hanok, Conant, and Scoville which 
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appeared in the ASTM Buttetin No. 
246, May, 1960. A complete summary 
of the extensive cooperative studies 
made by this subcommittee is in prepa- 
ration. 

Subcommittee 28 on Microscopy (T. G. 
Rochow, chairman).—A list of definitions 
of terms relating to microscopy pre- 
pared by the Task Group on Nomen- 
clature (H. F. McMurdie, chairman) 
will be issued as tentative after the An- 
nual Meeting. 

The subcommittee is planning to en- 
dorse the American Standard Microscope 
Objective Thread (ASA _ B-1.11-1958) 
and wishes to arrange for the publication 
of this by ASTM. Specifications and 
Methods of Test for Glass Covers and 
Slides Used in Microscopy are being 
completed by the Task Group on Micro- 
scopes and Their Elements (O. W. Rich- 
ards, chairman). A Bibliography on 
Microscopy, prepared by the Task Group 
on ASTM Bibliography (R. P. Loveland, 
chairman) will be ready for publication 
this summer. A Symposium on the 
Preparation of Materials for Microscopic 
Examination is being planned by the 
Task Group on Preparation of Materials 
(Katharine Mather, chairman) for the 
1962 Annual Meeting. 

A session on non-commercial micro- 
scopic accessories will be held during the 
Annual Meeting. 

Subcommittee 29 on Microchemical A p- 
paratus (A. Steyermark, chairman).— 
Specifications are being prepared for 
apparatus used in connection with 
micro-analytical determination of carbon 
and hydrogen by the conventional 
method of Pregal. The three existing 
tentative specifications for microchemical 
apparatus are being recommended for 
adoption as standard. 

Subcommittee 30 on Bend Test for 
Ductility (W. H. Mayo, chairman).—A 
new method for guided bend test for 
metallic materials has been completed 
and will be submitted for publication as 


tentative later in the year. Work is being 
undertaken on a general bend test 
specification for steel products to con- 
tain semi-guided and wrap-around pro- 
cedures. 

Subcommitiee 31 on Laboratory Bal- 
ances (L. B. Macurdy, chairman).— 
This subcommittee has in preparation 
definitions of a number of terms and is 
also developing a classification of bal- 
ances and scales with information on 
typical applications. Performance speci- 
fications for analytical balances are also 
under study. 

Subcommittee 32 on Thermocouples for 
Temperature Measurement (J. W. Free- 
man, chairman).—This subcommittee 
has several active sections on the follow- 
ing subjects: 

1. Standardization of Standard Ther- 

‘mocouple Materials (D. I. Finch, 
chairman), 

2. Newer Thermocouple Materials (A. 
I. Dahl, chairman), 

3. Review of ASTM Standards and 
Thermocouples in Nuclear Environ- 
ment (J. G. Lachman, chairman), 

4. Monograph on Use of Thermo- 
couples (J. W. Murdock, chairman), 

5. Evaluation of Thermocouple Ma- 
terials (C. D. Starr, chairman), 

6. Application of Thermocouples for 
Airframe and Space Vehicles (R. 
B. Clapper, chairman), and 

7. Insulating Materials for Thermo- 
couples. 

A number of tentative methods and 
recommended practices are being pre- 
pared by these sections. It is expected 
that several will be completed for publi- 
cation in 1962. 

A review of the application of thermo- 
couples in ASTM Standards is nearing 
completion. 

Task Group B on Linear Thermal 
Expansion Test (H. E. Hagy, chairman). 
—This newly organized task group has 
undertaken the development of an all- 
inclusive method for rigid solids based 


A 


> 


‘ 


614 | REPORT OF COMMITTEE E-1 


on the use of the fused quartz dilatom- 
eter because of its popularity and re- 
liability. This procedure will cover a 
temperature range from 0 to 800C or 
possibly to 1000 C. A literature survey 
is being made on _ high-temperature 
methods (1500 C and over). 


This report has been submitted to 
letter ballot of the committee and its 


subcommittee chairmen, a total of 40 
voting members; 32 members returned 
their ballots, all of whom have voted 
affirmatively. 


Respectfully submitted on behalf of 
the committee, 
A. C. WEBBER, 
Chairman. 


halk? 


Subsequent to the Annual Meeting, Committee E-1 presented to the Society through a 
the Administrative Committee on Standards the following recommendations: 7 


New Tentative Specifications for: 


Apparatus for Microdetermination of Carbon and Hydrogen (E 191 - 62 T). 


New Tentative Method for: 


Guided Bend Test for Ductility of Welds (E190-61T), 


New Tentative Definitions of Terms Relating to: 


Microscopy (E 175 - 61 T). 
New Tentative Recommended Practice for: 


ait 


Conducting Natural Light (Sunlight and Daylight) Exposures Under Glass (E 187 - 61 T), my) 


and 


Operation of Enclosed Carbon Arc Type Apparatus for Artificial Light Exposure Tests 


(E 188 - 61 T). 
Revision of Tentative Methods of: 


Tension Testing of Metallic Materials (E 8 - 57 T). 


Revision and Reversion to Tentative of: 


pit 


Standard Specifications for Enclosures and Servicing Units for Tests Above and Below F 
Room Temperature (D 1197 — 56), redesignated E 197 — 61 T, and i 
Standard Definitions of Terms Relating to Specific Gravity (E12-57), ss” 


Tentative Revision of Standard Definitions of Terms Relating to: ae alah nth tm 


Methods of Mechanical Testing (E 6 - 61). 


The new Tentative Specifications E 191-62 T were accepted by the Standards Com- pac 


mittee on March 8, 1962 and are available as a separate reprint. The other recom- s 
mendations were accepted on September 12, 1961, and appear in the 1961 Book of ASTM ie 


Standards. 


‘ 
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Committee E-2 on Emission Spectros- 
copy held two meetings during the 
year: in Atlantic City, N. J. on June 29, 
1960, and in Pittsburgh, Pa., on March 
2, 1961. The Executive Subcommittee 
also met at these times as well as in New 
York, N. Y., on Nov. 2, 1960. 

A main activity of the committee was 
the preparation of the third revised edi- 
tion of the book entitled ‘Methods for 
Emission Spectrochemical Analysis” 
which was published in March, 1961. 
Also published in March, 1961, was 
ASTM STP No. 58-D entitled “Report 
on Available Standard Samples and Re- 
lated Materials for Spectrochemical 
Analysis.” This is the fourth revision of 
the original publication and replaces 
the 1955 edition. 

Published in June, 1960, was Part IV 
of the “Index to the Literature on Spec- 
trochemical Analysis.” This covers the 
years 1951 to 1955 and was issued as 
ASTM STP No. 41-D. 

A new publication, “Index to the 
Literature on X-Ray Spectrographic 
Analysis” was prepared and published 
in January, 1961. This is Part I covering 
the years 1913 to 1957, and was issued 
as ASTM STP No. 292. 

A Symposium on Extension of Sensi- 
tivity has been planned jointly with 
Committee E-3 on Chemical Analysis to 
be held June 28, 1961, at the Annual 
Meeting in Atlantic City, N. J.! 

* Sixty-fourth Annual Meeting of the Society, 


June 25-30, 1961. 
1To be published as ASTM STP No. 308. 
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The committee has 210 members, 
which is an increase of six members 
since the last Annual Meeting. The 
official voting membership is 160. Efforts 
continuously are being made to obtain 
active members, particularly from the 
western part of the United States and 
from Canada. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1960 Annual Meet- 
ing, Committee E-2 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 
New Tentative Recommended Practice for: 
Describing and Specifying the Excitation Source 

in Emission Spectrochemical Analysis 

(E 172-607). 


Revisions of Tentative Definitions of: 


Terms and Symbols Relating to Emission Spec- 
troscopy (E 135-60 T). 


The new Recommended Practice E 172 
was accepted by the Standards Com- 
mittee on September 29, 1960, and the 
revisions of Definitions E 135 were 
accepted on September 16 and Septem- 
ber 29, 1960. Both are available as 
separate reprints and appear in the 1960 
Book of Methods for Emission Spectro- 
chemical Analysis and the 1960 Book of 
ASTM Methods for Chemical Analysis 
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SUGGESTED METHODS TO BE 
PUBLISHED AS INFORMATION 


The committee recommends for pub- 
lication as information only the following 
Suggested Methods: 


Suggested Methods for Spectrochemical Analysis 
of: 

Indium-Gallium Alloys by the Solution-Graphite 
Spark Technique (SM 6-21), and 

Blast Furnace and Steelmaking Slags by the 
Fusion Spark Technique (SM 11-12) 


ADOPTION OF TENTATIVE AS 
STANDARD WITH REVISION 


The committee recommends that the 
Tentative Method for Spectrochemical 
Analysis of Nickel Alloys by the 
Powder—D-C Arc Technique (E 129 - 
57 T)* be approved for reference to letter 
ballot of the Society for adoption as 
standard with revisions as indicated: 

Title——Change to read “Method for 
Spectrochemical Analyses of Thermionic 
Nickel Alloys by the Powder —- D-C Arc 
Technique.” 

Footnote 4—Delete the last phrase 
“and is marketed by Spex Industries, Inc., 
Queens Village, N.Y.” 

Section 1—Change Paragraph (a) to 
read “This method provides for the de- 
termination of the following elements in 
thermionic nickel alloys in the con- 
centration ranges shown.” In the table, 
delete lead, zinc, and boron. 

Add a new Paragraph (c) to read 


(c) The concentration ranges of the elements 
listed in Paragraph (a) have been established 
through cooperative testing of secondary stand- 
ards and by preparation of synthetic standards, 
provided in the method. The scope is under- 
written by three primary spectrochemical 
standards. 


Section 5.—Delete Paragraph (a) and 
reletter subsequent paragraphs ac- 
cordingly. 

2 See pp. 620 and 624. 


3 1960 Book of ASTM Methods for Chemical 
Analysis of Metals. 


Section 6.—Change to read: “Three 
primary standards are available for use 
with this procedure. Additional stand- 
ards can be prepared in the laboratory 
to supplement the scope, if desired.” 

Section 7.—Reletter present Paragraph 
(a) as (6), and delete references to boron. 

Delete present Paragraph (0). 

Add a new Paragraph (a) to read as 
follows: 


7. (a) Primary Standards.—Disolve 0.3 g or 
more of the primary standards in HNO; (1:1). 
Evaporate the solution to dryness in a platinum 
evaporating dish, bake at 400 C for 20 min, 
grind, and mix thoroughly with a suitable mortar 
and pestle. Mix the dry powder with three parts 
by weight of graphite powder. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the fol- 
lowing tentatives: 


Tentative Recommended Practices for: 


Photographic Processing in Spectrochemical 
Analysis (E 115-59 T), 

Photographic Photometry in Spectrochemical 
Analysis (E 116-59 T), and 

Designation of Shapes and Sizes of Preformed 
Graphite Electrodes (E 130-57 T). 


Tentative Methods for Spectrochemical Analysis 
of: 

Zinc-Base Alloys and High-Grade Zinc by the 
Solution Residue—D-C Arc Technique 
(E 27-59 T), 

Tin Alloys for Minor Constituents and Im- 
purities (E 51-59 T), 

Aluminum and Aluminum-Base Alloys by the 
Point - to - Plane Spark Technique (E 101- 
53 T), and 

Pig Lead by the Point-to-Plane Spark Tech- 
nique (E 117-59 T). 


The recémmendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


4 The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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OF SUBCOMMITTEES 


Subcommitiee I on Apparatus and 
Equipment (A. W. Helz, chairman) has 
prepared the Tentative Recommended 
Practice for Describing and Specifying 
the Excitation Source in Emission Spec- 
trochemical Analysis as referred to 
earlier in this report. The subcommittee 
is working on (1) photographic emulsions 
and has planned publications for the 
suggested practice for the description 
and specification of photographic emul- 
sions, report on available photographic 
emulsions, and report on the test pro- 
gram of SA No. 1 cut film; (2) descrip- 
tion and specification of the emission 
spectrograph; (3) description of the X- 
ray spectrograph; and (4) description 
and specifications of the microphotom- 
eter. 

Subcommittee II on Fundamental Prac- 
tices (J. K. Hurwitz, chairman) has 
prepared a format, in cooperation with 
Subcommittee III and, after revision, 
adopted a model method for writing 
methods on X-ray spectrochemical 
analysis. The subcommittee has pre- 
pared and published a bibliography on 
X-ray spectroscopy covering the years 
1913 to 1957 as described earlier in this 
report. The preparation and publication 
of Part II of the bibliography has been 
planned. The subcommittee also has 
published a list of unsolved problems in 
spectrochemical analysis, and is planning 
the publication of reports on the status 
of the unsolved problems. Study and 
evaluation is being made of the suggested 
practice for use of statistical methods in 
spectrochemical analysis for elevation 
to tentative status. 

Subcommittee ITI, Editorial 
Spindler, chairman) has (1) proposed 
several changes in the Regulations for 
E-2 and Recommendations for Prepara- 
tion of E-2 Practices and Methods; (2) 
reviewed proof for the new edition of 


“Methods for Emission Spectrochemical 
Analysis”; (3) made editorial review of 
24 practices and methods; (4) cooperated 
with Subcommittee IT in the preparation 
of a format and model method for X-ray 
spectrochemical analysis; and (5) re- 
vised Tentative Definitions E 135 re- 
ferred to earlier in this report. 

Subcommitiee IV on Electrodes, Pure 
Materials, Reagents, and Standards (W. 
R. Kennedy, chairman) has prepared 
the 1960 “‘Report on Available Standard 
Samples and Related Materials for 
Spectrochemical Analysis” referred to 
earlier. The subcommittee is (1) revising 
the tentative designation of recom- 
mended shapes and sizes of preformed 
graphite electrodes; (2) testing the physi- 
cal and chemical properties of graphite 
and carbon electrodes; (3) surveying 
methods for the preparation of homoge- 
neous metals, alloys, and powders; and 
(4) obtaining a listing of suitable line 
pairs for a variety of matrices. 

Subcommitiee V on Copper, Nickel, 
Rhenium and Their Alloys (R. S. Kelly, 
chairman) is (1) cooperating with the 
National Bureau of Standards in the 
homogeneity testing of proposed copper- 
base and high-temperature alloy spec- 
troscopic standards; (2) planning a sym- 
posium on the spectroscopic analysis of 
high-temperature alloys; (3) performing 
cooperative test programs with several 
suggested methods for tentative status; 
and (4) writing new X-ray spectro- 
chemical methods. By mutual agreement 
with Subcommittee IX, Subcommittee 
V will be responsible for iron, as well as 
nickel- and cobalt-base high-temperature 
alloys, except the general classification 
of stainless and super stainless steels. 
The subcommittee recommended that 
Method E 129 be adopted as standard 
with revision as noted earlier in this re- 
port. 

Subcommittee VI on Lead, Tin, Zinc, 
Indium, and Related Metals (J. F. 
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Murphy, chairman) (1) prepared for 
publication two suggested methods on 
indium alloys (SM 6-20 and SM 6-21), 
and is processing four additional methods 
on indium; (2) is working on cooperative 
test programs to bring four suggested 
methods to tentative status: SM 6-9 on 
tin and SM 6-12, SM 6-15, and SM 6-18 
on zinc; (3) is surveying the membership 
and elsewhere for X-ray spectrochemical 
methods; and (4) is investigating the 
possibility of a symposium with other 
subcommittees and groups on various 
analytical techniques related to the semi- 
conductor industry, such as for gallium, 
germanium, indium, and gold. 
Subcommitiee VII on Aluminum, Mag- 
nesium, Gallium and Their Alloys (F. R. 
Potter, chairman) has prepared for 
publication two suggested methods on 
aluminum (SM 7-14 and SM 7-15). The 
subcommittee is (1) processing data 
from a cooperative test program on a 
spectrometric method for aluminum and 
its alloys (SM 7-10) for advancement to 
tentative; (2) processing three suggested 
methods on magnesium for publication; 
and (3) establishing task groups for 
work on gallium and gallium alloys, 
analyses of trace constituents in 
aluminum, and microdrill sampling 
techniques as applied to aluminum. 
Subcommittee VIII on Titanium, 
Zirconium, Molybdenum, Tungsten, Nio- 
bium, Tantalum, Beryllium, and Related 
Alloys (N. E. Gordon, chairman) has 
prepared for publication one suggested 
method for titanium (SM 8-11) and two 
for zirconium (SM 8-12 and SM 8-13). 
The subcommittee is (1) assisting the 
National Bureau of Standards in the 
homogeneity testing and analysis of six 
proposed zirconium-base standards; (2) 
engaged in cooperative test programs for 
zirconium methods; and (3) actively 
soliciting emission spectrochemical meth- 
ods of analysis for the refractory ele- 
ments and their alloys. 
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Subcommitiee IX on Ferrous Alloys 
(J. F. Woodruff, chairman) has pub- 
lished four suggested methods (SM 9-19, 
SM 9-20, SM 9-21, and SM 9-22). This 
subcommittee has 20 active task groups, 
seven of which are performing coopera- 
tive test programs to support the ac- 
ceptance as tentative of the following 
suggested methods: SM 9-11, SM 9-12, 
SM 9-13, SM 9-14, SM 9-16, SM 9-18, 
and SM 9-21. In addition, several new 
suggested methods are being processed 
for publication, and X-ray methods are 
being solicited. 

Subcommittee X on Glass, Ceramics, 
Alkalies, and Cementitious Materials (W. 
M. Hazel, chairman) has prepared for 
publication two suggested methods: one 
for alumina (SM 10-18) and one for 
alkalies in titanium, aluminum, and 
zirconium oxides (SM 10-19). It is (1) 
processing three suggested X-ray spec- 
trochemical methods for publication, 
with two additional X-ray methods to 
be submitted; and (2) maintaining close 
liaison with the interested technical 
committees to supply their analytical 
needs in spectrochemical analysis. 

Subcommittee XI on Slags, Ores, and 
Other Miscellaneous Nonmetallic Ma- 
terials (R. G. Russell, chairman) has 
published three suggested methods: one 
on blast-furnace and open-hearth sinter 
(SM 11-10), one on rare earths and 
thorium in cerium minerals (SM 11-11), 
and one for blast-furnace and steel- 
making slags (SM 11-12). The subcom- 
mittee is (1) planning a cooperative test 
program for the suggested method on 
blast-furnace and steelmaking slags; (2) 
soliciting X-ray spectrochemical methods 
of analysis; and (3) establishing close 
liaison with the C and D Committees to 
ensure adequate coverage by spectro- 
chemical analysis to meet the analytical 
needs for the materials under their 


jurisdiction. 
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Emisston SPECTROSCOPY 


This report has been submitted to 
letter ballot of the committee, which 
consists of 210 members; 141 members 


returned their ballots of whom 135 have Chairman. 
voted affirmatively and 0 negatively. Davip W. HENTHORN, = 
Secretary. 


- 
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Respectfully submitted on behalf of 


the committee, 
ROBERT E. MICHAELIS, 
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SUGGESTED METHOD FOR SPECTROCHEMICAL ANALYSIS OF 
INDIUM-GALLIUM ALLOYS BY THE SOLUTION - GRAPHITE 


— SPARK TECHNIQUE! 

‘SupmiTTED By E. M. Murt* anp I. Corson? 

em 4 E-2 SM 6-21 ae ng. 

4. 


Scope 


1. (a) This method covers the de- 
termination of gallium in the range from 
0.1 to 1.2 per cent in indium-gallium 
alloys. 

(6) The method is designed for the 
routine testing of individual indium- 
gallium pellets or spheres used in tran- 
sistor production and development. 
The method is limited by the incon- 
venience of handling samples weighing 
less than 0.040 mg and the requirement 
of making three determinations on each 
sample. Each determination requires 
0.010 mg of alloy. 


Summary of Method 


2. This method is based on the method 
described by E. M. Murt and J. C. 
Bready* for the determination of gallium 
in micro-samples of indium-gallium 
alloys, but has been revised to use 
indium as the internal standard. A 
controlled spark discharge supplies the 
excitation between two flat-surface 
electrodes* on which the solution has 


1 This suggested method has no official status 
in the Society but is published as information 
only. The method is based on the experience of 
the submitters. Comments are solicited. 

2 Phileo Corp., Lansdale Division, Lansdale, 
Pa. 
3 E. M. Murt and J. C. Bready, ‘“‘The Quan- 
titative Determination of Gallium in Micro 
Samples by the Graphite Spark,” Applied 
Spectroscopy, Vol. 15, No. 1, p. 1 (1961). 
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been dried. The spectra are recorded 
photographically. The intensity ratio 
of the gallium analytical line and the 
indium internal standard line is de- 
termined photometrically, and the con- 
centration of the gallium is read from 
an analytical curve relating log in- 
tensity ratio to log concentration. 


Apparatus 


3. (a) Excitation Source-—Excitation 
is obtained by a spark controlled by an 
auxiliary air gap. 

(6) Spectrograph—A large Littrow- 
type quartz prism spectrograph, having 
a reciprocal linear dispersion of 7 A 
per mm at 3400 A and 2 A per mm at 
2200 A, is employed. The distance from 
the spectrograph slit to the center of 
the spark gap is 61 cm. A quartz lens 
is employed to form an enlarged image 
of the light source on the slit. A two- 
step filter with transmittances of 100 
and 10 per cent is used in the light 
path to reduce the spectral intensity 
of the indium internal standard line. 

(c) Photographic Processing Equip- 
ment, providing developing, fixing, wash- 
ing, and drying operations and con- 
forming to the requirements of the 
Recommended Practices for Photo- 

4 J. M. Morris and F. X. Pink, “Trace Analy- 
sis by Means of the Graphite Spark,’’ Sym- 
posium on Spectrochemical Analysis for Trace 


Elements, ASTM STP No. 221, Am. Soc. 
Testing Mats. (1958). 
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graphic Processing in Spectrochemical 
Analysis (ASTM Designation: E 115).5 

(d) Microphotometer—The spectral 
lines are measured with a nonrecording 
projection densitometer incorporating a 
barrier-layer type photocell and a 
galvanometer. It shall be suitable for 
the measurement of transmittances of 
spectral lines with a standard deviation 
of approximately 0.2 per cent trans- 
mittance. 

(e) Calculating Equipment.—A calcu- 
lating board with emulsion calibration 
scales or curve to convert micropho- 
tometer readings to intensity ratios. 

(f) Precision Torsion Balance,® with a 
sensitivity of 0.002 mg. 


Reagents and Materials 


4. (a) Purity and Concentration of 
Reagents.—The purity and concentra- 
tions of the chemical reagents used in 
preparing the standards and samples 
shall conform to the requirements pre- 
scribed in the Recommended Practices 
for Apparatus and Reagents for Chemical 
Analysis of Metals (ASTM Designation: 
E 50).” 

(b) Apiezon N Solution’—Dissolve 
5.0 g of Apiezon N in 1 liter of petroleum 
ether (certified, ACS, bp 30 to 60C, 
sp gr 0.625 to 0.650/25 C). 

(c) Electrodes—High-purity graphite 
rods as described in Section 7. 

(d) Gallium Stock Solution (0.1 mg 
Ga per ml).—Dissolve 10 mg of high- 
purity gallium in 10 ml of HCl and 
make up to 100 ml with water in a 
volumetric flask. 

(e) Indium Stock Solution (1.0 mg 


5“Methods for Emission Spectrochemical 
Analysis,” Am. Soc. Testing Mats., Third Edi- 
tion (1960). 

6 The balance manufactured by the Bethle- 
hem Instrument Co., Inc., Bethlehem, Pa., has 
been found satisfactory for this purpose. 

71960 Book of ASTM Methods for Chemical 
Analysis of Metals. 

8 Available from James G. 
1316 Arch St., Philadelphia 7, Pa. 


Biddle Co., 
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In per ml).—Dissolve 100 mg of high- 
purity indium in 10 ml of HCl and make 
up to 100 ml with water in a volumetric 
flask. 

(f) Photographic Emulsion.—Eastman 
No. 103-0. 

(g) Photographic Processing Solu- 
tions—The formulas for photographic 
Processing solutions are given in Recom- 
mended Practices E 115. 


Preparation of Standards 


5. Use the stock solutions (Section 4 
(d) and (e)) to prepare a series of stand- 
ard solutions to cover the gallium range 
from 0.1 per cent to 1.2 per cent. Prepare 
the standards on the basis of 0.10 mg of 
total metal per milliliter of solution. 
Adjust the acid concentration of the 
standards to approximately 2 N. 


Preparation of Samples 


6. Weigh samples of the indium- 
gallium pellets or spheres and transfer 
each individual alloy to a volumetric 
flask. Transfer samples weighing be- 
tween 0.04 and 0.10 mg to a 1-ml 
volumetric flask and add 0.1 ml to 0.2 
ml of 8 N HCl. Heat the sample slowly 
if it does not readily dissolve. After the 
sample has dissolved, dilute to give a 
final alloy concentration of 0.10 mg 
In-Ga per ml of approximately 2 N 
HCl. For samples weighing more than 
0.10 mg, it is necessary to use larger 
volumetric equipment and a propor- 
tionately larger amount of acid. Indi- 
vidual sample spheres do not normally 
weigh more than 50 mg. It is recom- 
mended that a final concentration of 
0.10 mg of sample per ml be obtained if 
possible. 


Electrode System 

7. The upper and lower electrodes 
shall be high-purity graphite rods, 3% in. 
in diameter, and 1.5 in. in length. The 
flat surface tips of the upper and lower 
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electrodes, to which the sample is to be 
added, should be coated with two drops 
of Apiezon N solution. Allow the first 
drop of Apiezon N to dry before adding 
the second drop. Pipet 0.05 ml of the 
sample solution onto each of the elec- 
trodes. Allow the solutions to dry on the 
electrode surface under an infrared lamp. 
Store the electrodes with the dried 
samples under the infrared lamp until 
ready to be sparked. Adjust the ana- 
lytical gap to 2.0 mm. 


REPoRT OF CoMMITTEE E-2 (APPENDIX I) 


licate exposures for each sample along 


with two or more control standards in 
duplicate. 


Photographic Processing 

9. Process the emulsion in accordance 
with the Recommended Practices E 115. 
Photometry 


10. Measure the percentage of trans- 
mittance of the analytical line pair with 
a projection microphotometer. The ana- 
lytical line pair is shown in Table I. 


TABLE I.—ANALYTICAL LINE PAIRS. 


Element | Ling, A | | Range, | Concentration 
Ga I 2874.24 4.29 0.1 to 1.2 0.3 
In I 2932.62¢ 4.47 internal standard 


* The intensity of this line is reduced by a 10 per cent transmittance filter. 


Excitation and Exposure 


8. Produce and record the spectra 
according to the following conditions: 

(a) Electrical Parameters—The con- 
stants read from the meters and dials 
of a commercially available source unit® 
are as follows: 


Discharge voltage, v............ 
600 
Secondary resistance, ohm....... 3 
Radio frequency current, amp... . 2.0 
Number of discharges per cycle. .. 14 
Exposure Conditions: 
Spectral region, A............ 2490 to 3470 
0.030 
4 
Spark preburn period, sec...... 0 
k exposure period, sec..... 20 
as noted in Table I 
and Section 


(c) Exposure Index.—Maintain the 
transmittance of the In I 2932.62 A 
line at approximately 60 per cent. 

(d) Replicate Exposures —Make trip- 


* The specific settings given here are for the 
Spec-Power Unit Model J-12-22, manufactured 
by the National Spectrographic Laboratories, 


Inc., Cleveland, Ohio. 


Calibration 


11. (a) Emulsion Calibration. —Cali- 
brate the emulsion in accordance with 
the Recommended Practices for Photo- 
graphic Photometry in Spectrochemical 
Analysis (ASTM Designation: E 116).® 

(b) Preparation of Analytical Curve.— 
Read and record transmittance measure- 
ments of two spectra for each of five 
standard samples that cover the test 
range, on at least three different plates, 
to obtain the original analytical data. 
Convert the transmittance measure- 
ments of the analytical line and the 
internal standard line to log-intensity 
ratios, using the emulsion calibration 
curve. Prepare an analytical curve by 
plotting the log intensity ratio versus the 
log concentration using the average of 
six determinations for each point on the 
curve. 

(c) Analytical Curve Control.—Make 
duplicate exposures of three control 
duplicate exposures of two or more con- 
trol standards on each plate to check the 
original analytical curve and to deter- 


mine corrections when necessary. 
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TABLE II.—DATA ON PRECISION OF 


METHOD. 
Concen, |Coefficient Number of 
Element of Deter- 
per cent Variation® | minations 
0.19 16.3 10 
Gallium......... 0.61 12.6 10 
0.95 9.9 10 


* Coefficient of variation, v, in this method, 


is calculated as follows: Zi. 


where: 

X = average concentration, in per cent, 

d = deviation of the determination from the 
mean, and 

n = number of determinations. py 

Calculations 


12. Convert the transmittances of the 
analytical and the internal standard 
lines of the sample into log intensity 
ratios. Determine the percentage con- 
centration from the previously prepared 
analytical curve. Report the average of 


& 
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the triplicate determinations for each 
sample. 


Precision and Accuracy 


13. (a) Precision—The data on pre- 
cision of this method are shown in 
Table II. 

(b) Accuracy.—The accuracy of the 
method is dependent on the reliability 
of the solution standards. It is estimated 
that the accuracy of the method is com- 
parable to its precision. 


DISCUSSION 


The method should be applicable to 
other elements in indium alloys besides 
gallium when the proper solution stand- 
ards have been prepared. This method 
offers a means of checking individual 
pellets or spheres even though they 
weigh considerably less than 0.1 mg. 
It can aid in the study of segregation 
effects, processing variables, and can be 
applied where the sample size is limited 
for indium-gallium alloys. 
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_ SUGGESTED METHOD FOR SPECTROCHEMICAL ANALYSIS OF 
' - BLAST FURNACE AND STEELMAKING SLAGS BY THE 


a APPENDIX 


FUSION SPARK TECHNIQUE! 
SUBMITTED BY P. R. IrisH,? H. VELDHUuIs,’ AND E. H. Lucas‘ 
wh 
E-2 SM 11-12 
Scope for Lime-Silica Ratios by the Powder - 


1. (a) This method covers the spectro- 
chemical analysis of blast furnace and 
steelmaking slags for the following con- 
stituents in the concentration ranges 
shown: 


Concentration 


Constituent Range, per cent 
Calcium oxide (CaO)......... 15.0 to 60.0 
Silicon dioxide (SiO2)......... 7.0 to 50.0 
Ferrous oxide (FeO)......... 15.0 to 35.0 
Magnesium oxide (MgO)..... 4.0 to 25.0 
Aluminum oxide (AlO3)..... 1.00 to 20.0 
Titanium dioxide (TiO2)...... 0.5 to 10.0° 
Manganous oxide (MnO)..... 0.3 to 15.0 


(b) This method can be extended in 
scope with slight modification to cover 
ores, refractories, and other inorganic 
substances. The method is similar in 
scope to the Suggested Method for 
Spectrochemical Analysis of Slags by 
the Powder-D-C Arc Technique (E-2 
SM 11-6),5 but provides for determina- 
tions at higher concentrations of ti- 
tanium dioxide and magnesium oxide and 
at lower concentrations of manganous 
oxide. The method is broader in scope 
than the Suggested Method for Spectro- 
chemical Analysis of Open-Hearth Slags 

1 This suggested method has no official status 
in the Society but is published as information 
only. The method is based on the experience of 
the submitters. Comments are solicited. 

? Bethlehem Steel Co., Bethlehem, Pa. 

3 Ford Motor Co., Dearborn, Mich. 

‘American Steel and Wire Div., United 
States Steel Corp., Worcester, Mass. 

5“Methods for Emission Spectrochemical 


Analysis,” Am. Soc. Testing Mats., 3rd Ed. 
(1960). 


Intermittent Arc Technique (E-2 SM 
11-7),5 and the Suggested Method for 
Spectrochemical Analysis of Basic Open- 
Hearth Slags for Lime-Silica Ratios by 
the Powder — Spark Technique (E-2 SM 
11-8).5 


Summary of Method 

2. A weighed sample of powdered 
slag is fused with a flux that contains an 
internal standard and a buffer material. 
One end of a short graphite rod is dipped 
into the molten material. When the 
rod is removed, a cap of the melt ad- 
heres (Note 1). This rod and one un- 
coated electrode constitute an electrode 
pair which is subjected to spark excita- 
tion. The spectra are photographed and 
the intensity ratios of selected pairs of 
analytical and internal standard lines 
are determined photometrically. The 
concentrations of the constituents sought 
are obtained from analytical calibra- 
tions which relate log intensity ratio to 
per cent concentration. 

Note 1.—The technique of dipping the 
graphite rod into the molten material is a criti- 


cal operation affecting the accuracy of the 
method. 


Apparatus 
3. (a) Sample Preparation Equipment: 
(1) Blender—Any suitable appa- 
ratus, such as a sealed jar mounted on a 
lathe and rotated at a moderate speed 
(Note 2). 


| 
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Note 2.—Large quantities (2000 g) of flux 
may be mixed in a commercial apparatus.® 


(2) Fusion Furnace.—A 2-kva induc- 
tion furnace adjusted so that within 3 
min the temperature of the melt will be 
1150 

(3) Dipping Clamp.—A rod fitted 
with a tapered adapter to hold the elec- 
trodes. This rod shall be suspended 
vertically and directly above the furnace 
opening by means of a cross arm and 
friction clamps on a support. This ap- 
paratus shall be used to lower and raise 
the electrodes in the dipping process. 

(4) Sample Storage Blocks —Carbon 
or ceramic blocks approximately 2 by 6 
by 0.5 in. shall be drilled with rows of 
holes 33 in. in diameter to a depth of } 
in. Other dimensions may be found 
satisfactory. 

(5) Drying Oven or Infrared Lamps, 
for keeping the dipped electrodes dry 
during storage. 

(b) Excitation Source-—Excitation is 
obtained by a high-voltage controlled 
spark discharge. Either the air-inter- 
rupted spark source® having the param- 
eters specified in Section 8 (a) or the 
rectified spark with rotary interrupter® 
may be used. Proper parameters shall be 
employed with either type source to 
produce desired precision and accuracy. 

(c) Spectrograph, capable of covering 
the wavelength region 2500 to 3600 A. 

®*The Patterson-Kelley 4-qt  twin-shell 
blender has been found satisfactory for this 
purpose. 

7 A resistance furnace capable of maintaining 
1150 C may also be used. Transformers, relays, 
pyrometer, and power controls are required to 
supply accurate temperature control. A special 
furnace type FHS-100, manufactured by 
Hoskins Manufacturing Co., is available for 
this application. 

®R. C. Fowler and R. A. Wolfe, “A Non- 
Mechanical Interrupter for Controlled Spark 
Circuits,” Journal, Optical Soc. Am., Vol. 35, 
pp. 170-174 (1945). 

®The “Multisource,” manufactured by Ap- 


plied Research Laboratories, Inc., Glendale, 
Calif., has been found satisfactory for this 


purpose. 
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The linear dispersion and _ resolving 
power shall be great enough to separate 
Mn 2933.06 A and Cr 2932.70 A in the 
spectrum of a slag sample containing a 
minimum of 2.0 per cent manganese and 
1.0 per cent chromium. These conditions 
are satisfied by grating and quartz prism 
spectrographs having a reciprocal linear 
dispersion of 6 A per mm at 3200 A. 
The spectrograph, with external optics, 
shall produce sharp lines of uniform 
density (Note 3). The illumination of 
the spectrograph shall represent radia- 
tion from all parts of the spark discharge 
(Note 4). 


Note 3.—In the case of a quartz Littrow 
instrument, better uniformity of the spectral 
lines can be obtained by placing a lens directly 
before the slit to image the source upon the 
collimating lens. 

Note 4.—Direct - reading spectrometers 
having the required resolving power are adapt- 
able to this procedure. 


(d) Pin Specimen Electrode Holder and 
Optical Bench.—The optical alignment 
and the source-to-slit distance shall be 
maintained accurately. 

(e) Photographic Processing Equip- 
ment, providing developing, fixing, wash- 
ing, and drying operations and con- 
forming to the requirements of the 
Recommended Practices for Photo- 
graphic Processing in Spectrochemical 
Analysis (ASTM Designation: E 115).° 

(f) Microphotometer, capable of meas- 
uring the difference in transmittance of 
spectral lines with a standard deviation 
of 0.1 per cent transmittance. 

(g) Calculating Equipment, for con- 
verting the microphotometer readings 
into per cent concentration. Such equip- 
ment shall have graphs or scales, or both, 
expanded sufficiently so that no signifi- 
cant error is introduced by calculations. 


Reagents and Materials 


4. (a) Fusion Mixture-—The reagents 


| = 
7 


required for the fusion mixture are shown 
in Table I. These reagents (specified as 
purest grade fine powder) shall contain 
no constituent as an impurity that will 
interfere with the lowest concentration 
of that constituent in the sample. The 
dry components shall be weighed on an 
analytical balance or scale to an ac- 
curacy of +0.01 per cent, and placed in 
a blender for thorough mixing. The uni- 
formity of this mix determines to a 
major extent the accuracy and precision 
that can be obtained with this method. 
The mix may be prepared in the labora- 
tory or it may be obtained commercially. 
Other fusion materials or mixes may also 
be satisfactory (Note 5). 


REpoRT OF CoMMITTEE E-2 (AppenpIx II) 


trum shall be recorded on a high-con- 
trast, fine-grain photographic plate or 
film that can be processed rapidly. 

(d) Photographic Processing Solutions. 
—The formulas for processing solutions 
are given in the Recommended Practices 
E 115. 


Standards 


5. Primary or secondary standard 
samples for slag analysis are not avail- 
able from commercial sources." Secon- 
dary standards can be produced in the 
laboratory to cover the analytical con- 
centration ranges for which it is necessary 
to calibrate. A series of such slags shall 
be prepared in the following manner: 


TABLE I.—REAGENTS FOR FUSION MIXTURE. 


Chemical Form Gove Purpose | 
Sodium carbonate (Na:;CO;)............ dry powder 80 (177 ») flux 45.60 
Sodium tetraborate (Na2B,O7-5H20)..... 80 flux 45.60 
Columbium oxide 140 (105 | internal 0.46 
standard 
Nickel oxide (Ni3Q,).................. 140 buffer 8.34 


Norte 5.—Zirconium oxide, vanadium pentox- 
ide, or lithium carbonate can also be used as in- 
ternal standards. For some materials it will be 
necessary to change the ratios of flux and buffer 
in order to effect a complete fusion. 


(b) rods” of 
commercial-grade purity or better shall 
be used for the supporting and counter 
electrodes. These shall be }-in. diameter 
rods cut to} + 0,.002-in. lengths. The 
tolerance on length is required to posi- 
tion accurately the analytical gap with- 
out touching the coated electrode end. 
The electrodes shall be uniformly flat on 
both ends and dust-free. Other lengths 
may be found convenient. 

(c) Photographic Emulsion.—The spec- 

1 These rods may be obtained in 12-in. 
lengths or cut to exact size from the National 
Carbon Co., New York, N. Y., or United 
Carbon Products Co., Bay City, Mich. 


Select a slag sample of the approximate 
analysis to fulfill one requirement and 
prepare a convenient portion to pass a 
No. 100 (149-u) sieve.* Mix thoroughly 
in a blender. Analyze portions of this 
sample carefully, preferably by more 
than one laboratory, and assign the 
average analysis as correct. Prepare ad- 
ditional standard samples in the same 
manner. Thoroughly blend mixtures of 
various proportions of high-composition 
and low-composition standards to pro- 
vide a range of standards (Note 6). 


“Report on Available Standard Samples 
and Related Materials for Spectrochemical 
Analysis,” Am. Soc. Testing Mats. (196v). 
(Issued as separate publication, ASTM STP 
No. 58-D.) 

2 The sieves shall conform to the Specifica- 
tions for Sieves for Testing Purposes (ASTM 
Designation: E 11), 1960 Supplement to Book 
of ASTM Standards, Parts 3 to 5 and 7 to 10. 
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Nore 6.—Standard samples compounded 
synthetically with additions of metallic oxides 
are not always satisfactory. For some applica- 
tions standards covering a wide range may be 
synthesized from two or three basic standards. 
As an example, by varying proportions of Na- 
tional Bureau of Standards samples No. 81 
and No. 82, both silica standards containing 
0.265 per cent and 1.96 per cent aluminum oxide 
(AlO3) respectively, a complete curve covering 
the range between these values can be prepared. 


Preparation of Standards and Samples 


6. Crush the slag sample until it 
passes through a No. 100 (149-y) sieve. 
Weigh 0.050 g of the sample or standard 
and 3.750 g of fusion mixture separately. 
Transfer the majority of the fusion 
mixture to a 25-ml platinum crucible and 
place the remainder on a clean glazed 
paper. Mix intimately the weighed slag 
with the fusion mixture on the glazed 
paper. Make an impression in the fusion 
mixture in the crucible and add the slag — 
fusion mixture from the glazed paper so 
that it does not touch the side of the 
crucible (Note 7). If difficulty is en- 
countered with certain types of slag 
adhering to the crucible, place the 
sample directly on top of the fusion 
mix, and mix slightly by stirring with a 
platinum wire. Cover the crucible with 
a platinum lid, place in the load coil of 
a 2-kva induction furnace, and heat to 
1150 C. When fusion is completed and 
the melt is quiescent, lower a piece of 
preheated }-in. diameter graphite rod 
into the melt until it just touches the 
bottom of the crucible. Stir the melt 
thoroughly and discard the rod. Preheat 
previously prepared }-in. diameter by 
}-in. long graphite electrodes, dust-free, 
to a low red heat by suspending them 
just above the melt before dipping. Im- 
merse the electrode vertically in the 
melt to a depth of } in., hold for about 
5 sec, and then raise to a position just 
above the crucible until a cap of the 
melt solidifies. Place dipped electrodes 


(hygroscopic) in a storage block in an 
oven or under an infrared drying lamp 
at a minimum temperature of 105 C 
until used. Dip four electrodes in each 
melt (Note 8). 


Note 7.—This technique is designed to pre- 
vent slag particles from sticking to the side of 
the crucible during fusion. 

Note 8.—As many as ten or more electrodes 
can be prepared from a single melt. Standard 
samples may be prepared and stored for a month 
or more without deterioration if kept clean and 


dry. 


= 


Electrode System 


7. Place the sample electrode in the 
lower electrode holder. Insert a graphite 
electrode in the upper electrode holder. 
Adjust to a gap of 3 mm between the 
graphite surfaces—not 3 mm _ between 
the fused surface of the sample electrode 
and the graphite surface of the counter 
electrode (Note 9). Because all the elec- 
trodes are the same length, this spacing 
is accomplished by gaging the gap from 
the back ends of the electrodes instead 
of from the ends forming the gap. 


Note 9.—The gap may be varied to suit 
excitation conditions. 


Excitation and Exposure 


8. Produce and record spectra of the 
samples for analysis and standard 
samples for analytical calibration in 
exactly the same manner as follows: 


(a) Electrical Parameters (Note 10): a dl 


Peak voltage, kv... 15 to 35 
0.004 
Radio-frequency current, amp.... 8.0 to 8.5 
Discharge trains per half cycle, 


Nore 10.—These parameters are provided 
by an air-interrupted source. Other types of 
sources may also be employed provided proper 
parameters are used to produce the desired 


v 
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(b) Exposure Conditions: 


Spectral region, A............ 2500 to 3600 

k exposure period, sec..... 30 to 60 


eutral filter... transmittance of 38 per cent 
to cover half the slit length 
to provide two spectra of 
unequal transmittance from 
one exposure (Note 11). 


Note 11.—Other means such as a stepped 
sector may be used to provide two spectra of 
unequal transmittance from one exposure. 

(c) Exposure Index.—Adijust the time 
of exposure and the source-to-slit dis- 


width so that the instrument measures 
two thirds of the width of the spectral 
line. Use a slit not less than 0.7 mm. 
Determine and record microphotometer 
readings of the series of iron lines selected 
for emulsion calibration. Determine the 
transmittance of the analytical line 
pairs appropriate to the mode of excita- 
tion and the concentration ranges listed 
in Table II (Note 12). 


Note 12.—Other line pairs may also be satis- 
factory. 


TABLE FI.—ANALYTICAL LINE PAIRS. 


Constituent Analytical Line, A Internal Standard Line, A | Concentration Range, 

Ca 3181.28 Cb 3191.10 15.0 to40.0 
Ca 3179.33 Cb 3145.40 25.0 to 60.0 
Ca 3181.28 Cb 3145.40 35.0 to 58.0 
Si 2881.58 Cb 2876.95 7.0 t020.0 
Si 2881.58 Cb 2883.18 20.0 to45.0 
Si 2524,12 Cb 2590.94 20.0 to 50.0 
Fe 3020.64 Cb 3028.44 15.0 to35.0 
MeO Mg 2790.79 Cb 3590.90 4.0 to16.0 
Mg 2790.79 Cb 2883.18 4.0 to25.0 
whic 
ALO Al 3092.71 Cb 3076.87 1.0 to 20.0 
Al 3082.16 Cb 3145.40 3.0 to20.0 
Ti 3088.02 Cb 3145.40 0.500 10.0 
Man 2933.06 Cb 2876.95 0.30to 3.0 

Mn 2949.20 Cb 3145.40 1.00 to 5.0 

Mn 2933.06 Cb 2883.18 2.50 to 15.0 

tance to provide a microphotometer read- Calibration 


ing on the unfiltered section of the Cb 
2883.18 A line of approximately 65 per 
cent transmittance. 

(d) Replicate Exposure—Make dupli- 
cate exposures of all samples, preferably 
on separate plates or films. 


Photographic Processing 


9. Process the emulsion in accordance 
with Recommended Practices E 115. 


Photometry 


10. Set the microphotometer slit 


11. (a) Emulsion Calibration —Cali- 
brate the emulsion in accordance with 
the Recommended Practices for Photo- 
metric Photometry in Spectrochemical 
Analysis (ASTM Designation: E 116).§ 
Use the emulsion calibration curve to 
convert microphotometer readings for 
the element lines and internal standard 
lines to their log intensity ratios. 

(b) Preparation of Analytical Curves or 
Scales.—Prepare the analytical curves or 
scales from data collected from a mini- 


hz: 


mum of ten exposures each of standard 
slag samples. Follow the procedure as 
described in Sections 6 through 11. 
Establish the analytical curves by plot- 
ting the average intensity ratios against 
the respective element concentrations. 
Analytical scales may be produced from 


TABLE III.—DATA ON PRECISION OF 
METHOD.* 


Aver- 
age | | 
Re Con- | nevia- | cient 
Element centra- | “tion of 
As tion, per Varia- 
pA cent | tion 
CaO | 37.1 | 0.517) 1.40 
SiO. | 15.6 | 0.348) 2.23 


* Data from 25 determinations of CaO and 
SiO2 in one open-hearth slag sample. 
> Coefficient of variation, v, per cent is 


calculated as follows: 
100 


XV 


where: 

X = average concentration, in per cent, 

d = difference of the determination from the 
mean, and 

n = number of determinations. 


these curves if desired. Expose standard 
samples at sufficient intervals thereafter 
to assure that the calibrations are being 
maintained. 


Calculations 


12. Convert the microphotometer 
readings for the element lines and the 
internal standard lines to log intensity 
ratios. Refer these ratios to the appro- 
priate analytical curves or scales to de- 
termine the per cent concentrations. 
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Precision and Accuracy 


13. Data on precision of the method are 
given in Table III, and Table IV gives 
an example of the accuracy obtained by 
one laboratory for the analysis of open- 
hearth slags. Another laboratory reports 


TABLE IV.—DATA ON ACCURACY OF 
METHOD.* 


Per- age > 
; cent- | Per 
Constituent age by | | | 
Reported as Spec- | by = 
troche- | | | 34.4 
mical |,,ica! S35 
Method (Method | | 

n 
es 45.6 | 45.7 | 1.26 | 2.76 
eee 16.8 | 16.0 | 0.77 | 4.70 


* Data from 312 open-hearth slag samples. 
> Coefficient of variation, », per cent, is 
calculated as follows: 


_10 


n-1 

where: 

X = average concentration, in per cent, 

d = difference of the determination from the 
mean, and 

n = number of determinations. 


the coefficient of variation for nearly all 
analyses of 1.0 to 1.5 per cent. 


DISCUSSION 


This method has been used extensively 
in two laboratories. The techniques of 
fusing the sample and coating the elec- 
trode are not new. With modifications 
to the fusion mixture, this method has 
also proved useful for the analysis of 
silica brick, other refractories, fluxes, 
ores, and other nonconducting materials. 


REPORT OF COMMITTEE E-3 
ON 


dw al 


CHEMICAL ANALYSIS OF METALS* | 


Committee E-3 on Chemical Analysis 
of Metals held one meeting during the 
year: on June 29, 1960, in Atlantic City, 
N. J. in conjunction with the Annual 
Meeting of the Society. The Advisory 
Committee, divisions, and many task 
groups held individual sessions June 
26-29, 1960. 

The functions and activities within 
the committee are expanding rapidly 
and it has been necessary to add and 
re-align the divisional responsibilities as 
follows: 


Division F on Ferrous Metals: Iron-base alloys, 
ferro-alloys, steel-making alloys, stainless and 
highly-alloyed steels, and heating alloys. 

Division G on General Analytical Methods: 
Reagents, apparatus, statistical methods, pro- 
cedures, and symposia. 

Division M on Miscellaneous Metals: Basis 
alloys of chromium, hafnium, titanium, ura- 
nium, vanadium, zirconium, and metal pow- 
ders. 

Division N on Non-Ferrous Metals: Basis alloys 
of aluminum, beryllium, copper, indium, mag- 
nesium, tin, lead, zinc, alkali metals, semicon- 
ductor materials, precious or noble metals. 

Division R on Refractory Metals: Basis alloys 
of columbium, molybdenum, rhenium, tanta- 
lum, and tungsten. 

Division S on Sampling: Ferrous, non-ferrous, 
miscellaneous. 


The International Organization for 
Standardization, on which the ASA is the 
U. S. representative, is assembling stand- 
ard procedures for chemical analysis. 
The ASA is looking to Committee E-3 
as a source to influence the ultimate 
quality of methods concerning metals. 


* Sixty-fourth Annual Meeting of the So- 
ciety, June 25-30, 1961. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the Annual Meeting, 
Committee E-3 presented to the Society 
through the Administrative Committee 
on Standards the following recommenda- 
tions: 


New Tentative Methods for Chemical Analysis of: 
Aluminum and Aluminum-Base Alloys (E 34 - 
60 T), and 

Special Brasses and Bronzes (E 54-60 T). 


New Tentative Method of Test for: 
Antimony in Copper and Copper-Base Alloys 


(E 62 - 60 T), and 
Oxygen in Molybdenum (E 174-60 T). 


New Tentative Recommended Practices for: 
Conducting Inter-Laboratory Studies of Meth- 


ods for Chemical Analysis of Metals (E 173 - 
60 T). 

Revision of Tentative Methods for Chemical Analy- 
sis of: 

Ferroboron (E 31 — 60 T), 

Titanium and Titanium-Base Alloys (E 120- 
60 T), and 


Zirconium and Zirconium-Base Alloys (E 146 - 
59 T). 

Revision and Reversion to Tentative of Standard 
Methods for Chemical Analysis of: 

Magnesium and Magnesium-Base Alloys (E 35 - 


60), and 
Silver Solders (E 56 - 45). 


These recommendations were accepted 
by the Standards Committee on Decem- 
ber 29, 1960, and the new and revised 
tentatives appear in the 1960 Book of 
ASTM Methods for Chemical Analysis 
of Metals. 
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Activities or Divisions 
AND SUBCOMMITTEES 


Editorial Subcommittee (C. S. Mills, 
chairman) held three meetings during 
the year. A large number of new and 
revised methods were reviewed and sev- 
eral entire sections of older methods 
were editorially revised to conform to 
the presently-accepted form and style. 
Model methods have been selected to 
serve as guides for task forces. 

Division G on General Analytical Meth- 
ods (L. M. Melnick, chairman): 

During the past year Methods E 50 
(Apparatus and Reagents) and E 60 
(Photometric Practices) were reviewed 
and brought up to date. Also, the Rec- 
ommended Practices E 173 -60T were 
approved. A number of new and revised 
methods were reviewed prior to ballot- 
ing. 

A symposium on “Extension of Sensi- 
tivity for Determining Various Constitu- 
ents in Metals” will be held at the June, 
1961, meeting, in conjunction with 
Committee E-2 on Emission Spectros- 
copy." 

Division F on Ferrous Metals (J. J. 
Furey, chairman): 

Projects on which Division F is cur- 
rently active include the following: 


Low-Carbon (less than 0.01 per cent) in 
Steel 


A proposed preliminary method has 
been distributed to task force members. 
Three samples have been secured for 
evaluation of the method. Variability 
in accelerator, boats, and crucibles, and 
evaluation of Leco standards for prepa- 
ration of calibration curves is being 
checked in four laboratories; two labora- 
tories use resistance furnaces for com- 
bustion and two use induction type 
furnaces. When this work is completed, 
samples, boats, accelerators, and cali- 


1 The papers in this symposium will be pub- 
lished as ASTM STP No. 308. 
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bration standards will be distributed to 
all task force members for evaluation of 


the method. 


A detailed questionnaire was sent out 
to cooperators concerning operation of 
their equipment. As a result, stainless 
steel samples are being analyzed for hy- 
drogen and when a sufficient number of 
appropriate samples have been obtained, 
they will be distributed to the task 
force for analysis. The upper limit of 
hydrogen concentration of interest has 
been set at 7 ppm and task force mem- 
bers will look for samples which will be 
tested for homogeneity in one laboratory 
before submission to other laboratories. 


Low Sulfur (less than 0.01 per cent) in 
Steel 


Samples for tests of both an umpire 
method and a combustion working 
method have been distributed to task 
force members. The umpire method is a 
procedure developed by Luke of Bell 
Telephone Laboratory. For the working 
method, a volumetric finish and a photo- 
metric finish will be tried out following 
combustion of the sample. 


High Cobalt in Alloys 


Cobalt sulfate has been adopted as a 
primary standard, following results ob- 
tained on a cobalt test metal. The num- 
ber of results by the ion exchange 
method was insufficient to evaluate this 
procedure properly. When more results 
are in, the procedure will be tried by the 
entire task force. 


Aluminum in Steel (Photometric) 


A photometric procedure employing 
aluminon as a color reagent has been 
submitted for trial by the task force. A 
titration method applicable to high- and 
low-alloy steels will also be evaluated. 
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Nitrogen in Steel 


The original method submitted for 


trial has not proved entirely satisfactory. 


The Armco Steel Co. method which is 


- similar to the BISRA method will be 


tried. 

Manganese in Ferromanganese and Sili- 
comanganese 
The task forces completed work on 


_ the modification of the Lingane-Karplus 


method for manganese in ferromanga- 
nese. The method was accepted and 
appears in the new edition of the book. 


Ferrocolumbium 


Methods for columbium, tantalum, 
titanium, silicon, carbon, manganese, 


aluminum, tin, and phosphorus have 
been sent out to task force members, 
together with a sample of the alloy. It is 


hoped to provide a National Bureau of 


_ Standards sample of ferrocolumbium as 


a corollary to the work of providing 
analytical methods for ASTM. The 


preliminary draft of the methods has 


been edited to conform to current 
ASTM style. Work on a photometric 
method for phosphorus in steels and on 
a photometric procedure for copper in 
steel employing neocuproine have been 
completed. The methods have been ac- 
cepted and appear in the new edition of 
the book. A committee was appointed 
to investigate and report on the need 
for a method for boron in high-tempera- 
ture alloys. 

Tribute was paid to Messrs. Harry 
Bright and John Wiley, both of whom 
retired during the year, for their long 
service and worthwhile contributions to 
the Division. 


Division N on Non-Ferrous Metals (R. G. 
Ernst, chairman): 


The following new methods were com- 
pleted and are included in the new edi- 
tion of the book: (1) Method for the 
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Determination of Zinc in Aluminum- 
Base Alloys with EDTA (Volumetric), 
(2) Method for the Determination of 
Zinc in Copper-Base Alloys with EDTA 
(Volumetric), and (3) Method for the 
Determination of Copper in Magnesium- 
Base Alloys with Neocuproine (Photo- 
metric). Also the entire group of proce- 
dures for the analysis of Magnesium and 
Magnesium-Base Alloys (Methods E 35) 
was revised editorially to conform to the 
most recent recommendations on form 
for methods of chemical analysis. Similar 
revisions of all of the groups of proce- 
dures under the jurisdiction of Division 
N are planned. 

Work is still in progress on the follow- 
ing methods: (1) analysis of beryllium 
and beryllium oxide, (2) analysis of 
zinc anodes for cathodic protection, (3) 
determination of trace amounts of alu- 
minum in zinc, (4) determination of 
minor constituents and impurities in 
silver brazing alloys, and (5) determina- 
tion of beryllium in aluminum-base al- 
loys (task force to be organized). 

Agreement has been obtained with 
Subcommittee [IX on Materials Analy- 
ses of Committee F-1 to attempt to com- 
bine the Methods for the Analysis of 
Electronic Nickel (E 107) with the 
Methods for the Analysis of Nickel 
(E 39). It is felt that the methods now 
recommended in E 107 can be improved 
by a less rigid restriction on sample size 
than had been imposed when these 
methods were first prepared. 


Division M on Miscellaneous Metals (G. 
Porter, chairman): 


Columbium Metal 


Lack of satisfactory samples of boron 
has prevented any task force review. 
The conductometric method for carbon 
has proved satisfactory in the 400 to 600 
ppm range and the review is being com- 
pleted on tests with an 80 ppm sample. 
The data collected on hydrogen are being 
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analyzed statistically and the method 
should be available shortly. A second 
task force review of iron is in progress. 
An improved dithiol method for molyb- 
denum is being evaluated prior to a 
second round-robin program. Task force 
review of nitrogen is complete and the 
method is being balloted upon. Task 
force results on oxygen are encouraging, 
but lack of suitable range of metal for 
testing has prevented completion of the 
work. Preliminary evaluation of a 
method for silicon is taking place, prior 
to task force review. Very satisfactory 
results were obtained on an ion exchange 
method for tantalum. Preliminary ar- 
rangements have been made to supply 
the National Bureau of Standards with 
metal containing 15 important impurity 
elements. 


Heating Alloys 


The present methods are being re- 
viewed prior to task force review on 
some new methods. 


Lithium Metal 


A task force chairman has been ob- 
tained and a program is being formu- 
lated. 


Metal Powders 


Group I task force review on hydrogen 
loss of iron powder was completed with 
satisfactory results and the method is 
now under editorial review. The Metal 
Powder Association method and support- 
ing data for determining insoluble matter 
will be recommended for acceptance. A 
list of the slight modifications necessary 
to apply Committee E-3 methods to the 
analysis of metal powders has been sub- 
mitted. In Group II task force, review of 
several methods for estimating the oxy- 
gen content of tungsten metal is con- 
tinuing. 
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Molybdenum 


Task force review of vacuum-fusion 
baths, other than the present iron-tin 
bath, for the determination of oxygen 
is dependent on obtaining samples of 
suitable metal. This group is also con- 


sidering extending its scope to include 


tungsten metal. 
Titanium 


The volumetric method for aluminum 
is in the 1960 book. Two methods for 
carbon are undergoing task force re- 
view. A hot extraction method for hy- 
drogen will be prepared. The tin and 
platinum flux methods for oxygen were 
approved during the year and are in the 
new book. The inert gas fusion method 
will be reviewed by task forces. The 
present methods for vanadium and 
chromium are being examined for pos- 
sible weaknesses in the presence of cer- 
tain alloying elements. The need for 
methods for zirconium and copper is 
being explored. 


Zirconium Alloys 


A method for tin had been proved in 
task force review, and is now in editorial 
review. Methods for carbon, tungsten, 
and uranium are being revised at task 
force level. Methods for oxygen and 
thorium are being tested. 


Division S on Sampling (A. C. Holler, 
chairman): 


Ferrous Subcommittee (J. B. Arm- 
strong, chairman).—The task group on 
the sampling of high-carbon ferrous ma- 
terials for the determination of the total 
carbon content has proposed a series of 
alternate methods of sampling. The ma- 
terials that the proposed methods cover 
are cast iron, nodular iron, and pig iron. 
The results of this study are a part of 
Method E 59. 

Division S is reviewing in cooperation 
with Committee E-2 on Emission Spec- 
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troscopy a method for the simultaneous 
sampling of molten ferrous alloys for rou- 
tine control spectrographic and wet anal- 
ysis. 

Non-Ferrous Subcommittee (G. F. 
Donahue, chairman)—A sampling 
method for beryllium oxide has been 
circulated to Division S membership. 
The subcommittee is cooperating with 
Committee B-5 on Copper and Copper 
Alloys in a review of the Method of 
Sampling Wrought Non-Ferrous Metals 
and Alloys for Determination of Chemi- 
cal Composition (E 55). 

Miscellaneous Metals Subcommittee 
(John Danaczko, chairman).—Work is 
still in progress on the development of 


sampling methods for lithium, molyb- 
denum, and columbium in cooperation 
with Subcommittee VIII of Committee 
B-2 on Non-Ferrous Alloys. 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 120 members; 91 members re- 
turned their ballots, of whom 89 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
A. THoMas, 
Chairman. 
H. KirTcHIk, 
Secretary. 


Committee E-4 on Metallography, 
together with several of its subcommit- 
tees, met twice during the year: on June 
26 through 28, 1960, during the Annual 
Meeting of the Society in Atlantic City, 
N. J., and on January 30 and 31, 1961, 
during ASTM Committee Week in Cin- 
cinnati, Ohio. 

The committee presently consists of 
124 members. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1960 Annual 
Meeting, Committee E-4 presented to 
the Society through the Administrative 
Committee on Standards the following 
recommendations: 

New Tentative Method for: 
Assigning Phase Designations 

Systems (E 157 - 61 T). 

Revision of Tentative Methods for: 


Estimating the Average Grain Size of Metals 
(E 112-58 T). 


in Metallic 


Revision and Reversion to Tentative of Recom- 
mended Practice for: 


Determining the Inclusion Content of Steel 
(E 45-51). 


The new Tentative Method E 157 was 
accepted by the Standards Committee 
on January 3, 1961 and is available as a 


separate reprint. The revisions of 
Method E 112 and Recommended Prac- 


*Sixty-fourth Annual 
Society, June 25-30, 1961. 
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tice E 45 were accepted on September 29, 
1960 and they appear in the 1960 Supple- 
ment to Book of ASTM Standards, 
Part 3. 


ADOPTION OF TENTATIVE AS STANDARD 
WitTHovuT REVISION 


The committee recommends that the 
Tentative Methods for Estimating the 
Average Grain Size of Metals E 112 - 60 
T)! be approved for reference to letter 
ballot of the Society for adoption as 
standard without revision. 


TENTATIVE CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the fol- 
lowing tentatives: 


Methods for: 

Preparation of Micrographs of Metals and Alloys 
(Including Recommended Practice for Pho- — 
tography as Applied to Metallography) | 
(E2-49T), and 

Determining the Orientation of a Metal Crystal 
(E 82-49T). 

Recommended Practice for: 

Thermal Analysis of Metals and Alloys (E 14- 
61T). 

Definitions of Terms Relating to: 

Metallography (E 7 - 65 T). 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting? 

11958 Book of ASTM Standards, Part 3. 

2 The letter ballot vote on these reeommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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AcTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Selection and Prep- 
aration of Samples (W. D. Forgeng, 
chairman) now has a number of task 
groups preparing recommendations on 
modern practices in preparation of metal- 
lographic samples in the several classes 
of metals and alloys. These will cover 
“micro” as well as “macro” samples. 

Due to unforeseen and unavoidable 
circumstances, publication of the June 
1960 symposium on polishing was ma- 
terially delayed, but is now available as 
STP No. 285 on Methods of Metallo- 
graphic Specimen Preparation. 

Subcommittee III on Nomenclature (W. 
L. Fink, chairman), after many years of 
effort, has finally attained its goal of 
formal acceptance by the Society of the 
proposed Tentative Method for As- 
signing Phase Designations in Metallic 
Systems (E 157-61 T). Attaining uni- 
versal use of the system is being ma- 
terially aided by the adoption of the 
system for use in the ASTM Powder 
Data Card File. Additionally, an article 
has been published in Materials Re- 
search & Standards. Reprints of this 
article and of the system will be cir- 
culated nationally and internationally. 
Prior to the letter ballot, it had received 
widespread approval of eminent metal- 
lurgists at home and abroad. Contact will 
be maintained with all of the technical 
societies throughout the world that co- 
operated in the development of this 
method. It is hoped that these societies 
will help in the future improvements of 
the method and in securing universal 
use of the method. 

A task group under the chairmanship 
of C. Schwartz has been appointed to 
devise an optional additional symbol that 
can be added to the phase designation to 
give extensive crystallographic informa- 
tion. 

Another task group under the chair- 
manship of Taylor Lyman has been 


appointed to develop a standard method 
for presenting equilibrium data. 

Subcommittee IV on Photography (G. 
A. Ellinger, chairman) is sponsoring the 
presentation of a paper describing a 
method of preparing macrographs of 
coarse-grained metals by means of point- 
source illumination. 

The subcommittee is also revising the 
regulations for entries to the photomicro- 
graphic classes of the biennial Photo- 
graphic Exhibit of the Society. 

Subcommitiee VI on X-ray Methods 
(R. K. Scott, chairman) is revising 
certain portions of Recommended Prac- 
tice E 43. This is a temporary measure 
to up-date Recommended Practice E 43 
pending the much enlarged version which 
will appear as a Special Technical 
Publication. 

The subcommittee is also collaborating 
with the Joint Committee on Chemical 
Analysis by Powder Diffraction Methods 
in studying the possibilities of estab- 
lishing a card index for electron diffrac- 
tion patterns analogous to the 
well-known ASTM Powder Data Card 
File on X-ray patterns. 

Subcommittee VIII on Grain Size 
(R. E. Penrod, chairman), completed 
Plate II, Twinned Grains-Flat Etch, for 
inclusion in the 1960 revision of Methods 
E 112. The subcommittee is firmly of the 
opinion that Methods E 112 will need no 
further changes in the foreseeable future, 
and thus recommends their adoption as 
standard. 

Subcommitlee IX on Inclusions (Samuel 
Epstein, chairman) revised the text of 
Recommended Practice E 45, and am- 
plified the comparison chart in 1960. 

Additional efforts are being made to 
include other methods of inclusion evalu- 
ation and also to extend these methods to 
application to vacuum-melted materials 
together with recommendations for 
quantitative use of the comparison chart. 

Subcommittee XI on Electron Micro- 
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of Metals M. 
chairman) is continuing its work on 
studies of alloys by the transmission 
electron microscopy of thin sections, as 
well as its studies on the structures of 
the super-strength, high-temperature 
alloys. 

In addition, a new group has been 
formed to study electron diffraction 
methods. As a “methods” group, it will 
be closely coordinated with the electron 
diffraction data activities of Subcom- 
mittee VI. 

Subcommitiee XIV on Quantitative 
Metallography (G. E. Pellissier, chair- 
man), although in the formative stage, 
has already accumulated several tasks in 
areas where reference standards are 


Eprrorrat Note 
Subsequent to the Annual Meeting, Committee E-4 presented to the Society thr 
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needed. These problems as 
evaluation of precipitates in stainless 
steels and measurements of carburization 
of steels. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 124 members; 99 members 
have returned their ballots, of whom 
93 have voted affirmatively and 0 
negatively. 


Respectfully submitted on behalf of 


the committee, as 
5 


Mary R. Norton, 
Secretary. 


L. L. Wyman, 
Chairman. 


1 the Administrative Committee on Standards the following recommendations: a 


New Tentative Recommended Practice for: 


rials (E 189 - 61 T). 
Withdrawal of Standard Methods for: 


_ Withdrawal of Tentative Method for: 


Alloys (E 91-51 T). 
Withdrawal of Standard Classification of: 
Austenite Grain Size in Steels (E 19 - 46). 


49T). 


_ Standards, Part 3. 


_ Determining Temperature-Electrical Resistance Characteristics (EMF) of Metallic Mate- 


Estimating the Average Ferritic Grain Size of Low-Carbon Steels (E 89 - 52). 


Withdrawal of Tentative Recommended Practice for: 
Identification of Crystalline Materials by the Hanawalt X-Ray Diffraction Method (E 43 - 


_ Estimating the Average Grain Size of Non-Ferrous Metals, Other Than Copper, po Their 


These recommendations were accepted by the Standards Committee on September 12, 
- 1961, and the new tentative recommended practice appears in the 1961 Book of ASTM 


. 
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Committee E-5 on Fire Tests of Ma- 
terials and Construction held two meet- 
ings during the year: in Atlantic City, 
N. J. on June 29, 1960, and in Cincinnati, 
Ohio on February 3, 1961. 

The committee consists of 75 members 
of whom 32 are classified as producers, 6 
as consumers, 32 as general interest, and 
5 as consulting members. 

Revised by-laws of the committee were 
adopted during the year. 

An Editorial Subcommittee was or- 
ganized with the responsibility for re- 
viewing all new and revised standards 
and tentatives. 

The committee is proud to note that 
one of its members, S. H. Ingberg, was 
recognized by the Society at the 64th 
Annual Meeting as a 50-yr member, and 
the committee wishes to add its con- 
gratulations. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 

On September 29, 1960, the Adminis- 
trative Committee on Standards, acting 
for the Society, accepted the following 
recommendations submitted by Com- 
mittee E-5: 


New Tentative Methods of: 

Test for Measuring the Surface Flammability of 
Materials Using a Radiant Heat Energy 
Source (E 162-60 T), and 

Fire Tests of Window Assemblies (E 163 - 60 T). 


* Sixty-fourth Annual Meeting of the So- 
ciety, June 25-30, 1961. — 
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Revision of Tentative Method of Test for: 
Surface Burning Characteristics of Building Ma- 
terials (E 84-59 T). 
The new and revised tentatives appear 
in the 1960 Supplement to Book of 
ASTM Standards, Part 5. 


New TENTATIVE 


The committee recommends for publi- 
cation as tentative the Definitions of 
Terms Relating to Fire Tests of Building 
Construction and Materials, as appended 
hereto.! 

The first three definitions were sub- 
mitted to the Administrative Committee 
on Standards on September 29, 1960, 
and were referred back to Committee 
E-5 for review of negative votes. Follow- 
ing this review, the definitions are sub- 
mitted as part of this recommendation. 


TENTATIVE REVISION OF STANDARD 


The committee recommends the fol- 
lowing tentative revision of the Standard 
Methods of Fire Tests of Building Con- 
struction and Materials (E 119-58)? 

Section 9(b).—Change the first sen- 
tence to read as follows: 

Specimens are to be exposed to the controlled 
conditions outlined in Paragraph (a) until the 
interior or dampest section of the assembly at- 
tains a relative humidity of 70 per cent or less. 

This recommendation is contingent 
on the recommendation set forth later 

! The new tentative appears in the 1961 Book 


of ASTM Standards, Part 5. 
21958 Book of Part 5. 
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in the report for adoption as standard of 
the tentative revision of Section 9 of 
the standard. 


ADOPTION OF TENTATIVE AS STANDARD 
WITHOUT REVISION 

The committee recommends that the 
Tentative Method of Test for Surface 
Burning Characteristics of Building 
Materials (E84-60T)* be approved 
for reference to letter ballot of the 
Society for adoption as standard with- 
out revision. 


ADOPTION OF ‘TENTATIVE REVISIONS 
AS STANDARD 


The committee recommends that the 


tentative revisions‘ issued June, 1959, of 
Sections 9 and 30 of the Standard Meth- 
ods of Fire Tests of Building Construc- 
tion and Materials (E 119-58)? be 
approved for reference to letter ballot of 
the Society for adoption as standard. 


REVISIONS OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as follows 
of the Standard Methods of Fire Tests of 
Building Construction and Materials 
(E 119-58),? and accordingly asks for 
the necessary nine-tenths affirmative 
vote at the Annual Meeting in order that 
the revisions may be referred to letter 
ballot of the Society: 

Section 4.—Change the title to read: 
“Temperatures of Unexposed Surfaces of 
Floors, Roofs, Walls, and Partitions.” 
Change the first two sentences of Para- 
graph (a) to read as follows: 


Temperatures of unexposed surfaces shall be 
measured with thermocouples or thermometers‘ 
placed under flexible, dry, felted asbestos pads. 
The properties of these pads shall meet the re- 
quirements listed in Appendix IT. 


31960 Supplement to Book of ASTM Stand- 
ards, Part 5. 

41959 Supplement to Book of ASTM Stand- 
ards, Part 5. 


without revision: 
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Add the following note to Para- 
graph (a): 


Note.—For the purpose of testing roof as- 
semblies, the unexposed surface shall be defined 
as the surface exposed to ambient air. 


Section 9(c).—Delete the last sentence. 
New Appendix.—Add a new Appendix 
II as follows: 


Appendix II.—The asbestos pads used in 
measurements of temperature of unexposed sur- 
faces of specimens shall be of felted amosite 
asbestos free of organic additives and shall 
exhibit the following properties: 

1. Length and Width, 6 + } in., 

2. Thickness,* 0.40 + 0.05 in., 

3. Dry Weight, 0.260 + 10 per cent lb, 

4. Thermal Conductivity (at 150 F), 0.38 + 

7 per cent Btu in. per hr sq ft deg Fahr, 
and 

5. Hardness,’ 10-25 (Modified Brinell). 

The pads shall be sufficiently soft so that, 
without breaking, they may be shaped to con- 
tact over the whole surface against which they 
are placed. 


* The thickness measurement is made under 
the light load of a }4-in. diameter pad of a dial 
micrometer gage. 

’The hardness measurement is made by 
pressing a l-in. diameter steel ball against the 
sample and measuring the indentation obtained 
between a minor load of 2 lb and an additional 


major load of 10 lb (12 lb total). The hardness _ 


is obtained by the relationship 


Hardness = 


where y = the difference in indentation in inches. 


TENTATIVE CONTINUED WITHOUT 


REVISION 


The committee recommends the con- | 


tinuation without revision of the Tenta- 
tive Method of Test for Defining Non- 
combustibility of Building Materials 
(E 136 - 58 T). 


REAPPROVAL OF STANDARDS 


The committee recommends the re- 
approval of the following standards 
which have stood for more than six years 


— 
— 
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Standard Method of Test for: 


Combustible Properties of Treated Wood by 
the Fire-Tube Apparatus (E 69-50), and 
Combustible Properties of Treated Wood by the 

Crib Test (E 160-50). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting. 


SUBCOMMITTEE ACTIVITIES 


Subcommittee I on Fire Tests of Ma- 
terials and Construction (A. J. Steiner, 
chairman).—The work of a task group 
on development of new pads to replace 
existing ones has resulted in revisions of 
Section 4 and the addition of Appendix IT 
to Method E 119 as indicated earlier in 
this report. Several additional changes 
were made in Method E 119 to improve 
the test procedure. Task groups are now 
actively studying end point criteria for 
ignition and also for beam deflection. A 
new task group was created to review 
the criteria for time of test as given in 
Section 9 of Method E 119. 

Subcommittee IV on Fire Tests of 
Acoustical and Similar Finishes (C. H. 
Yuill, chairman) sponsored the 8-ft tunnel 
test which has been published as in- 
formation, and the new tentative radiant 
panel test, referred to earlier, for re- 
search purposes. Several 8-ft and 25-ft 
tunnels are either now under construc- 
tion or in operation. New correlation 
data have been distributed from the 
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25-ft tunnel apparatus from tests at the 
Underwriters’ Laboratories, Inc. of 
Chicago and the Underwriters’ Labora- 
tories of Canada. A task group has been 
appointed to maintain and correlate in- 
formation from various sources covering 
flame spread test performance and its 
relationship to actual structures. 

Subcommittee V on Nomenclature and 
Definitions (J. V. Ryan, chairman) pre- 
pared the proposed tentative definitions 
for seven terms used in fire testing now 
in common usage, referred to earlier in 
the report. It is continuing work on 
additional definitions in this field. 

Subcommitiee X on Research (A. F. 
Robertson, chairman) sponsored a Sym- 
posium on Fire Test Methods at the 
Cincinnati meeting.© The subcommittee 
is now considering a symposium for some 
future meeting on the effects oi moisture 
on the results of fire testing. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 70 voting members; 47 mem- 
bers returned their ballots, of whom 45 
have voted affirmatively and 1 
negatively. 


Respectfully submitted on behalf of 
the committee, 
H. D. Foster, 


Chairman. 
— 


I.A. BENJAMIN, 
Secretary. 


5 The letter ballot vote on these re d 
tions was favorable; the results of the vote are on 
record at ASTM Headquarters. 


® This has been published as ASTM Special 
Technical Publication STP No. 301. 
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Committee E-6 on Methods of Testing 
Building Constructions held one meeting 
during the year: on Nov. 14 and 15, 1960 
in Washington, D. C., in conjunction 
with the fall meeting of the Building 
Research Inst. A highlight of this meet- 
ing was the Symposium on Testing 
which comprised five papers covering 
methods of testing various types of 
building assemblages. The co-chairmen 
of the symposium were R. F. Legget and 
D. E. Parsons. 

The committee consists of 107 mem- 
bers of whom 78 are voting members; 
48 are classified as producers, 5 as con- 
sumers, and 48 as general interest mem- 
bers, with 6 consulting members. 

The committee paid tribute to Theo- 
dore Irving Coe, who died just prior to 
the November meeting. Mr. Coe’s long 
and devoted service to technical groups, 
such as Committee E-6, will be long 
remembered. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as follows of 
the Standard Methods of Conducting 
Strength Tests of Panels for Building 
Construction (E 72-55)! and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 


* Sixty-fourth Annual Meeting of the So- 
ciety, June 25-30, 1961. 
11958 Book of ASTM Standards, Part 5. 
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in order that the revisions may be re- 
ferred to letter ballot of the Society. 

New Method.—Add the following new 
Method C for Evaluation of Wetted 
Racking Panels, comprising new Sections 
46 to 49, renumbering the present Sec- 
tions 46 to 49 and subsequent sections 
accordingly : 


Method C for Evaluation of Sheathing 
Materials (Wetted) on a Standard 
Wood Frame 


This test has been developed to simulate 
the degree of wetting possible during con- 
struction of a structure when, because of 
rain, the framing and sheathing may be 
wetted on one or both sides. Both sides of 
the wall panel are wetted because this rep- 
resents the maximum exposure possible 
during the stage of construction before 
the structure is roofed. 


Test Specimens 


46. The test specimens shall conform 
in size and fabrication details to the 
requirements of Section 43. 
Conditioning 

47. (a) The fabricated test specimens 
shall be mounted or suspended in a 
vertical position in such a manner as to 
prevent continuous immersion of the 
bottom edge of the specimen. Both sides 
of the test specimen shall be exposed to 
a water spray applied at or near the top 
along the entire length to insure that the 
top of the specimen is being wetted. ‘The 
spray shall have no jet action that cuts 


METHODS OF TESTING BUILDING CONSTRUCTIONS* 
Ss 
N 
n 
n 
e 
e 
e 
e 
Oo 
h 
l- 
5 
1 
_| 
nN. 
| 
= 


into the sheathing material, and the 
spray areas shall overlap sufficiently so 
that a continuous sheet of water flows 
down both surfaces of the specimen. The 
temperature of the water in the line to 
the spray nozzle shall be maintained at 
75 + 5 F. The specimens shall be wetted 
for a period of 6 hr and then allowed to 
dry for a period of 18 hr. The drying shall 
take place in laboratory air, preferably 
at a temperature of 75 + 5 F. No at- 
tempt shall be made to increase the air 
movement over the specimens by fans 
or blowers. The test specimens shall be 
subjected to two complete wetting and 
drying cycles and then a third wetting 
cycle. The racking test shall commence 
within 2 hr after the completion of the 
third wetting cycle. The racking test 
shall be carried out in accordance with 
Section 44. 

(6) After the racking test is completed, 
moisture samples shall be cut from the 
sheathing material, and moisture content 
determinations shall be made on a 
weight basis with the moisture content 
expressed as a percentage of the oven- 
dry weight in accordance with Section 
48(b). Preferably, five moisture content 
samples at least 4 by 6 in. in size shall 
be taken from each 4- by 8-ft sheathing 
panel of the test specimen; one from the 
center of each sheathing panel at the 
top and bottom edges, one from mid- 
length on each side, and one from the 
panel center. 


Moisture Content 


48. The moisture content samples 
shall be weighed immediately upon being 
cut from the test specimen to en accuracy 
of not less than +0.2 per cent. All loose 
particles shall be carefully removed from 
the sample before weighing. The samples 
shall then be dried to constant weight in 
an oven at 103 + 2 C (Note). 


Note.—If large amounts of volatile matter 
or substances other than free water are removed 
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from the sheathing material by drying at 103 + 
2 C, the sheathing material may be dried to 
constant weight at a lower temperature and the 
drying time and temperature given in the 
report. 


Calculation 


49. The moisture content shall be 
calculated as follows: 


M = 100 (" - *) 
F 
where: 


M = moisture content, in per cent, 


W = initial weight, and 
F = final weight when oven dry. 
Report 


49. The report shall include the rack- 
ing test data as specified in Section 45. 
It shall also include the line temperature 
of the water sprayed on the test speci- 
mens; the air temperature and relative 
humidity during the drying portion of 
the cycle; and the location of the mois- 
ture content samples and the moisture 
content of each. 


REAPPROVAL OF STANDARDS 
The committee recommends the reap- 
proval of the following standard which 
has stood for more than six years with- 
out revision: 


Standard Method of Testing: 
Truss Assemblies (E 73 — 52). 


TENTATIVE CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuation without revision of the Ten- 
tative Method of Test for Bond Strength 
of Mortar to Masonry Units (E 149 - 
59 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.” 

2 The letter ballot vote on these recommenda- 


tions was favorable; the results of the ballot are 
on record at ASTM Headquarters. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Segments of Wall, 
Floor and Roof Construction (J. A. Liska, 
chairman).—A task group is preparing a 
clarification of Methods E 72 and re- 
placing some of the illustrations with 
line drawings. The subcommittee made 
recommendations to the main committee 
regarding the development of per- 
formance criteria. 

Subcommittee II on Durability (E. C. 
Shuman, chairman) is proceeding with 
the development of a recommended 
practice on durability of structures as 
affected by weathering with the scope 
to be limited to durability of a structure 
without considering individual materials. 

Subcommittee III on Sound Trans- 
mission (R. K. Cook, chairman) is 
anticipating the completion of a revision 
of Recommended Practice E 90 by late 
spring 1961 and is considering the addi- 
tion of information in an Appendix on 
classifying building elements. 

Subcommitiee VI on Completed Struc- 
tures (W. R. Schriever, chairman) is 
balloting on loading tests for floors and 
flat roofs for publication as tentative. 

Subcommittee VII on Vapor Barriers 
Beneath Concrete Slabs on the Ground 


(L. M. Wood, chairman) is accumulating 
data on the experience of users of E 154, 
Tentative Methods of Testing Materials 
for Use as Vapor Barriers under Con- 
crete Slabs and as Ground Cover in 
Crawl Spaces. 

Subcommittee VIII on Windows (L. M. 
Dunn, chairman) has established liaison 
with other ASTM committees having 
fields of mutual interest. A proposed 
standard on air leakage is being reviewed 
by the subcommittee. 

Subcommitiee IX on Curtain Walls 
(R. A. Biggs, chairman) held its first 
meeting on Nov. 15, 1960 and established 
four task forces on definitions, infiltra- 
tion, strength, and durability. 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 78 voting members; 63 members 
returned their ballots, all of whom voted 
affirmatively. 


Respectfully submitted on behalf of 
the committee, 
R. F. LEcceEt, 
Chairman. 
J. P. THompson, 
Secretary. 


Epiror1aL NoTE 


Subsequent to the Annual Meeting, Committee E-6 presented to the Society through the 
Administrative Committee on Standards the recommendation that the Recommended 
Practice for Laboratory Measurement of Airborne-Sound Transmission Loss of Building 
Floors and Walls (E 90 — 55) be revised and reverted to tentative. This recommendation 
was accepted by the Standards Committee on September 12, 1961, and the revised tenta- 
tive recommended practice appears in the 1961 Book of ASTM Standards, Part 5. 


» o% 


| 


Committee E-9 on Fatigue held two 
meetings during the year: on June 28, 
1960, at Atlantic City, N. J., and on Jan. 
30, 1961, at Cincinnati, Ohio. 

During the year, three members were 
elected to the main E-9 Committee. The 
committee lost one of its most active 
members in the passing of John M. Les- 
sells who had been a member of Commit- 
tee E-9 since its inception. He had played 
an important part in guidance of the com- 
mittee and encouragement of its members 
until his death. 

The officers elected at the June 1960 
meeting for the ensuing term of two years 
are as follow: 

Chairman, H. J. Grover. oa 

Vice-Chairman, F. B. Stulen. 

Secretary, R. F. Brodrick. 

Assistant Secretary, S. M. Marco. 

The committee gratefully acknowl- 
edges the many years of faithful leader- 
ship of R. E. Peterson, retiring chairman, 
and O. J. Horger, retiring secretary. 

As in the past, the latter portion of 
each main meeting of Committee E-9 
has been devoted to an informal presenta- 
tion of a timely fatigue topic. Since these 
presentations are not published, the 
topics are recorded in this report: at 
the Atlantic City meeting, J. C. Gross- 
kreutz of Midwest Research Inst. spoke 
on “The Mechanism of Fatigue Crack 
Propagation in Aluminum Single Crys- 
tals,” and at the Cincinnati meeting, B. 
H. Schofield of Lessells and Associates, 
Inc. spoke on “Acoustic Emission Under 
Applied Stress.” 


ON 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Research (G. M. 
Sinclair, chairman) —Upon the resigna- 
tion of T. J. Dolan, the subcommittee was 
reconstituted under the chairmanship of 
G. M. Sinclair. The group will continue 
to carry on discussions and sponsor ses- 
sions on the continually expanding re- 
search activities in the field of fatigue. 

Subcommitiee II on Papers (D. G. 
Richards, chairman) .—Papers have been 
reviewed for two sessions on fatigue at 
the 1961 Annual Meeting. 

Subcommitiee III on Survey (W. S. 
Hyler, chairman) is continuing the prep- 
aration of annual lists of references. In 
addition, progress is being made on the 
cross-indexing of all references listed in 
the STP No. 9 series. Consideration is 
being given to a new survey of current 
projects in fatigue. 

Subcommittee IV on Apparatus and 
Test Methods (H. R. Neifert, chairman). 
—Following presentation of the Sympo- 
sium on Large Machines, and the resig- 
nation of J. F. Millan, the Subcommittee 
on Large Machines and Test Correlation 
was terminated. A new Subcommittee 
IV, designated “Apparatus and Test 
Methods,” was formed under the chair- 
manship of H. R. Neifert. Activities of 
the new subcommittee will encompass 
fatigue testing machines as well as de- 
tailed test procedures, including speci- 
men preparation, etc. 

Subcommitiee V on Aircraft Structures 
(H. F. Hardrath, chairman) is preparing 
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to form task groups on elevated tempera- 
ture problems, low-cycle fatigue and 
residual static strength, full-scale tests, 
and helicopter problems. Sessions on low- 
cycle fatigue are being developed for 
presentation at the West Coast meet- 
ing in 1962. It is expected that three 
sessions will be held. 

Subcommitiee VI on Statistical Aspects 
of Fatigue (G. R. Gohn, chairman) held 
its organizational meeting in Cincinnati, 
Ohio. The major initial task concerns the 
proposed changes in STP No. 91-A, the 
Tentative Guide for Fatigue Testing and 
the Statistical Analysis of Fatigue Data. 


Questions regarding definitions will also 
be handled by this subcommittee. 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 58 members;45 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of the 
committee, 
J. Grover, 


| Secretary. 
| 
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RADIOISOTOPES AND 


Committee E-10 on Radioisotopes and 
Radiation Effects held two meetings 
during the year: on June 30, 1960, in 
Atlantic City, N. J., and on Feb. 1, 
1961, in Cincinnati, Ohio. 

The committee consists of 137 ASTM 
members plus 63 consultants and ap- 
pointed task force specialists. 

Robert S. Shane was appointed 
chairman of a Space Radiation Study 
Group. This group has met three times 
during the year to determine the proper 
course of Committee E-10 regarding 
activities in the space-radiation field. 
This group gave a report on this subject 
at the 1961 Committee Week Meeting in 
Cincinnati. As a result of the interest 
stimulated, Committee E-10 will sponsor 
a panel discussion on “Space Radiation 
and Its Effects on Materials” at the 
1961 Annual Meeting in Atlantic City. 

Subcommittee I on Health and Safety 
was abolished and replaced by Sub- 
committee I on Education and In- 
formation, whose scope and objectives 
are: publicity and education, establish- 
ment of a speakers bureau, and liaison 
with ASTM and related other groups. 

Subcommittee V on Dosimetry was 
formed with James B. Trice as chair- 
man. The scope of this subcommittee is 
as follows: 


The Subcommittee on Dosimetry shall 
provide advice and counsel to other ASTM 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 
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committees concerning all matters of dosi- 
metry of materials that are subject to ion- 
izing radiation from any source. It will also 
write ASTM standard methods of dosimetry 
to encompass all exposures to ionizing radi- 
ation. 


J. V. Alger was appointed chairman of 
Subcommittee II on Radiation-Induced 
Changes in Materials. R. R. Quinn was 
appointed Assistant Secretary of Com- 
mittee E-10. 

Membership on the Advisory Sub- 
committee was redefined and limited to 
committee officers, past chairmen, and 
subcommittee chairmen. Scopes and 
memberships of each committee were 
evaluated and a committee manual is 
now being prepared. 

The committee regretted receiving 
the resignation of George C. Manov 
because of his change of professional 
affiliation. Mr. Manov was instrumental 
in establishing Committee E-10 and was 
its first chairman. 

New TENTATIVES 

The committee recommends for pub- 
lication as tentative the following 
methods and recommended practices as 
appended hereto: 


Tentative Methods for: 

General Methods for Analysis of Radioisotopes,' 
and 

Analysis of Phosphorus-32.! 


1The new tentative methods appear in the 
1961 Book of ‘ASTM Standards, Parts 3.7 and 


Tentative Recommended Practices for: 


Determining Changes in the Chemical Re- 
activity of Inorganic Materials Exposed to 
High Energy Radiation,? 

Effect of High-Energy Radiation on the Tensile 
and Impact Properties of Metallic Materials,’ 
and 

Surveillance Tests on Structural Materials in 
Nuclear Reactors.* 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee II on Radiation In- 
duced Changes in Material (J. V. Alger, 
chairman) has had several task force 
meetings during the year and will 
sponsor a symposium on “Radiation 
Effects in Refractory Fuel Compounds’® 
at the June, 1961, Annual Meeting. This 
symposium will be followed by another 
at the October, 1962, ASTM Meeting 
in Los Angeles on ‘‘Non-Fuel Structural 
Materials.” This subcommittee is pre- 

2The new tentative recommended practice 
appears in the 1961 Book of ASTM Standards, 
Parts 3 and 4. 

*The new tentative recommended practices 
appear in the 1961 Book of ASTM Standards, 
Part 3. 

* The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 


on record at ASTM Headquarters. 
5 Published as ASTM STP No. 306. 
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paring several tentatives, three of which 
are currently out for ballot. 

Subcommitiee III on Tracer A pplica- 
tions (John L. Kuranz, chairman) has 
prepared two tentatives which are out 
for ballot and is currently preparing 
others. Three of its earlier proposed 
tentatives were withdrawn pending 
clarification with other ASTM com- 
mittees. W. S. Lyons has been appointed 
vice-chairman. 

Subcommittee V on Dosimetry (James 
B. Trice, chairman) currently has three 
tentatives out for ballot on cesium, 
nickel, and measuring neutron-flux en- 
vironments which are expected to be 
ready for Committee E-10 ballot vote 
sometime during this year. The sub- 
committee currently has several other 
tentatives under development. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 137 members; 71 members 
have returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
E. B. ASHCRAFT, 
Chairman. 
O. KENTON NEVILLE, 
Secretary. 


Committee E-11 on Quality Control of 
Materials held one meeting during the 
year: on November 10, 1960, at Society 
Headquarters in Philadelphia. The 
Advisory Committee met on November 
9, 1960 in Philadelphia, and on February 
23, 1961 in New York City. 

The committee’s activities, other than 
the preparation of the standards re- 
ferred to below, have been concerned 
with the preparation of a manual on 
fitting straight lines which is being 
recommended for publication as a Special 
Technical Publication. Work continues 
on the development of a manual on 
planning and conducting interlabora- 
tory test programs. Consideration is 
being given to a possible reorganization 
of the committee structure so as to deal 
more effectively with the problems of the 
Society in the field of applied statistics. 

A new task group to handle editorial 
reviews of documents that have been 
approved for publication has been or- 
ganized with Paul S. Olmstead as 
chairman. 


New TENTATIVES 


The committee recommends for pub- 
lication as tentative the following 
recommended practices as appended 
hereto:! 


Tentative Recommended Practices for: 


Use of the Terms Precision and Accuracy as 


* Sixty-fourth Annual Meeting of the So- 
June 55-08, 1961. 
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Applied to Measurement of a Property of 
Material, and 

Dealing with Outlying Observations. 


ADOPTION OF TENTATIVE AS STANDARD 
WitHovut REvIsION 


The committee recommends that the 
Tentative Recommended Practice for 
the Acceptance of Evidence Based on 
the Results of Probability Sampling 
(E 141 59 T)* be approved for reference 
to letter ballot of the Society for adop- 
tion as standard without revision. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


This report has been submitted to 
letter ballot of the committee - which 
consists of 26 members; 26 members re- 
turned their ballots, of whom 24 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
Smon COLLIER, 
Chairman. 
D. H. W. ALLAN, 
Secretary. 


1 The new tentatives appear in the 1961 Book 
of ASTM Standards, Parts 3, 4, 5, 6, 7, 8, 9, 10, 
and 11. 

2 1959 Supplement to Book of ASTM Stand- 
ards, Parts 3 to 10. 

3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are on 
ASTM Headquarters. 


EPORT OF COMMITTEE 
— 
648 


Committee E-12 on Appearance met 
twice in the past year: at Atlantic City, 
N. J., on June 30 during the Annual 
Meeting of the Society and again at 
Cincinnati, Ohio, on February 2 and 3, 
1961 during ASTM Committee Week. 

In contrast to the programs in previous 
years of symposia on selected subjects in 
this field, the past 12 months were de- 
voted to work on a variety of projects. 
These will later be prepared for recog- 
nition via symposium or publication. 

Task Group 1 on Manual on Appear- 
ance (I. Nimeroff, chairman) has made 
substantial progress towards its objective 
of preparing a manual concerned with 
the aims, procedures, terminology, and 
uses of appearance measurements. After 
several years of shaping this project, 
enough of its form and content is suffi- 
ciently evident to have already attracted 
inquiry from other technical societies 
with related interest. 

Task Group 4 on Standards for Alumi- 
num Finishes continues its research in 
preparing standard procedures for meas- 
urement of color and gloss of variously 
treated and unfinished aluminum sur- 
faces. This was recognized as a “Her- 
culean Task” by editors of the English 
publication Metal Industry. A number of 
publications will result from this work 
and one has been selected for presenta- 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 


REPORT OF COMMITTEE E-12 

ON 

APPEARANCE* 


tion at a technical symposium in England 
next September. Recognized by this 
group for authoritative treatment of the 
fundamentals involved in this work, D. 
B. Judd’s paper on “A Five Attribute 
System of Describing Visual Appear- 
ance” was revised by the author for 
publication." 

Task Group 5 on Typewriter Ribbon 
and Carbon Paper (W. E. Grady, chair- 
man) continues its extensive efforts to 
measure and standardize the performance 
of typewriter ribbon and carbon paper 
and is solving a variety of stubborn, 
long-standing research problems. Ex- 
perts in various fields of appearance-test 
methodology have been attracted to this 
project. This cooperative program is an 
excellent example of what can be ac- 
complished under Committee E-12 spon- 
sorship. 

New approaches are being taken to 
identify problem areas to improve meth- 
ods of pictorial representation in stand- 
ards as well as in technical publications, 
of all types. 

Subcommittee III on Pictorial Repre- 
sentation (J. M. Hemphill, chairman) is 
recruiting personnel with demonstrated 
talent, primarily industrial photogra- 
phers adept at morphological analyses. 
These individuals should contribute new 
ideas in representing appearance proper- 
ties. 


1 This paper has been published as ASTM 
STP 297. 


ia 


The services of a representative of the 
technical literature field, R. J. Fabian, 
will serve as chairman of Subcommittee I 
of Intercommittee Relations. He will 
vitalize the relations with technical com- 
mittees by identifying their problems 
which are of real industrial significance. 
His effort should generate appropriate 
publicity within and outside the society 
to bring to our attention problems worth 
solving, and solutions worth publicizing. 


New TENTATIVE 


The committee recommends for publi- 
cation as tentative the Recommended 
Practice for Selection of Geometric Con- 
ditions for Measurement of Reflectance 
and Transmittance as appended hereto? 


STANDARDS CONTINUED 
WitHout REVISION 


The committee recommends the con- 
tinuation without revision of the Stand- 
ard Method of Test for 45-deg, 0-deg 


2 The new tentative appears in the 1961 Book 
of ASTM Standards, Parts 6, 8, and 9. 
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Directional Reflectance of Opaque Speci- 
mens by Filter Photometry (E 97 — 55). 


TENTATIVES CONTINUED 
WitHovut REVISION 


The committee recommends the con- 
tinuation without revision of the follow- 
ing tentatives: 


Tentative Recommended Practice for: 


Goniophotometry of Transmitting Objects and 
Materials (E 166 - 60 T), and 

Goniophotometry of Reflecting Objects and Ma- 
terials (E 167 - 60 T). 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 60 members;55 members re- 
turned their ballots, of whom 50 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


G. W. INGLE, 

Chairman. 
S. H. Petry, 
Secretary. 
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Committee E-13 on Absorption Spec- 
troscopy and most of its subcommittees 


met twice during the year: in New 
York City on Nov. 2 and 3, 1960, in 
conjunction with the Eastern Analytical 
Symposium, and on Feb. 26 and 27, 
1961, with the Pittsburgh Conference on 
Analytical Chemistry and Applied Spec- 
troscopy. 

A summary of the activities, accom- 
plishments, and unsolved problems of 
the committee and its subcommittees 
was published during the year.’ 

Committee E-13 plans to meet again 
with the Eastern Analytical Symposium 
in New York in November, 1961, and 
with the Pittsburgh Conference in 
March, 1962. 

New Title and Scope-——The committee 
plans to recommend to the Board of 
Directors the following new title and 
scope to represent better the field of 
activity. The field includes some areas 
not strictly absorption spectroscopy, 
such as molecular fluorescence. The 
presentation of these changes will 
await the completion of corresponding 
changes in the title and scope of Com- 
mittee E-2 on Emission Spectroscopy. 


Title—Committee E-13 on Molecular 
Spectroscopy. 


* Sixty-fourth Annual 
June 25-30, 1961. 
1R. F. Robey, “Ten Years of Aid to Applied 
Absorption Spectroscopy,” Applied Spectros- 
copy. August, 1960, pp. 103-106. 


Meeting of the 


ON 
ABSORPTION SPECTROSCOPY* 


Scope-——The advancement of the field of 
molecular spectroscopy involving absorp- 
tion, fluorescence, scattering, or polarization 
of radiant energy, by promoting exchange 
of information, by sponsoring meetings and 
symposia for presentation of papers, by 
standardizing nomenclature relating to mo- 
lecular spectroscopy, and by coordinating 
and formulating scientific practices and 
methods of analysis. 


PROPOSED METHOD TO BE PUBLISHED 
AS INFORMATION 


The committee recommends for pub- 
lication as information only the Pro- 
posed Recommended Practices for Iden- 
tification of Materials by Absorption 
Spectroscopy Using the Wyandotte- 
ASTM (Kuentzel) Punched Card Index, 
as appended hereto? This method, 
recommended to the committee by Sub- 
committee II on Methods, describes 
the use of the Wyandotte- ASTM 
(Kuentzel) Punched-Card Index of Ab- 
sorption Spectral Data*® maintained by 
Subcommittee III on Standard Data. 


REVISION OF TENTATIVE 


The committee recommends revision 
as follows of the Tentative Definitions 
of Terms and Symbols Relating to 
Absorption Spectroscopy (E 131-59 
T)* and continuation of the definitions 

2See p. 653. 

%The Card Index may be purchased from 
ASTM Headquarters. 

41959 Supplement to Book of ASTM Stand- 
ards, Part 7. 
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as tentative. The revisions were pre- 
pared by Subcommittee IV on Nomen- 
clature. 

New Definitions—Add the following 
new definitions in their proper alpha- 
betical sequence: 


Baseline.—Any line drawn on an absorption 
spectrum to establish a reference point repre- 
senting a function of the radiant power inci- 
dent on a sample at a given wavelength. 

Derivative Absorption Spectrum.—A plot of 
rate of change of absorbance or of any func- 
tion of absorbance with respect to wavelength 
or any function of wavelength, against wave- 
length or any function of wavelength. 

Difference Absorption Spectrum.—A plot of 
the difference between two absorbances or 
between any function of two absorbances, 
against wavelength or any function of wave- 
length. 

Radiant Energy.—Energy transmitted as elec- 
tromagnetic waves. 


Spectral Band Width.—The wavelength or 


frequency interval of the radiation leaving 
the exit slit of a monochromator between 
limits set at a radiant power level half way 
between the continuous background and the 
peak of an emission line or an absorption 
band of negligible intrinsic width. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 89 members; 72 members 
returned their ballots, of whom 60 
have voted affirmatively and 1 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 


E. J. RosenBAvm, 
Chairman. 


R. F. Rosey, 
Secretary. 
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PROPOSED RECOMMENDED PRACTICES FOR IDENTIFICATION OF 


MATERIALS BY ABSORPTION SPECTROSCOPY, USING THE 
~WYANDOTTE-ASTM (KUENTZEL) PUNCHED CARD INDEX! 


Scope 

1. (a) These recommended practices 
describe procedures for identification of 
individual chemical substances using in- 
frared (including near-infrared and far- 
infrared), visible, or ultraviolet absorp- 
tion spectroscopy, and card indexes of 
spectral data. Use of absorption spectro- 
scopy for qualitative analysis has been 
described by many (1 to5),® but the rapid 
matching of the spectrogram of a sample 
with spectral data in the literature by use 
of a card index system designed for 
machine sorting was contributed by 
Kuentzel (6). It is on Kuentzel’s system 
that the Wyandotte - ASTM indexes of 
absorption spectral data are based. 

(b) Use of these recommended practices 
requires, in addition to a recording spec- 
trometer and access to published spectral 
data, an appropriate deck of the Wyan- 
dotte - ASTM punched cards‘ and a suit- 
able sorter. 

1This proposed recommended practice is 
under the jurisdiction of the ASTM Committee 
E-13 on Absorption Spectroscopy. 

2 Published as information only, June, 1961. 

* The boldface numbers in parentheses refer 
to the list of references appended to these 
recommended practices. 

*The Wyandotte- ASTM Punched-Card 
Index of Spectral Absorption Data may be 
purchased as a whole, or by section or spectral 
region, from the American Society for Testing 
Materials, 1916 Race St., Philadelphia 3, Pa. 
The Society furnishes purchase information 
upon request. A “Book of Codes and Instruc- 


tions for Wyandotte- ASTM Punched Cards 
Indexing Spectral Absorption Data” is fur- 


This is a proposed recommended practice and is published as information 
only. Comments are solicited and 


American Society for Testing Materials, 1916 Race St., Philadelphia 3, a Re . 


should be addressed to the Ba 


Summary of Method 


2. A representative sample of the ma- 
terial to be analyzed is separated into its 
individual components, if required, and 
each component is introduced into a suit- 
able sample cell or matrix, mainly accord- 
ing to its physical state. The spectrogram 
is recorded with a double-beam infrared 
or ultraviolet spectrophotometer over a 
conventional range of the spectrum. The 
first choice of spectral range and instru- 
ment is dictated by a general considera- 
tion of the chemical nature of the sample 
(3). A note is made of the spectral posi- 
tions of prominent absorption bands and 
of any previous knowledge of the chem- 
ical and physical properties of the ma- 
terial. The qualitative chemical com- 
position of the material may then be 
determined by machine sorting of the 
appropriate decks of a coded card index‘ 
to isolate the card or cards for the chemi- 
cal compound or compounds having 
matching characteristics. Details on 
preparation of suitable spectrograms 
and on the card index, codes, and sort- 
ing procedures are available in a book of 
codes and instructions.‘ 


nished without charge to purchasers of the 
index cards. The book of codes and instructions 
and unpunched index cards are available 
separately at nominal prices. 

5 Sorting operations require use of a standard 
Type 82, 80-1, 80-2, or 101 sorters. Sorters are 
available on a rental or purchase basis from 
International Business Machines, Inc. (IBM). 


Apparatus 

3. One, and sometimes both, of the fol- 
lowing spectrophotometers will be re- 
quired, depending upon the chemical 
nature of the sample: 

(a) Infrared Spectrophotometer.—A re- 
cording double-beam instrument is much 
to be preferred, operating with about 
“Condition C” spectral resolution and 
0.05-4 wavelength accuracy over the 
spectral range 2 to 15 u as determined in 
accordance with the Proposed Methods 
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gions. Recording spectrophotometers 
that operate only in ultraviolet and visi- 
ble ranges, or exclusively in the visible 
range, and meet the above requirements, 
are limited in applicability but quite per- 
missible. 

(c) Spectrophotometric Accessories.— 
The type of accessories needed depends 
upon the physical state of the sample and 
the technique used as described i in ~ 

(d) Card Sorter® 


CHEMICAL CLASSIFICATION 
{SEE CODE CHART) 


INFRAREO ABSORPTIONS 


WUMBER LOENTIFICATION 


TO O1 MICRON 
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INFRARED SPECTRAL ABSORPTION DATA 
DISTRIBUTED BY WAS PREPARED BY 
AMERICAN SOCIETY FOR TESTING MATERIALS WYANDOTTE CHEMICALS CORPORATION 
1996 MACE STREET UNOER SPONSORSHIP OF AST 
PHILADELPHIA 3, PENNSYLVANIA AND IN COOPERATION WITH 
OmmMITTEE 
tam 63653! COPYRIGHT 1955 BY THE AMERICAN SOCIETY FOR TESTING MATERIALS, PHILADELPHIA, PA 
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Fic. 1.—IBM Punched Card for Wyandotte - ASTM Index to Infrared Spectral Absorption Data 


for Evaluation of Spectrophotometers.® 
The range up to 36 yu (far-infrared) can be 
attained by modification of the ordinary 
instrument or by special instruments of- 
fered by the manufacturers. 

(b) Ultraviolet Spectrophotometer.—A 
recording double-beam instrument is 
much preferred, operating with about 
“Condition C” spectral resolution and 1 
to 5-my wavelength accuracy over the 
spectral range 200 to 2700 my, as deter- 
mined in accordance with the Proposed 
Methods for Evaluation of Spectropho- 
tometers.® This spectral range covers the 
ultraviolet, visible, and near-infrared re- 


Proceedings, Am. Soc. 
Vol. 58, p. 472 (1958). 


Testing Mats., 


Card Index 


4. (a) Although IBM (International 
Business Machine) cards and sorters are 
quite commonplace, the spectroscopist 
may be faced with the necessity of be- 
coming more familiar with such tools in 
order to make use of the many advan- 
tages. The techniques are simple and the 
equipment inexpensive when one con- 
siders the results that can be achieved. 

(6) An IBM card is 3.25 by 7.375 in. in 
size and, as shown in Fig. 1, contains 
eighty vertical columns of numbers from 
0 through 9. These numbers mark the 
positions where small rectangular holes 
are punched into the cards to record 
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Pee 
coded data. In card sorting operations, 
the simplest IBM sorters operate upon 
one column at a time. As the cards pass 
over a metal cylinder, a small metal 
brush makes electrical contact with the 
cylinder through the holes in the cards. 
This causes the card to be shunted into a 
pocket corresponding to the numbered 
position in the card at which a punch 
occurs. Thus the machine isolates all 
cards having the same code punches. 


“TABLE I.—_SPECTRAL REGIONS 
COVERED BY INDEX CARDS. 


2.—Matching of Spectral Data 
Machine Sorting of Spectral ares Cards. 


Spectral Data Index — 

Deck Spectral Range — 
in Deck* 
Far-infrared....... 11 to 364 450 
Regular infrared....| 2 to 16 yu 34 000 
Near-infrared...... 0.7 to 3.44 1 800 

(700 to 3400 

my) 

350 to 845 mu 1 300 
Ultraviolet........ 200 to 420 my | 13 000 


* As of February, 1961. 
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Fig. 2 is a photograph of an IBM card- 
sorting machine in operation on a deck of 
punched cards indexing spectral absorp- 
tion data. This operation may be at- 
tended by a laboratory technician or an 
IBM-machine operator, preferably under 
supervision of a spectroscopist. 

(c) The card index* comprises decks of 
different cards because the character of 
the data and some of the codes vary 
somewhat according to the spectral re- 


Substance 


gion. The spectral regions covered by 
individual decks of cards are as given in 
Table I. The decks are designed to cover 
all suitable spectral data, and supple- 
mentary and revised cards are scheduled’ 
for issuance as fast as data are published. 
Included in the present index are cards 

7 Gathering and coding of spectral data from 
the literature and from readily available or- 
ganizational and commercial files is the re- 
sponsibility of the Subcommittee on Standard 
Data of the ASTM Committee E-13 on Ab- 


sorption Spectroscopy. Card punching and 
distribution are administered by the ASTM 


| 


for such collections of spectra as are indi- 
cated in Table II for the infrared range. 
In all ranges, the card index represents a 
very good coverage of available spectral 
data. Although it does not cover every 
chemical compound that might be en- 
countered, use of the index in the manner 
described will sometimes point to closely 
related chemical substances. Spectral and 
other data obtained on chemical sub- 
stances in the user’s own laboratory may 
be coded into the system by punching the 
data into the index or extra cards. 

In addition to the spectral data of in- 
dividual chemical substances coded into 
these cards, there are common codes for 
chemical structure classification, empiri- 
cal formula, melting or boiling points, 
and serial number references. Other 
codes, which vary, include data on sol- 
vents, spectral peak intensities, and num- 
bers of peaks. For a given chemical sub- 
stance the pattern of holes in the card, 
corresponding to coded spectral data, is 
almost invariably unique as is the pattern 
for coded chemical structure and physical 
properties. All cards may be searched by 
machine in any desired combination (1) 
to locate a standard spectrum similar to 
that of a sample of unknown composi- 
tion, (2) to correlate type of structure 
with absorption band positions, (3) to 
locate spectra of compounds having given 
structural features in common, and (4) in 
many other ways that are too numerous 
to include here but become evident upon 
study of the codes and instructions. 

(d) Empirical formula—name cards 
comprise other decks for use in conjunc- 
tion with those listed above. These cards 
carry the empirical formulas, chemical 
names, and reference serial numbers for 
the compounds included in the card in- 
dexes as described in Paragraph (c). This 
information is also printed across the top 
of the card. The cards do not require a 
sorting machine and their purpose is 
largely twofold: (1) When arranged in 


numerical order of the serial number the 
cards provide direct correlation between 
spectrum serial number and name of 
compound, and (2) when arranged in 
numerical order of the empirical for- 
mulas the cards provide direct correlation 
between name or formula of a compound 
and its published spectrum. Thus, to 
identify a compound it is not always 
necessary to procure all the catalogs of 
spectrograms (for example, those listed 

TABLE II—CATALOGS OF  SPEC- 
TROGRAMS COVERED BY WYANDOTTE- 


ASTM PUNCHED CARDS INDEXING 
INFRARED ABSORPTION DATA. 


. API Research Project 44¢ 

. User’s own file of spectrograms? 

. Sadtler catalog of spectrograms® 

. NRC-NBS file of spectrograms* 

. Literature* 

. Documentation of Molecular Spectroscopy’ 

. Coblentz Society Spectrograms* 

. Manufacturing Chemists Association?’ 
Infrared Data Committee of Japan’ 


* American Petroleum Institute, Research 
Project 44, “Infrared and Ultraviolet Spectral 
Data,” Carnegie Institute of Technology, 
Chemical and Petroleum Research Laboratory, 
Pittsburgh 13, Pa., 1943 to date. Looseleaf. 

>’ Users are encouraged to submit spectro- 
grams (or the pure compound in some cases) 
to one of the other organizations listed. It is 
unlikely that any individual laboratory can 
code its spectral data and punch cards at the 
cost of the Wyandotte-ASTM cards (about 
one cent each). 

¢ The Sadtler Research Laboratories, “‘Stand- 
ard and Commercial Spectra,’ Philadelphia 2, 
Pa. Looseleaf. The Sadtler organization also 
offers a ‘“‘Spec-Finder’’ book method of match- 
ing spectrograms with those in its catalog. 

4 National Research Council-NBS Commit- 
tee on “Spectral Absorption Data,” National 
Bureau of Standards, Washington 25, D.C. 
Card file. 

¢ Numerical list furnished without charge 
by ASTM Headquarters to subscribers of the 
card Index. 

‘ “The DMS System,” Butterworth Scientific 
Publications, London WC2. Distributed in 
U. S. by Spex Industries, Inc., Scotch Plains, 
N. J. Card file. 

* Manufacturing Chemists Association, Inc., 
1825 Connecticut Ave., N. W., Washington 9, 
D. C. Looseleaf. 

‘Infrared Data Committee of Japan, Sanyo 
Shuppan Doeki Co., Inc., Hoyu Bldg., 8, 2- 
chome, Takara-cho, Chuo-ku, Tokyo, Japan. 


Card file. ia 
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in Table II); however, it is desirable to 
have as many as feasible on hand for de- 
tailed comparison and study, because 
positive identification depends upon 
matching the spectrum with one from 
published material or with one obtained 
on a bona fide sample of the compound. 
A definite convenience is offered by use of 
numerical and alphabetical lists of the 
spectrograms in available catalogs. Most 
publishers of catalogs of spectra supply, 
at a nominal price, numerical lists in 
printed form that readily serve the same 
purpose as the numerically arranged 
formula-name cards and some provide 
alphabetical or formula lists which assist 
in the purpose of the alphabetically ar- 
ranged formula-name cards, but the for- 
mula-name cards are a most complete, 
single index to the published spectra. 

(e) The book of codes and instructions‘ 
that accompanies the card index de- 
scribes the codes used in indexing absorp- 
tion data in each spectral range and the 
details of sorting techniques. 


Sample Preparation 


5. (a) These recommended practices 
are most suitable for use with single 
chemical compounds and simple mix- 
tures. Complex mixtures should usually 
be separated into individual components 
by extraction, distillation, chromatogra- 
phy, or other well-known techniques 
prior to the use of infrared or ultraviolet 
spectrophotometry to identify the indi- 
vidual components. Recommended prac- 
tices in infrared and ultraviolet spectro- 
photometry are covered in the Recom- 
mended Practicesfor General Techniques 
of Infrared Quantitative Analysis 
(ASTM Designation: E 168)* and the 
Recommended Practices for General 
Techniques of Ultraviolet Quantitative 
Analysis (ASTM Designation: E 169). 

(b) Infrared Spectrophotometric Tech- 
nique: 

$1960 Supplement to Book of ASTM 
Standards, Part 7. 


i 
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(1) Gaseous material most com- 
monly requires a 5 or 10-cm sample cell 
equipped with standard sodium chloride 
(NaCl) window material. A vacuum 
pump and gas-handling system for drying 
the sample and for introducing it into the 
sample cell at a known pressure are also 
required. 

(2) Liquids are examined most often 
undiluted in a fixed-thickness cell. Thick- 
ness of 0.05 to 0.1 mm is recommended 
for nonpolar materials such as aliphatic 
hydrocarbons and 0.01 to 0.025 mm for 
materials containing aromaticity, unsat- 
uration, oxygen, nitrogen, halogen, etc. 
A variable thickness cell is ideal for quali- 
tative work. The common cell-window 
material is again sodium chloride; potas- 
sium bromide (KBr) is most often used 
for long wavelength work to 25 yu. 

(3) Most solids are amenable to the 
following potassium bromide pellet tech- 
nique (7,8). One part of the sample is 
ground with 200 parts by weight of spec- 
trophotometric grade potassium bromide 
in an atmosphere of dry nitrogen. The 
finely powdered mixture is inserted in a 
special die and pelletized with a hydraulic 
press. The pressure produces a transpar- 
ent or translucent disk that is supported 
in an available accessory. The optimum 
thickness of the disk for the above mix- 
ture is 0.5 mm as measured by a mi- 
crometer. Other techniques of preparing 
solids include mulling in USP grade 
mineral oil® or perfluorocarbon oil, melted 
or pressed film, and solution in carbon 
disulfide and symmetrical carbon halides. 
These techniques and the use of spectro- 
photometric accessories are described in 
the literature of the instrument manu- 
facturer.’° 


® Nujol brand mineral oil has been found 
satisfactory for this purpose. 

An example of such literature is the 
“Instruction Manual, Vol. 2, Infrared Sampling 
and Techniques,” The Perkin-Elmer Corp., 
Norwalk, Conn. Other instrument manu- 
facturers furnish equivalent manuals. 


@ 
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(c) Ultraviolet Spectrophotometric Tech- 
nique: 

(1) Most work in the ultraviolet and 
visible ranges can be done with a 
matched pair of silica cells having 1.0-cm 
optical path. One cell contains a solution 
of the sample, most often with spectro- 
photometric grade isooctane or alcohol as 
solvent, depending upon the solubility of 
the sample. The other cell contains the 
pure solvent as reference. It is suggested 
that 10 ml of an initial solution should 
contain 0.1 g of sample with subsequent 
solutions being made by successive ten- 
fold dilutions to the extent required to 
attain optimum absorbance as described 
in Section 7. 

(2) In the near-infrared spectral 
range, liquid samples are often examined 
undiluted in cells of 10, 1, and 0.1-cm 
optical paths. The cell windows are 
quartz. Matching cells may also be used 
for solutions containing an appropriate 
concentration of sample in spectrophoto- 
metric grade carbon tetrachloride (Cau- 
tion, Note 1) with the pure carbon tetra- 
chloride as the reference material. 


Nore 1: Caution.—Vapors of carbon tetra- 
chloride are toxic; use hood for sample prepara- 
tion. 


Procedure for Infrared, Near-Infrared, 
and Far-Infrared Technique 


6. (a) Record the spectrogram of the 
material in such a thickness and concen- 
tration that the peak of the strongest 
absorption band lies between 1 and 20 per 
cent transmittance or the corresponding 
absorbance, if at all feasible. 

(6) Note the spectral positions of the 
prominent absorption bands to the near- 
est 0.1 u for the infrared and far-infrared, 
and 0.01 yu (100 my) for the near-infrared, 
as shown in the book of codes and in- 
structions.‘ Recall any other characteris- 
tics of the material, such as elemental 
composition, an unusual functional group 


or physical property, that are known 
without doubt and are covered by the 
codes in the card index. 

(c) Allowing for errors of 0.1 and 0.01 yu 
in the location of infrared and near- 
infrared bands, or a spread of 0.3 and 
0.03 yu, respectively, sort the appropriate 
deck of index cards according to the di- 
rections in the book of codes and in- 
structions. 

(d) Follow instructions in the manual 
with respect to “negative sorting,” sort- 
ing systematically by working from the 
long wavelength region toward the short 
or from the known characteristics of the 
compound, “presorting,” etc. (See the 
supplementary discussion in the Appen- 
dix.) This will speed the isolation of the 
card or cards corresponding to the com- 
pound or compounds, if such a card exists 
in the index deck. Note the reference 
serial number or numbers of the card or 
cards isolated.‘ 

(e) From the reference serial number 
tentatively identify the compound or 
compounds in the empirical formula - 
name deck. Locate the corresponding 
spectrogram in the literature or catalog 
of spectrograms; otherwise, record the 
spectrogram of a bona fide sample for 
matching. 


Procedure for Visible and Ultraviolet 
Technique 


7. (a) Record spectrograms of the ma- 
terial in original solution and at several 
successive ten-fold dilutions until the 
peak of the strongest absorption band lies 
below an absorbance level of 2.0. 

(b) Note the spectral position of the 
promirient absorption bands on all the 
spectrqzrams with a precision of 2 mu. 
Recall any other characteristics of the 
material, such as elemental composition 
or an unusual functional group, that are 
known without doubt and covered by the 
codes in the card index. 

(c) Allowing for error of 2 and 5 my in 


4 


on 


the location of ultraviolet and visible 

bands, or a spread of 6 and 15 my, re- 

spectively, sort by machine the appro- 

priate deck of index cards according to 


APPENDIX 


7 i IDENTIFICATION OF MATERIALS BY ABSORPTION SPECTROSCOPY 659 


directions in the book of codes and in- 
structions. 

(d) Proceed further as directed in Sec- 
tion 6 (d) and (e). 


SUPPLEMENTARY 


Machine sorting of the card index saves 
much time in matching spectral data with 
spectrograms for qualitative chemical identifi- 
cation and chemical structure correlation. It 
has many advantages (9) over card systems 
that require hand sorting. The advantage over 
searching individual spectrograms is tremendous. 
In an infrared spectroscopic laboratory dealing 
with a wide variety of substances, the cost of 
time saved by one or two searches per month 
can offset the cost of the infrared portion of the 
card index and machine rental in a year. 

Since cards may become lost, damaged, or 
destroyed, it is wise to purchase or reproduce 
duplicate cards (Note 2). The original cards may 
be damaged or destroyed as a result of adverse 
storage conditions, faulty handling of cards or 
operation of machinery, or ordinary wear and 
tear. Duplicate decks of formula - name cards 
may be stored in two ways for ready hand 
reference: as received in order of empirical 
formula or in order of serial number. 


Note 2.—The cards and codes are copy- 
righted by the American Society for Testing 
Materials to protect the system from deteriora- 
tion through irresponsible reproduction and 
distribution which would tend to introduce new 
errors, perpetuate old ones, and prevent proper 
revisions and additions from being made. 
However, purchasers of the Wyandotte-ASTM 
index cards are granted the right to replace 
lost or damaged cards by reproducing them for 
their own use only so far as to maintain their 
decks in working condition. IBM offices offer 
service or equipment to replace damaged cards. 


One of the primary functions of the empirical 
formula - name index cards is to implement the 
“guess and check” method of spectrogram 
identification. Since it requires only about 30 
sec to locate the reference to the spectrum of a 
compound, it is possible to check the spectra of 
a sizeable number of compounds in a short 
time. This is a recommended first approach 
where known information about the unknown 
material being analyzed would lead one to 
suspect certain compounds as_ possibilities. 


Where little is known about the material being 
analyzed, a variation of the “guess and check” 
method may be employed. This involves estab- 
lishing postulated structures for the unknown 
via application of structure-frequency correla- 
tions as treated by Bellamy (4), Jones and 
Sandorfy (10), Colthup (11), and others 
and obtaining the corresponding spectral data 
through use of the empirical formula - name 
cards for comparisons with the unknown spec- 
trum. In fact, when any of several conventional 
approaches (2) reaches the point where the 
spectrum of a given compound is desired for 
comparison with the unknown, these cards are 
useful in locating the standard data. 

With the spectral data index decks, there are 
many variations of sorting operations that help 
to reduce sorting time. For the most part these 
become apparent to users of the cards and 
have not been included in the instruction manual 
of operations. Some of these will be discussed 
briefly here. The “overpunch” or so-called “y” 
punch, which indicates very strong bands, 
lends itself to useful sorts in special cases. 
Thus, in the spectrum of an unknown mixture, a 
particularly strong band may obscure a weaker 
band of another component. A sort, first on the 
regular code for the strong band, and then a 
sort of the residue cards on the “‘y” code for the 
same region would effect the desired separation. 
In trial and error sorting for the analysis of 
mixtures, the special “y” punch can speed up 
the operation. After a first sort the second sort 
of the next band can be made more selective by 
using the “y” code and keeping the cards 
sorted out if the second band was a strong one, 
or keeping the rejected cards if the band was a 
moderately strong one. 

Occasionally the spectrum of an unknown 
displays a lack of bands in regions where most 
compounds have bands. In such cases, initia] 
sorts to eliminate all cards that do have bands 
in these positions would be effective. This would 
automatically be done in the case of mixtures 
but is not so obvious in the analysis of single 
component samples. 

Users of these cards should be reminded of 
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the flexibility and degrees of reliability built 
into the Kuentzel system. This begins with 
initial decisions as to the exact location of a 
given band. If it is sharp and well-defined, 
sorting may proceed on a single band position 
or a very narrow range. If the band is 
less well defined and broad, a wider spectrum 
range can be sorted. One should handle the 
cards in such a way that if a given operation is 
not fruitful, one can backtrack to the next 
previous package of cards for an altered ap- 
proach without having to return to the bulk of 
cards in the main decks. This is particularly 
true if trial sorts based on postulated structures 
are undertaken. Sorts should be started on the 
most reliable information and progress toward 
the less reliable and, where alternate moves of 
equal merit present themselves, the basic 
deck of cards from which these experimental 
sorting sallies are made should be retained as a 
safeguard against possible failure. The sorting 
and correlating possibilities coded into these 
cards are enormous and confidence and dexterity 
result from continued use. 

An apparent limitation of the card index 
system arises from the large size of the decks 
and the relatively slow speed of the least expen- 
sive card-sorting machines. On the other hand, 
all of the data are in IBM cards, and the advan- 
tages of manipulation by more complicated IBM 
equipment and services for data storage and 
rapid retrieval are quite attainable, if frequency 
of use and economics justify. With the least 
expensive sorters, the speed of handling and 
sorting averages about 500 cards per minute, 
whereas the infrared and other spectral data 
cards number more than 37,000 and 14,000 
respectively, in each of the spectral data and 
formula-name decks. To reduce the number of 
cards to be handled in a search with an inexpen- 
sive sorter, it may be desirable to “presort” 
the cards into smaller decks according to some 
selected criterion, such as strongest absorption 
band, elemental analysis, etc. The cards have 
extra space for coding by punch marks any 
desired arrangement of the index. 

By filing the cards in presort arrangements 
based on characteristics of spectra, an initial 
sort results from the act of removing the cards 
from the file. One such system makes use of the 
three strongest bands and assigns each card to a 
group that signifies the presence of a strong 
band in a given region of the spectrum. The same 
card is placed in each of the three groups 
determined by the three selected for sorting. 
Cards are then filed by groups and an initial 
sort results from the act of selecting a group 
with which to begin the search. 
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The chemical classification code adds great 
utility to these cards. One obvious use is the 
establishment of structure - band correlations. 
It is a simple operation to obtain cards indexing 
all compounds that have an absorption band 
at any given position of the spectrum and then 
determine the percentage of these which index 
compounds having a given structure, or to apply 
the reverse procedure of segregating cards 
indexing compounds of like structure and 
searching for bands in common. Details of the 
codes and search procedures for structure 
studies are given in the book of codes and 
instructions.‘ 

Combination sorting on both bands and 
structure is recommended whenever reliable 
partial knowledge of the nature of the unknown 
warrants. Where this is a common occurrence, it is 
suggested that permanent separate files of 
cards based on types of structure or classes of 
compounds be maintained. Much of this can be 
done by machine. 

A suggested grouping system is based on the 
breakdown of structural types used by Bellamy 
(4) which separates the cards on the basis of 
elements involved such as (/) carbon and 
hydrogen only; (2) carbon, hydrogen, and 
oxygen only; (3) carbon, hydrogen, and nitrogen 
only; etc. An elemental analysis dictates which 
deck to use in this case. Another system divides 
the cards on the basis of whether there is, or is 
not, a strong band inthe 5 to 6-u region. One then 
sorts only the appropriate deck to match an un- 
known spectrum. Others file separate decks in- 
dexing the spectra of inorganics, solids, gases, 
and liquids or solutions. Elaborate systems of 
presort decks based on classes of compounds or 
the presence or absence of bands in selected 
regions of the spectrum have been reported by 
users of the cards. Finally, a laboratory that does 
considerable repetitious analytical work merely 
places all cards indexing materials that have 
been analyzed into a separate deck. In all cases, 
use of such presort decks greatly reduces sorting 
time. 

Presorted decks are available for a fee by 
special arrangement through ASTM Head- 
quarters. The presorted decks may de- 
rive from the complete decks of spectral data 
or formula - name cards, or any selected portion. 
Such special decks are made to the customer’s 
specifications to index (/) spectra of particular 
classes of compounds, (2) spectra of compounds 
having particular structural features or combi- 
nations of elements, (3) spectra showing particu- 
lar band groupings, etc. 

The card index will grow and become more 


comprehensive only if laboratories continue 
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to exercise diligence in submitting their spectro- 
grams for publication. Publication in a widely 
distributed journal or in the catalogs of one of 
the organizations listed in Table II is appro- 
priate. Some of the latter organizations will 
record spectrograms of pure compounds on loan. 
In any case, contact should be made in advance 
with the publisher for instruction on policy, 


formats, etc. 


(1) R. B. Barnes, R. C. Gore, U. Liddel, and 
V. Z. Williams, “Infrared Spectroscopy,” 
Reinhold Publishing Corp., New York, 
N. Y. (1944). 

(2) H. M. Randall, R. G. Fowler, N. Fuson, 
and J. R. Dangl, “Infrared Determination 
of Organic Structures,” D. Van Nostrand 
Co., New York, N. Y. (1949). 

(3) M. G. Mellon, “Analytical Absorption 
Spectroscopy,” John Wiley & Sons, Inc., 
New York, N. Y. (1953). 

(4) L. J. Bellamy, “Infrared Spectra of Com- 
plex Molecules,” 2nd Ed., John Wiley & 
Sons, Inc., New York, N. Y. (1958). 

(5) A. D. Cross, “Introduction to Practical 


Infrared Spectroscopy,” Butterworth 
Scientific Publications, London WC2 
(1960). 


(6) L. E. Kuentzel, “(New Codes for Hollerith- 
Type Punched Cards,” Analytical Chem- 
istry, Vol. 23, pp. 1413-1418 (1951). 

(7) D. N. Ingebrigtson and A. L. Smith, 
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There is also continued need for volunteers 
to code published spectral data for the card 
index. Laboratory organizations are urged to 
sponsor their personnel in this activity. Partici- 
pation in this activity leads to greater familiarity 
with spectral data and, at the same time, serves 
the field of spectroscopic science. Volunteers for 
this service should communicate with ASTM 


“Infrared Analysis by Potassium Bromide 
Technique,” Analytical Chemistry, Vol. 
26, p. 1765 (1954). | 

(8) “Pressed Pellet Sampling for Infrared ‘ 
Analysis,” Technical Bulletin, Baird- 
Atomic Inc., Cambridge, Mass. 

(9) L. E. Kuentzel, “Punched Cards as Aids 
to Qualitative Chemical Analysis by 
Spectral Methods,” Chapter IX in 
“Punched Cards,” edited by R. S. Casey 
J. W. Perry, Allen Kent, and Madeline 
Berry, Reinhold Publishing Corp., New 
York, N. Y. (1958). 

(10) R. N. Jones, and C. Sandorfy, “Chemical 
Applications of Spectroscopy,”’ Chapter IV, 
in “Techniques of Organic Chemistry,” Vol. 
IX, edited by A. Weissberger, New York, 
N. Y., Interscience Publishers, Inc. (1956). 

(11) N. B. Colthup, “Spectra-Structure Corre- 
lations in the Infrared Region,” J. Opt. 
Soc. America, Vol. 40, pp. 397-400 (1950). 
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REPORT OF COMMITTEE E-15 
ON 


_ ANALYSIS AND TESTING OF INDUSTRIAL CHEMICALS* 


Committee E-15 on Analysis and 
Testing of Industrial Chemicals held two 
meetings during the year: on June 30 and 
July 1, 1960, in Atlantic City, N. J., and 
on Feb. 2-3, 1961, in Cincinnati, Ohio. A 
special meeting of the officers was held on 
January 13, 1961, in Philadelphia, Pa. 

The committee consists of 142 in- 
dividuals representing 89 companies and 
organizations, 14 other committees of 
the Society, and 6 consulting members. 
Due to the widespread interest in chemi- 
cals, the objectives of the committee 
have been outlined in a letter to the 
officers of all technical committees of the 
Society, inviting liaison with them in 
areas of common interest. The commit- 
tee’s organization was shown in its first 
annual report issued last year. 

Gas chromatography had been sug- 
gested as an area for work in the com- 
mittee, but a special meeting held 
jointly with representatives of other 
interested groups on July 1, 1960, led to 
the organization on February 6, 1961, of 
a separate new Committee E-19 on Gas 
Chromatography with about 125 partici- 
pating individuals. 

Analysis of radioactive chemicals also 
had been suggested for work in the 
committee, but consideration of this 
subject led to the recommendation that 
it be handled in Committee E-10 on 
Radioisotopes and Radiation Effects 
with such assistance as might be needed 
from Committee E-15. 


* Sixty-fourth Annual Meeting of the Society, 


Active participation in ISO/TC 47 on 
Chemicals (particularly methods of anal- 
ysis for industrial chemicals) was voted 
by the Committee. The Board of Direc- 
tors of the Society has approved the 
organization of a National Committee 
under the sponsorship of Committee 
E-15 for work with the American Stand- 
ards Assn. 

Work in the new areas of chelating 
agents and n-butyllithium was author- 
ized by the Executive Subcommittee 
and organization of work groups is in 
progress. 

Some 30 chemical analytical methods 
prepared for their products by other 
ASTM committees have been referred to 
Committee E-15 for review. 


New TENTATIVE 


The committee recommends for publi- 
cation as tentative the proposed Recom- 
mended Practice for Developing Pre- 
cision Data on ASTM Methods for the 
Analysis and Testing of Industrial 
Chemicals as appended hereto.' 

This recommendation has been sub- 
mitted to letter ballot of the committee, 
the results of which will be reported at 
the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee 2 on Standards and Rea- 
gents (S. M. Tuthill, chairman) has 


1 The new tentative appears in the 1961 Book 
of ASTM Standards, Part 8. 
2 The letter ballot vote on this recommenda- 


tion was favorable; the results of the vote are on 


June 25-30, 1961. record at ASTM Headquarters. 
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drafted methods for preparing and stand- 
ardizing NaOH, HCl, and H,SO, solu- 
tions, with particular attention to the 
needs of Subcommittees B-1 on Mineral 
Acids and B-2 on Alkalies, and is circu- 
lating these methods for comment. 
Methods for preparing and standardizing 
AgNO; and ammonium thiocyanate have 
been requested, and a draft of these has 
been prepared. This subcommittee ex- 
pects to serve as the clearing house for 
reagents and standards needed by the 
other subcommittees of Committee E-15. 
Liaison has been established with the 
task group on uniformity of reagents for 
Committee D-19 on Industrial Water 
and this will facilitate efforts to adopt 
uniform practices within ASTM. 

Subcommittee 3 on Precision and Ac- 
curacy (R. J. Sobatzki, chairman) pub- 
lished for information with last year’s 
annual report, a glossary for a Proposed 
Recommended Practice for Developing 
Precision Data on ASTM Methods for 
the Analysis and Testing of Industrial 
Chemicals. The subcommittee now has 
completed the other sections of this 
recommended practice including: Section 
B.—Planning the Inter-Laboratory 
Study, Section C.—Statistical Design of 
Collaborative Data, Section D.— Format 
of Precision Statements, Section E—Bias 
(Systematic Error), and Section F.—Pres- 
entation of Data. The committee is rec- 
ommending the recommended practice 
for adoption as tentative. The sub- 
committee has cooperated with Com- 
mittee E-11 on Quality Control of 
Materials. 

Subcommittee 4 on Sampling (H. O. 
Hehner, chairman) has been aided by an 
extensive search of the literature on 
sampling, from 1937 to the present, 
sponsored by the Monsanto Chemical 
Co. at Battelle Memorial Institute. The 
sources include general analytical books, 
technical journals, practices of technical 
organizations, manufacturers of sam- 
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pling devices, and methods of companies 
of this subcommittee’s members. Com- 
plete articles have been microfilmed and 
xeroxed, and now are being classified 
and evaluated for applicability to chemi- 
cal products. Because of the magnitude 
of the undertaking, initial effort is being 
concentrated in two task groups on (1) 
bulk sampling of simple single-phase 
liquids, and (2) bulk sampling of free- 
flowing finely divided solids. 

Subcommittee A-1 on Elements (Leavitt 
Gard, chairman) has organized two task 
groups: 

(1) The Task Group on Chlorine and 
Sulfur (A. P. Scanzillo, leader) has com- 
pleted a comprehensive survey of 
methods for determining chlorine and 
sulfur by Parr bomb fusion. First and 
second drafts of proposed methods have 
been circulated and balloted and the 
task group is preparing third drafts for 
collaborative study. 

(2) The Task Group on Phosphorus 
and Silica (D. K. Bannerjee, leader) has 
prepared a bibliography on methods for 
phosphorus and silicon by Parr bomb 
fusion, and drafts of methods for these 
elements are being studied with plans 
for collaborative testing. 

Subcommittee A-2 on Functional Groups 
(J. Mitchell, Jr., chairman) has organized 
three task groups: 

(1) The Task Group on Determina- 
tion of Hydrexyl Groups in Aliphatic 
Organic Compounds (T. P. Callan, 
leader) has circulated drafts of a general 
acetic anhydride method and a perchloric 
acid catalyzed modification of this 
method for collaborative studies, using 
pentaerythritol, ethylene glycol, dodeca- 
nol, and nony! phenol as representative 
hydroxyl-containing compounds. Copies 
also were sent to following subcommit- 
tees of Committee D-1: Subcommittee V, 
Group 3 on Pentaerythritol, and Sub- 
committee II which is working on a hy- 
droxy! method for drying oils. Comments 


ae 
n 
s 
r 
q 
ul 
it 
iS 


664 


were exchanged with these subcommit- 
tees. The task group expects to have a fi- 
nal draft of the acetic anhydride method 
ready for consideration by the committee 
in June. More information is needed on 
the acid-catalyzed modification before a 
final draft can be prepared. 

(2) The Task Group on Unsaturation 
(E. N. Luce, leader) has been studying 
the pyridine sulfate dibromide method 
with particular consideration being given 
to the model compounds methyl metha- 
crylate, mesityl oxide, cyclohexene, and 
undecenoic acid, which have been shown 
to react essentially quantitatively. A 
final draft of this method is expected to 
be ready for consideration by the com- 
mittee in June. 

(3) The Task Group on Organic 
Peroxides (D. K. Bannerjee, leader) held 
its first meeting in Cincinnati, Ohio, and 
selected as its objectives: (a) analytical 
methods for assay, (6) analytical 
methods for determining low concentra- 
tions of peroxides, (c) information on the 
formation of peroxides, particularly in 
solvents, and (d) hazards and safe 
practices in handling peroxides. Work 
has been started on a bibliography of the 
analytical methods of interest to the 
task group and it is expected to have 
one assay method and one low !evel 
concentration method available for com- 
ment in June. 

Subcommittee A-3 on Physical Prop- 
erties (W. A. MacNaughton, chairman) 
has two active task groups: 

(1) The Task Group on Density- 
Volume Relationships for Industrial 
Liquid Chemicals (B. H. Cummings, 
leader) has prepared a Proposed Method 
for Calculation of Volume and Weight 
of Industrial Chemical Liquids, including 
tables for the following ten chemical 
products: isopropyl ether, hexylene gly- 
col, ethyl alcohol, epichlorohydrin, 
mesityl oxide, 95 per cent by weight 
glycerin, 96 per cent by weight glycerin, 


allyl chloride, allyl alcohol, and diacetone 
alcohol. The method and tables are 
being distributed to the members of the 
subcommittee for study and acceptance 
prior to submittal to the committee. 
Similar tables are needed for many such 
products and the task group plans to 
extend the tables to cover additional 
commercial liquid chemicals handled in 
large quantities. Overlap of work of 
other committees such as the Method 
for Calculation of Volume and Weight of 
Benzene, Toluene, and Paraxylene (D 
1555-58 T) prepared by Committees 
D-2 on Petroleum Products and D-16 
on Industrial Aromatic Hydrocarbons, 
will be avoided through proper liaison. 

(2) The Task Group on Melting 
Points and Freezing Points (W. A. 
MacNaughton, leader) has written pro- 
cedures for capillary and hot stage 
melting point determinations, and these 
are being evaluated in a number of 
laboratories. The Method of Test for 
Solidification Point of Aromatic Hydro- 
carbons and Related Materials (D 1493- 
58 T) appears to be generally applicable 
to chemical products and is being studied 
by the task group. If favorably con- 
sidered, it is planned to request Com- 
mittee D-16 to amend the title and 
scope of this method to indicate its 
broader application. 

Need for study and establishment of 
methods for color of industrial chemicals 
has been discussed but organization of a 
task group on color has been deferred 
pending selection of a leader. 

Subcommittee A-4 on Water (W. W. 
Becker, temporary chairman) has re- 
viewed the several ASTM methods for 
determination of water using the Karl 
Fischer reagent. Task groups under the 
leadership of C. M. Gambrill for rea- 
gents, J. Mitchell, Jr. for interfering 
groups, and E. G. Wiest for apparatus, 
have prepared comprehensive descrip- 
tions of these sections, and the subcom- 


mittee is assembling them into a recom- 
mended practice or general method 
applicable to chemical products. Much 
helpful information for other ASTM 
committees will be contained therein. 

Subcommitiee B-1 on Mineral Acids 
(W. Clavan, chairman) has organized 
two task groups: 

(1) The Task Group on Sulfuric Acids 
(N. C. Schultze, leader) is considering 
methods for total acidity, specific grav- 
ity, nonvolatiles, iron, and nitrates in 
sulfuric acid. From collaborative tests 
using four different procedures, a total 
acidity method has been selected and is 
being prepared for final evaluation. 
Drafts of methods for the other determi- 
nations have been prepared and dis- 
cussed, and revisions based on comments 
of the subcommittee are being incorpo- 
rated for collaborative evaluation. 

(2) The Task Group on Hydrochloric 
Acid (R. E. Richard, leader) has pre- 
pared drafts of methods for total acidity, 
Baumé gravity, ash, sulfur, free chlorine, 
and heavy metals. These have been 
discussed and will be rewritten for 
consideration by the subcommittee. 
Methods for iron and color will be 
added. 

Subcommittee B-2 on Alkalies (R. J. 
Funston, chairman) has prepared 
methods for determination of total alka- 
linity, carbonate, chloride, sulfate and 
iron in sodium hydroxide, and has carried 
out preliminary collaborative _ tests. 
Necessary changes are being made in the 
methods on the basis of the results 
obtained and plans are under way for 
establishment of their precision and 
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accuracy on various strengths of sodium 
hydroxide. Because of its importance for 
meaningful results, instructions for sam- 
pling sodium hydroxide also are being 
prepared for inclusion with the proposed 
methods and review by Subcommittee 4. 

Methods for other alkalies are on the 
agenda for future consideration. 

Subcommitiee B-3 on Alcohols (W. R. 
Deitz, chairman) has organized two 
task groups: 

(1) The Task Group on Ethylene 
Glycol (R. L. Anderson, leader) has 
carried out cooperative tests on methods 
for determination of specific gravity, 
distillation range, acidity, and color and 
is studying the results. A first draft of a 
method for iron determination is under 
revision and a potentiometric method 
for determining chloride is being inves- 
tigated. 

(2) The Task Group on Methanol (J. 
L. Carlson, leader) is reviewing the 
methods of sixteen different companies 
for selection of the tests desired for 
standardization. Present ASTM methods 
will be used wherever applicable. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 142 individuals; 95 returned 
their ballots, of whom 93 have voted af- 
firmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 
W. A. KIRKLIN, 
Chairman. 


R. C. JOHNSON, 
Secrelary, 
tse 
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Committee E-17 on Skid Resistance 
held two meetings during the year: in 
Atlantic City, N.J., on June 28, 1960, 
and in Cincinnati, Ohio, on Feb. 2, 1961. 
At the June meeting, officers were elected 
and a scope for the committee was 
adopted. The February meeting was the 
first working meeting of the committee. 
At this time appointments were made to 
a number of subcommittees, scopes were 
assigned to these subcommittees, and 
each subcommittee held a meeting. 

The committee lost one member by 
death: Earl J. Felt. In recognition of the 
valuable contributions of Mr. Felt in the 
field of research on skid resistance and of 
the loss which members felt in his pas- 
sing, an appropriate memorial resolution 
was prepared and adopted and is being 
entered on the permanent records of the 
committee and the Society. 

Although the committee has been 


* Sixty-fourth Annual Meeting of the Society, 
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active for less than one year, some ac- 
complishments have already been made. 
A series of cooperative tests are being 
performed by various agencies on a 
variety of specimens developed under the 
sponsorship of Subcommittee II-d on 
Standard Test Surfaces in an effort to 
develop a specimen or specimens which 
may be used repeatedly for calibration of 
slipperiness testing equipment and to 
permit comparison of different devices of 
this nature. Subcommittee II-e on Tire 
Characteristics and Significance has pro- 
duced a tentative specification for a 
standard slipperiness test tire, and at 
least one tire manufacturer has agreed to 
produce this tire. 


Respectfully submitted on behalf of 
the committee, 
E. A. WHITEHURST, 


Chairman. 

J. H. Drrarp, 
Secretary. 
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GAS CHROMATOGRAPHY* 


The organizational meeting of Com- 
mittee E-19 on Gas Chromatography 
was held on Feb. 6, 1961, in Philadelphia, 
Pa. At that time officers were elected and 
an Interim Executive Committee was 
appointed pending the completion of the 
permanent Executive Committee and 
the adoption of by-laws by the members. 
The purpose of the committee is the 
promotion of the development of gas 
chromatography by : (1) coordinating 
scientific applications and methods of 
analysis based on gas chromatography in 
cooperation with other technical com- 
mittees of the Society and other organi- 
zations; (2) cooperating with national 
and international bodies in standardizing 
presentation of data and nomenclature; 
(3) developing general methods and 
other appropriate standards; (4) provid- 
ing a forum for exchange of information; 
(5) stimulating research in this field; and 
(6) collecting and disseminating critical 
data. 

The permanent Executive Committee 
has now been completed to consist of the 
following: 

Chairman, B. F. Dudenbostel, Jr., 

Esso Research and Engineering Co. 

First Vice-Chairman, C. H. Orr, 

Proctor & Gamble Co. 
Second Vice-Chairman, N. Brenner, 
Perkin-Elmer Corp. 
Secretary, C. G. Harriz, Houdry Process 
Corp. 


* Sixty-fourth Annual Meeting of the Society, 
June 25-30, 1961. 


Chairman, Subcommittee I on Defi- 
nitions, Nomenclature, and Stand- 
ard Data, B. O. Ayers, Phillips 
Petroleum Co. 

Chairman, Subcommittee III on Re- 
search, M. K. Testerman, Univer- 
sity of Arkansas. 

Chairman, Subcommittee IV on Co- 
ordination and Standardization of 
Methods, W. C. Jones, Jr., Humble 
Oil & Refining Co. 

Members-at-Large, W. W. Brandt, 
Kansas State University and D. H. 
Desty, British Petroleum Co. 

In addition to serving as Vice-Chair- 
men, C. H. Orr and N. Brenner will also 
act as Co-chairmen of Subcommittee IT 
on Programs and Papers. 

As an initial activity, Committee E-19 
held an informal discussion forum in 
Chicago, Ill. on June 9, 1961, under the 
sponsorship of Subcommittee I on Defi- 
nitions, Nomenclature, and Standard 
Data. A panel consisting of H. M. 
MeNair, Esso Research and Engineering 
Co.; D. D. DeFord, Northwestern Uni- 
versity; R. A. Dinerstein, American Oil 
Co.; and D. H. Desty, British Petroleum 
Co., led discussions on qualitative identi- 
fications in chromatography; presenta- 
tion of retention parameters and addi- 
tional column data required for column 
optimization; adsorption of solute on 
liquid surface; specification of sensitiv- 
ity, time constant, etc., for chromato- 
graphic detectors; and the experience of 
European groups working on standard 
data presentation. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Definitions, Nomen- 
clature, and Standard Data (B. O. Ayers, 
chairman) plans to establish two task 
groups, one to study definitions and 
nomenclature and another to study meth- 
ods of standard data presentation. Com- 
ments and suggestions in areas of con- 
cern to Subcommittee I will be solicited 
from its members and interested persons. 
It is hoped that by the end of 1961, a 
summary of the response to this solici- 
tation and of a complete literature sur- 
vey will be completed. At that time 
preliminary recommendations for sub- 
committee action will be made. 

Subcommittee II on Programs and 
Papers (C. H. Orr and N. Brenner, co- 
chairmen) is assisting in plans for a 
meeting of Committee E-19 in the Mid- 
west during September or October, 1962. 
It is also possible that Committee E-19 
may serve as co-sponsor with the Instru- 
ment Society of America for the 1963 
East Lansing Gas Chromatography Sym- 
posium. 

Subcommittee III on Research (M. K. 
Testerman, chairman) held its first meet- 
ing on June 9, 1961, at Chicago, Ill. A 
brief discussion on the scope of the activ- 
ities was presented by the chairman. It 
was announced that a poll would be made 
of interested persons on what activities 
they might feel important. Also noted 
was the fact that a close liaison between 
Subcommittees I and III is necessary due 
to the high degree of art that stil] exists 
in this field of instrumentation. It was 
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established that one of the first activities 
of Subcommittee III will be that of an 
informal forum consisting of interim or 
progress reports (not normally suitable 
for formal presentation) on new con- 
cepts, unique instrumentation, and new 
techniques in the field of gas chromatog- 
raphy. This forum will be held during 
each annual meeting of Committee E-19. 

Harold M. McNair of Esso Research 
and Engineering Co. presented a stimu- 
lating talk on “Speculations on the Fu- 
ture of Gas Chromatography,” followed 
by floor discussion. 

Subcommittee IV on Coordination and 
Standardization of Methods (W. C. Jones, 
Jr., chairman) held its organizational 
meeting on June 9, 1961, in Chicago to 
discuss the scope and method of opera- 
tion of the subcommittee, especially with 
respect to other ASTM groups having 
mutual interests. After discussion, the 
establishment of three task groups was 
approved with the following objectives: 
(1) to select the correct format for gas 
chromatography methods, (2) to review 
methods on gas chromatography, and 
(3) to write methods concerning general 
techniques. The chairman and member- 
ships of these task groups will be an- 
nounced when appointed. 


Respectfully submitted on behalf of 
the committee, 


B. F. DUDENBOSTEL, JR., 


Chairman. 
C. G. Haney, 
Secretary. 
r 
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MATERIALS FOR ELECTRON TUBES AND 
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SEMICONDUCTOR DEVICES* 


Committee F-1 on Materials for Elec- 
tron Tubes and Semiconductor Devices 
held three meetings during the year: 
in Skytop, Pa., Nov. 3 and 4, 1960; in 
Washington, D. C., Feb. 25 and 26, 
1961; and June 26 and 27, 1961 in 
Atlantic City, N. J. 

The committee membership totals 96 
members, of whom 42 are classified as 
producers, 36 as consumers, and 18 as 
general interest members. 

M. H. Batlan was appointed chairman 
of Subcommittee II on Insulators, re- 
placing C. M. Harman, who resigned. 
A. S. Rugare was appointed secretary of 
Subcommittee VI on Semiconductors, 
replacing W. A. Jemain; and N. L. 
Hobbs was appointed secretary of Sub- 
committee X on Control of Contaminants. 
H. Stern was appointed as Committee 
F-1 liaison member with Committee E-10 
on Radioisotopes and Radiation Effects. 

Stanton Umbreit was presented the 
ASTM Award of Merit at the 1960 An- 
nual Meeting. 

Highlighting the activities of the past 
year was the committee’s consideration 
of the use of the metric system in its 
standards. It is intended that both 
English and metric systems will be used 
in current Committee F-1 standards. 
While this is a long-term project, it takes 
cognizance of a worthwhile trend. The 
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committee recognizes that the effort 
must be well known and that adequate 
time, probably several years, must be 
provided for its acceptance. 

Of particular significance was the 
Symposium on Materials and Electron 
Device Processing conducted under the 
auspices of Subcommittee X and held in 
Philadelphia on April 5, 6, and 7, 1961. 
The sessions were attended by over 300 
interested technical people and provided 
a program of 35 papers on this important 
subject. The papers have been published 
as ASTM STP No. 300. 

With respect to standardization work 
of Subcommittee VI on Semiconductors, 
a strengthened liaison with the National 
Bureau of Standards via Messrs. Wild- 
hack, French, and Marsden was estab- 
lished. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1960 Annual Meet- 
ing, Committee F-1 presented to the 
Society through the Administrative Com- 
mittee on Standards the following recom- 
mendations: 


New Tentative Specifications for: 

Mica Bridges for Electron Tubes (F 12 - 60 T), 
and 

Disk Cathode Assemblies (F 13 - 60 T). 


These recommendations were accepted 
by the Standards Committee on Sep- 
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tember 29, 1960, and the new tentative 
specifications appear in the 1960 Supple- 
ment to Book of ASTM Standards, 
Part 2. 


New TENTATIVES 


The committee recommends for publi- 
cation as tentative the following recom- 
mended practice, specification, and 
method as appended hereto:! 


Tentative Recommended Practice for: 
Making and Testing a Reference Glass-Metal 
Bead-Seal. | 
Tentative Specification for: Mat © 
Iron-Nickel-Cobalt Sealing Alloy, => 
i 
Tentative Methods of: es 
Mechanical Test for Measuring Diameter or 
Thickness of Wire and Ribbon for Elec- 
tronic Devices and Lamps. ee 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
as indicated of the following tentatives 
and their continuation as tentative: 


Tentative Specification for Aluminum 
Oxide Powder (F 7-58 T)? 


Section 2—Revise the table of chemi- 
cal requirements to read as follows: 


Alumina (Al,.O3), min, per cent........ 99.65 
Silica (SiOz), max, per cent........... 0.08 
Magnesia (MgO), max, per cent....... 0.08 
Ferric oxide (Fe2O3), max, percent.... 0.10 
Total alkali (as Na2O), max, per cent. . 0.06 


Carbon (C), max, per cent............ 0.01 
Calcium oxide (CaO) max, percent.... 0.08 
Zirconium oxide (ZrO2) max, per cent.. 0.08 


No other single impurity to exceed, per 


Section 4—Revise the heading to 
read “Sampling” and delete the second 
sentence. 

Section 5(b)——Change to read as fol- 
lows: 


(b) Water-Soluble Content—The total water- 
soluble content shall be determined by measuring 


1 The new tentatives appear in the 1961 Book 
of ASTM Standards, Part 2. 
21958 Book of ASTM Standards, Part 2. 
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the electrical conductivity of a 100-ml distilled 
or deionized water extract from a 5 g sample (or 
other convenient size). Elutriation shall consist 
of vigorously shaking the alumina suspension in 
a flask for 1 to 2 min, allowing the solids to set- 
tle, and decanting the clear supernatant liquid 
after 30 to 60 min, the conductivity of which is 
measured with a standard cell and bridge. This 
measurement shall be corrected for the “blank” 
reading on a similarly treated equal volume of 
the same pure water. The net increase in con- 
ductivity of the water extract shall be first con- 
verted to parts of water-soluble content as NaCl 
per million of water (factor is 1 micromho = 
0.5 ppm NaCl), then related to the actual weight 
of elutriated alumina. For example, on a typical 
100-ml extract 10 micromhos (net) or 5 parts 
of NaCl per million of water in this volume of 
liquid is equivalent to 100 parts of NaCl per 
million of alumina on the basis of a 5-g sample. 


Tentative Specification for Nickel Alloy 
Cathode Sleeves for Electronic De- 
vices (F 239-57 T)? 


Section 1—Change the scope to read 
as follows: 


1. This specification covers nickel alloy 
cathode sleeves, seamless, welded-and-drawn, 
lockseam, or lapseam, for use as indirectly heated 
oxide-coated cathodes in electron devices. 


Section 6—Add a new Paragraph (h) 
to read ‘“‘(k) Seam—The seam dimen- 
sions shall be in accordance with the 
values listed in Table VII.” 

Table I—Make the following revisions 
in Table I for alloy grades 3, 10, and 11, 
and add a new Footnote c: 


per cent|per cent! cent percent | cent? 
3...| 0.10 | 0.10 | 0.01 to | 0.01 to 
0.08 0.05 
10...| 0.10 | 0.10 | 0.01 to | 0.005 
0.10 max 
11...| 0.10 | 0.10 | 0.01 to | 0.01 to 
6.08 0.05 


*Carbon limits specified apply to cathode 
material only. Carbon content is higher for 
large tubing or strip for rerolling or redrawing. 

Table II1—Add to the portion of 
Table II on Circular Cross-Section 


Sleeves the following: “Lapseam: 0.025 
to 0.040, incl... .+0.0005.” 

Table III]—Under Circular Cross- 
Section Sleeves, add “Lapseam: Up to 
0.040, incl....D — (3W + 0.0014).” 

Under Shaped Cross-Section Sleeves, 
add “Lapseam: Allsizes.......... M 
(2W + 0.0016).” 

To Footnote a, add “M = specified 
minor outside diameter in inches.” 


TABLE I.—PERMISSIBLE VARIATIONS 
IN LENGTH. 


(Revision of Table V, Specifications F 239) 


Permissible Specified 
Specific Length, 
In. 
Seamless, or 
Welded-and-| Lockseam | Lapseam 
Drawn 

Under i... ..:.. +0.005 | +0.005 | +0.005 
+0.005 | +0.010 
Over 2 +0.010 apt 


Table IV—Add a new column for 
Lapseam to read “0.0001” for wall 
thickness of 0.0015 to 0.0029, excl. 

Table V.—Change to read as shown 
in the accompanying Table I. 

Table VI.—Add to Table VI, “Lap- 
seam: All sizes” with the following 
tolerances: 

180 + 15 deg to 


seam 
0.010 to 0.015 


Tab Location.......... 


Width, Flattened, in... . 
Variation, 
+0.003 
1to15+0.5mm 
0.010 to 0.015 


Add tab radius of ‘0.010 to 0.15” to 
all categories of Table VI. 

New Table VII—Add a new Table 
VII as shown in the accompanying 
Table II. 


Tentative Method of Testing Sleeves 
and Tubing for Radio Tube Cathodes 
(F 128-56 T)*: Revise as appended 
hereto.® 


Tab Length.. 


3 The revised tentatives appear in 


the 1961 
Book of ASTM Standards, Part 2. ’ 
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Tentative Recommended Practice for 
Cathode Melt Prove-In Testing 
(F 238-55 T)*: Revise as appended 
hereto.* 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


TABLE II.—PERMISSIBLE VARIATIONS 
IN SEAM WIDTH AND THICKNESS 


(New Table VII, Specifications F 239) 


LocksEAM 
Permissible Variations, in. - 
Nominal Wall 
Thickness, in. Seam 
Seam Width Thickness, 
max 
ee 0.020 to 0.025 0.0098 
ee 0.020 to 0.025 0.0125 
0.0190 
LaPsEAM 
Lap opening 0.0005 max. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Cathode Materials 
(A. P. Haase, chairman).—The subcom- 
mittee comprises three principal task 
groups whose work over the past year 
has highlighted investigations of methods 
of measuring cathode temperature in the 
vacuum tube with an improved degree of 
accuracy, culminating in a recommended 
practice for the measurement of tempera- 
ture of thermionic emitters, currently 
ready for committee approval. 

The Interface Task Group modified 
the scope of Method F 300 for committee 
approval. Improvements to methods of 
calibration and evaluation of interface 
impedance. are the main points, The 
preparation of a proposal for an Inter- 
national Electrotechnical Commission 

4 The letter ballot vote on these reeommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters, 
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recommendation or. interface impedance 
measurement was assigned to the U. S. 
Such a document has been prepared in 
IEC format by the ASTM in coopera- 
tion with the U. S. National Committee. 

Important revisions of Method F 128, 
particularly in the methods of collapse 
strength testing, were made by the 
physical and chemical test section. The 
results of these efforts will provide de- 
sired limits for Specification F 239. 

Factory melt prove-in tests were made, 
the first report of the period being on 
Cathaloy A31 material. 

New areas of testing coating adher- 
ence using standard scratch test were 
under investigation as applicable to 
cathode coatings. Interlaboratory tests 
are in progress. 

Subcommittee II on Insulators (M. H. 
Batlan, chairman) is conducting an in- 
vestigation of milled alundum. Early 
reported findings show the effect of low- 
pH and high-pH material. Further re- 
ports indicated that the pH and coating 
effects were tied to steel-ball grinding 
media versus ceramic-ball milled media. 
This investigation will be further 
strengthened by electron microscope 
studies now being made, together with 
an investigation of spectrographic differ- 
ences of the alundums. 

The subcommittee anticipates further 
revisions in Methods F 652, particularly 
in the area of use of an automatic device 
for lowering the pin of the tapered pin 
gage and the use of special overscreen 
charts or reticles. 

The group expects to add recom- 
mended practices on mica design for 
Specification F 12 on Mica Bridges for 
Electron Tubes. Consideration is being 
given to writing a specification on the 
use of integrated and reconstituted mica 
as a substitute for natural mica bridges. 
This subcommittee finished its work on 
the revision of Specification F 7 as noted 


earlier in this report. 


Report or Committee F-l 


Subcommittee III on Strip (P. P. 
Prichett, chairman) has been engaged in 
the measurement of gas content of typi- 
cal anode materials with the aim of 
developing a test method. 

In addition, the investigations of 
surface quality measurements resulted 
in interlaboratory tests being set up, 
principally for reflectometer tests. Other 
means of measuring matte and bright 
surface finishes are being investigated. 

This subcommittee is coordinating 
with Subcommittee V in regard to 
tolerance requirements of strip in con- 
nection with the iron-nickel-cobalt seal- 
ing alloys. Still in the discussion stages 
are projects involving high-conductivity 
anode strip, close-tolerance strip meas- 
urement, and changes in the chemical 
composition of nickel strip to establish 
better agreement between Specifications 
F 1, F 2, F 3, F 4, and F 239. 

Subcommitiee IV on Wire (D. R. 
Kerstetter, chairman) has been revising 
Specifications F 288 and F 290 for com- 
mittee balloting at the fall meeting. 

Other work being done by this sub- 
committee includes tensile evaluation of 
lead weld knots, the review of Specifica- 
tion F 9 on side rod wire to cover ma- 
terials currently in use, and the review of 
Method F 113 on bend testing of support 
wires to include use of standards for 
calibrating the bend tester. 

It is intended to solicit the interest of 
various semiconductor manufacturers in 
covering the various wire and ribbon 
materials now in use on semiconductors 
in this committee. 

Subcommitiee V on Metallic-Nonmetal- 
lic Seals (V. J. DeSantis, chairman) has 
completed a specification on iron-nickel- 
cobalt alloys for sealing to glass and has 
conducted investigations on a proposed 
method for tensile and vacuum testing 
of metallized seals. Other activities in- 
clude interlaboratory tests on iron-nickel 
alloys, principally aimed at evaluation 
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of expansion and chemical composition 
as appropriate to a sealing alloy. Refer- 
ence seals for the metal-glass applica- 
tion are under consideration, and also the 
preparation of Dumet color standards. 

Subcommitiee VI on Semiconductors 
(H. M. Pollack, chairman) has com- 
pleted a method of test for the determi- 
nation of electrical resistivity for semi- 
conductor materials. Studies are under 
way of dislocations in silicon, germanium 
dioxide, crystallographic orientation, and 
oxygen in silicon, the results of which 
will be applicable to future specification 
or method-of-test work. 

Subcommittee VIII, Editorial (E. A. 
Thurber, chairman) has provided for 
uniformity of terms, format, and bene- 
ficial recommendations as applied to all 
the specifications generated within the 
committee. The chairman in particular 
participated in depth in appraising the 
applicability of the metric system as a 
long-term benefit to specifications and in- 
stituted the current program of having all 
specifications appear in both systems as 
they originate in the committee, with the 
English system taking precedence when- 
ever a dispute on conversion factors 
occurs. The committee appreciates that 
however beneficial the conversion to the 
metric system may be, it is a program of 
several years duration and must be done 
without embarrassment to existing sup- 
plier-consumer relationships. This effort 
is coordinated to the JEDEC groups 
through Committee F-1 representative 
W. Hindman. 

Subcommittee IX on Materials Analy- 
sis (J. C. Hickle, chairman) has partici- 
pated in liaison activities with the other 
subcommittees in their needs for analyti- 
cal procedures. Principal efforts were in 
the fields of improved chemical and 
spectrographic analyses as applied to 
the problems of Committee F-1 and 
working through appropriate liaison with 
the E Committee groups. 


The expressed difficulties in deter- 
mining small quantities of magnesium 
in nickel occasioned investigation of a 
photometric method of Andrew and 
Gentry (Mullard) of England, which 
appears to be a desirable alternate for the 
Luke oxine procedure. In investigations 
for methods of copper in nickel, inter- 
laboratory tests using the photometric 
neocuproine method were satisfactory to 
occasion the subcommittee’s recom- 
mendation for this method to appear in 
the report of Committee E-3 on Chemi- 
cal Analysis of Metals for incorporation 
into the new ASTM Methods of Chemi- 
cal Analysis of Metals. The program of 
determining cobalt in nickel has not 
concluded but is concerned with photo- 
metric and polarographic methods. 

Significant discussions have also taken 
place with respect to tests for rare 
earths in nickel and the application of 
X-ray fluorescence analysis to tungsten- 
nickel alloys. 

Subcommittee X on Control of Contami- 
nanis (D. E. Koontz, chairman) has 
had a most active year, with a particu- 
larly high growth rate. The meetings 
during the period were largely concerned 
with background discussions to provide 
a satisfactory basis for future methods of 
test and specifications. Currently the 
work of the committee includes the 
categories of airborne contaminants, 
surface contaminants, and the examina- 
tion of solvents. 

The background work on airborne 
contaminants includes microscopic ex- 
amination, settling and filtration, and 
impact methods, as well as the photo- 
electric method approach. The surface 
contaminants effort has concerned itself 
with conductivity measurements, wetta- 
bility tests, microscopy of surface parti- 
cle identification, radioactive tracer tests, 
and surface potential tests. The examina- 
tion of solvents work includes investiga- 
tions on conductivity, biological im- 
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purities, evaluatior of total solvents, 
method of test for organics, etc. 
Highlighting this subcommittee’s work 
was the Symposium on Materials and 
Electron Device Processing mentioned 


Report OF COMMITTEE F-1 


returned their ballots, of whom 42 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


earlier in this report. S. A. STANDING, 
Chairman. 
This report has been submitted to 
letter ballot of the committee, which C. L. Guerret, lo 
consists of 96 members; 63 members Secretary. 
EprroriaL Note 


New Tentative Method for: 


Subsequent to the Annual Meeting, Committee F-1 presented to the Society through the 
Administrative Committee on Standards the following recommendations: 


te Evaluation of Glass-to-Metal Headers for Electron Devices (F 18-61 T), and ee : 
Tension and Vacuum Testing Metallized Ceramic Seals (F 19-61 T). iby 
Revision of Tentative Method of Test for: 
Sublimation Characteristics of Metallic Materials by Electrical Resistance (F 278 - 55 T), 
it and 


_ Interface Impedance Characteristics of Vacuum Tube Cathodes (F 300-57 T). — 


Revision of Tentative Specifications for: 


Tungsten Wire for Electronic Devices and Lamps (F 288 - 57 T). 


Revision and Reversion to Tentative of Standard Methods for: 
Measuring Mica Stampings or Substitutes Used in Electronic Devices and Lamps (F 652 - 


51). 


Part 2. 


afd 


These recommendations were accepted by the Standards Committee on September 12, 
1961, and the new and revised tentatives appear in the 1961 Book of ASTM Standards, 


On January 3, 1962, the Administrative Committee on Standards accepted the fol- 
_ lowing recommendations submitted by Committee F-1 which are available as separate 


reprints: 
New Tentative Specification for: 


High Conductivity Composite Aluminum-Steel-Copper for Electron Tubes (F 20 - 62 T). 


‘New Tentative Method of Test for: 


_ Hydrophobic Surface Films (the Atomizer Test) (F 21 - 62 T), and 
_ Hydrophobic Surface Films (Water Break Test) (F 22 - 62 T). 


Tentative Method for: 
New Tentative Recommended Practice for: 


Revision of Tentative Specification for: 


Tubes (F 2-57 T), 


Electron Tubes (F 4 - 57 T), 


Measuring and Counting Particulate Contamination on Surfaces (F 24 — 62 T). 


Temperature Measurement of Thermionic Emitters (F 23 - 62 T). 


Nickel Strip for Electron Tubes (F 3 - 57 T), 
Carbonized Nickel Strip and Carbonized Nickel-Plated and Nickel-Clad Steel Strip for 
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Nickel Clad and Nickel-Plated Steel Strip for Electron Tubes (F 1-57 T), 
Aluminum-Clad Steel Strip and Nickel-Steel-Aluminum Composite Strip for Electron 


Nickel Alloy Cathode Sleeves for Electron Devices (F 239-61 T), and 
Round Wire for Use as Grid Lateral Winding Wire in Electron Tube Grids (F 290 — 57 T). 
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REPORT OF COMMITTEE 


Sartitmlia 


FLEXIBLE BARRIER MATERIALS® 


Since its last report to the Society in 
June, 1958, Committee F-2 on Flexible 
Barrier Materials has held six meetings: 
on October 15, 1958, and April 15, 1959, 
in Chicago, Ill.; Nov. 19, 1959, in New 
York, N. Y.; ; April 7 7, 1960, in Atlantic 
City, N. J.; Nov. 2 1960, in New York, 
N. Y.; and on March 8, 1961, in East 
Lansing, Mich. 

The committee consists of 80 voting 
members, of whom 46 are classified as 
producers, 16 as consumers, and 18 as 
general interest members. 


New TENTATIVE 


The committee recommends for publi- 
cation as tentative the Definitions of 
Terms Relating to Flexible Barrier Ma- 
terials as appended hereto. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I, Executive Committee 
(C. C. Sutton, chairman) held a meeting 
at the Division of Food, USDA, on 
Sept. 16, 1960, in Washington, D. C., 
to establish liaison toward the develop- 
ment of extraction methods for flexible 
barrier materials acceptable to the Food 
& Drug Administration. A brochure to 
publicize the activities of the committee 
was printed and made available to all 
interested parties. The desirability of 
sponsoring research on gas transmission 

* Sixty-fourth Annual Meeting of the So- 
ciety, June 25-30, 1961. 

1 The new tentative appears in the 1961 Book 
of ASTM Standards, Part 6. 
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methods for flexible barrier materials 
has been taken under consideration. 

Subcommitiee II on Nomenclature and 
Definitions (H. H. Haines, chairman) 
has defined 4 terms mentioned earlier 
in this report. 

Subcommitiee III on Testing Methods 
(K. W. Ninnemann, chairman) estab- 
lished a new section on Extraction Test 
Methods and is exploring the possibility 
of developing new test methods for 
cellulosic films and various laminates. 

Section on Extraction Test Methods 
(I. F. Peake, chairman) has reviewed 
all extraction methods applying to 
flexible barriers and is concentrating its 
efforts on three procedures. Interlabora- 
tory studies of these methods have been 
initiated. 

Section on Physical Test Methods 
(G. R. Rugger, chairman) is subjecting 
static and dynamic loading procedures 
for determining seal strength to inter- 
laboratory testing. Impact tests appli- 
cable to the broad area of flexible bar- 
riers are being evaluated. The properties 
necessary to evaluate stiffness and avail- 
able methods and apparatus are being 
studied. 

Section on Transmission Test Methods 
(W. B. Kunz, chairman) is developing 
water vapor and gas transmission meth- 
ods for regenerated cellulosic materials. 
Existing methods and new approaches 
are being investigated for flexible barrier 


composites. 
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Subcommitiee IV on Specifications 
(Paul Cope, chairman) has listed and 
defined all of the properties of flexible 
barrier materials that must be char- 
acterized for a specification. 

The subcommittee has explored the 
possibility of developing toughness as a 
specifiable property of flexible barriers. 
A survey has indicated that its units 
may be expressed as foot-pounds per 
square foot, the work necessary to 
break the material. An interlaboratory 
study of the toughness of four types of 
flexible barriers has begun. 

A new section was authorized to 
explore regenerated cellulosic films. 

Subcommittee V on Liaison (J. W. 
Goff, chairman), has developed active 
liaison with appropriate ASTM Com- 
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mittees. Pertinent work of these com- 
mittees as well as that of the Packaging 
Institute and the Technical Assn. of the 
Pulp and Paper Industry is brought to 
the attention of the committee. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 80 members; 42 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


C. C. Sutton, 


Chairman. 
R. H. GILjoHANn, 
Secretary. 
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ELATION FOR CUMULATIVE FATIGUE 


ar ant DAMAGE IN BENDING* fe 
wt i ali 
By S. S. Manson, A. J. NACHTIGALL, AND J. C. FRECHE! 
SYNOPSIS 
A procedure is proposed for determining the remaining fatigue life of speci- 
mens subjected to a prior history of cyclic bending stresses. The method can 
applied either graphically or analytically, the only requirement being a 
___ knowledge of a characteristic constant which is readily obtainable by labora- _ 
tory tests or which can be estimated. dens 
savzt The fatigue behavior of electric-furnace-melted SAE 4130 steel was investi- 
gated in rotating-bending fatigue after it was subjected to a prestress at 
100,000 psi for different cyclic histories. This behavior corroborated the hy- 7 
‘ pothesis proposed, which is based upon the assumption that lines representing 4 
the S- log N relationship of material prestressed varying amounts will inter- - 
sect the S - log N line of the original material near a common point. a" 
wit - Comparison of the proposed procedure with that of Palmgren-Miner __ 
indicates that the latter method is a special case of that described herein. The 
___ order-dependence effect of load application upon fatigue life, as well as the = 
reduction in endurance limit which occurs when a material is prestressed, is 
accounted for in the proposed procedure. Neither of these factors is considered 
the Palmgren-Miner method. 
| The proposed procedure appears to afford a useful design tool, although 4 
more experimental verification is required with other materials, other stress aly 
histories, and other types of fatigue tests before the usefulness of thisapproach __ 

an be clearly established. 

| 


The impossibility of duplicating in the 
laboratory the infinite variety of load 
spectra encountered in engineering prac- 
tice, and thereby predicting fatigue life 
in advance of service, has led to the ad- 
vancement of various cumulative fatigue 
damage theories (1-8).2 Many of these 
(1-5) methods consider fatigue damage 
to be stress-dependent and require ex- 
perimental procedures to evaluate the 
stress dependence. As a consequence, 

* Presented at the Sixty-fourth Annual 


Meeting of the Society, June 25-30, 1961. 
1Lewis Research Center, National Aero- 


nautics and Space Administration, Cleveland, 
Ohio. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 
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these methods are often too complex to 
be readily applied by the designer. There 
are also available to designers some 
readily applicable methods for predicting 
fatigue life, such as those of references 
(6,7,8). These can provide useful approxi- 
mations of the remaining fatigue life after 
a prior load history has been imposed; 
however, the simpler methods often dis- 
play limited accuracy. 

The most widely known of the simpler 
procedures, that of Palmgren-Miner 
(6-7), is a summation-of-cycle ratio hy- 
pothesis. As has been pointed out (9), a 
number of investigations have shown 
results of specific tests to be incompatible 


= 


680 NACHTIGALL AND FRECHE | 


with a simple summation of cycle ratios. 
The fact that this method does not 
account for the order-dependence effect 
of load application upon fatigue life nor 
consider the reduction in endurance limit 
which occurs when a material is pre- 
stressed, contributes to the introduction 
of errors in predicting fatigue life when it 
is used. Despite these drawbacks the 
method of cycle ratio summation has the 
overriding advantage of simplicity. It 
would be desirable therefore to devise 
means whereby this basic simplicity is 
retained and at the same time account 
for the deviations from observed behavior 
which occur when a summation of cycle 
ratios is employed to predict fatigue life. 

In order to gain insight into the sim- 
plest types of modifications that can be 
made, it is desirable to consider the ele- 
mentary case in which a series of speci- 
mens are all first subjected to the same 
known prior history and then used to 
determine the “remaining” S-log N 
curve. Examination of the -Palmgren- 
Miner method indicates that it predicts 
that S-log N curves obtained for ma- 
terials with a prior fatigue history will be 
parallel to the S-log N curve of the 
original material. If, however, as predi- 
cated by Henry (8), the prior damage 
consists esientially of the introduction 
of minute cracks which produce an effec- 
tive stress concentration, then it will not 
be expected that the remaining S - log V 
curve will be parallel to the curve for the 
original material. 

It has generally been observed that the 
effect on fatigue life of stress concentra- 
tions introduced into a material by prior 
stressing is less pronounced in the region 
of high stress (low cyclic life) than in 
the region of low stress (high cyclic 
life). Therefore, it might be expected 
that the S-log WN line for a prestressed 
material would tend to converge toward 
the S - log N line of the original material 
in the high stress region rather than re- 


main parallel to it. The point of inter- 
section between the original S-log N 
line and that of the prestressed material 
then becomes an important parameter 
characteristic. 

If the hypothesis of convergence to a 
common point for all prior histories is 
assumed to be valid, an expression for 
predicting fatigue life can be written 
which differs from that of Miner but 
which retains much of the simplicity of 
the basic summation-of-cycle ratio hy- 
pothesis. The effect of prior history then 
becomes expressible in terms of the co- 
ordinates of the common point of inter- 
section, this point being a function only 
of the material, and perhaps of the type 
of fatigue test used in the evaluation. 
Such an expression would have the ad- 
vantage of incorporating the effect of 
order-dependence upon fatigue life. An 
additional expression can be written for 
calculating the amount of reduction in 
endurance limit which occurs when a 
material is prestressed. Limited verifica- 
tion of this convergence concept has been 
obtained by Bennett (10) in a series of 
fatigue studies with X4130 steel, but 
much experimental work is required in 
order to provide adequate substantiation 
of this concept. In addition it is neces- 
sary to derive the necessary analytical 
expressions expressing this geometrical 
relation. 

This paper presents the results of a 
new experimental investigation con- 
ducted with heat-treated SAE 4130 steel 
specimens which were subjected to bend- 
ing fatigue according to a program of 
prior stressing. Since these results tended 
to confirm the convergence of S-log N 
lines at a common point, a method based 
on this concept for predicting the re- 
maining fatigue life of a material sub- 
jected to a complex load history is also 
proposed. This method is shown to lend 
itself equally well to a graphical or 
analytical procedure, and the results of 
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its application to a few simple load his- 
tories provide an indication of its useful- 
ness. 

It should be noted that the proposed 
procedure is based upon observed experi- 
mental behavior and not upon funda- 
mental fatigue mechanisms. As such it 
represents an engineering and not a 
fundamental approach to the problem of 
cumulative fatigue damage. Although 
the procedure is intended for application 
to complex as well as simple prior load 
histories, the scope of the present investi- 
gation is limited to a relatively simple 
prestress regime in bending fatigue. Its 
usefulness for other types of fatigue 
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Pre-stressed 7, Cycles at o; 
restr Cycles at 
Ay Cycles ot ox 


Cyclic Stress, psi 


Log ‘Fatigue Life, cycles 
Fic. 1.—Graphical Representation of As- 


sumed Behavior of a Material Having Under- 
gone Prior Cyclic Stressing. 


tests under conditions of complex prior 
load histories as well as with other mate- 
rials remains to be determined. 
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‘Gaal CUMULATIVE FATIGUE 

The proposed procedure can be ap- 
plied graphically or analytically. The 
graphical application provides a visual 
explanation of the concepts involved 
and will be considered first. 


Graphical Application of Proposed Rela- 


lion: 


Figure 1 provides a graphical repre- 
sentation of the assumed behavior of a 
material that has undergone prior stress- 
ing in terms of S-log N lines plotted 
on a semilog scale. The S-log N lines 
of the variously prestressed material are 


shown to be straight and to intersect the 
original material S-log N line at a 
common point, P. The value of NV at 
this intersection point is then assumed to 
be a constant associated with the mate- 
rial and the condition of testing which 
can be determined by laboratory evalua- 
tion or by approximation. The assump- 
tion of linearity would appear to be 
sufficiently valid for most ferrous mate- 
rials. Although the assumption is not ; 
rigorously correct, it is possible to ap- 
proximate the S-log N curves by 
straight lines without introducing a high 
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Fatigue Life, cycles 
Fic. 2.—Graphical Determination of S-N 


Line After Pre-Stressing 1.65 X 10 Cycles at 
100,000 psi. 


servations show that a similar conver- 
gence and a similar approximation of 
linearity is obtained on log S-log N 
type plots, although the assumed point 
of convergence is different. Additional 
comments regarding this latter method of 
plotting fatigue data will be made later. 

Once the common intersection point is 
chosen, it then becomes a simple matter 
to predict remaining fatigue life after 
any given prestress history has been ap- 
plied. This is illustrated for a simple case 
in Fig. 2. Some material is here shown to 
have been prestressed to 75 per cent of 
its expected life of 2.2 X 10‘ cycles at a 
100,000-psi stress level. The life remain- 
ing to the material at this stress level 
obviously is 25 per cent of 2.2 X 104 
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cycles, or 5.5 & 10° cycles. This point 
may then be plotted as point A in Fig. 2. 
A line drawn through this point and the 
point P represents the remaining fatigue 
life of a material, so prestressed, over the 
complete range of stress levels. This pro- 
cedure can of course be extended to addi- 
tional prestress conditions, if it is borne 
in mind that for a second prestress con- 
dition, remaining life must be deter- 
mined from the S-log WN line PR 


“log Ni/N 
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metric considerations. The detailed deri- 
vation procedure is presented in Appen- 
dix I. The equation describing the 
simplest case, that of a single prestress 
condition, is: 


log N2/Np 
log 
nN; = Ne (: aad *) (1) 
M 


The equation for the general case of any 
number of prestress conditions is: 
jlog (Nins/Np) 


Nr 


Nin 


which describes the behavior of the ma- 
terial after the first prestress condition. 

In Fig. 1 it is assumed that the cyclic 
life to the knee of the S-log WN lines 
(endurance limits) of the variously pre- 
stressed materials will be constant and 
that this value is the same as that which 
obtains at the endurance limit of the 
original material. Although the data show 
that such an assumption is only very 
approximate, its use makes it possible 
without further testing to take into ac- 
count those portions of a prestress his- 
tory obtained at low stress levels. In 
any graphical determination of remain- 
ing fatigue life where a portion of the 
stress history is imposed at a stress level 
below the endurance limit of the pre- 
stressed material, this portion of the 
stress history obviously should not be 
included in the cycle ratio summation. 
Under such circumstances, the fatigue 
life probably is not adversely affected 
since the sample is being stressed in a 
region of infinite life. 


Analytical A pplication of Proposed Rela- 
tion: 


If it is assumed that the S - log N lines 
of the variously stressed materials are 
straight and intersect at a common point 
as described previously, it is possible to 
derive equations expressing cumulative 
fatigue damage by employing simple geo- 


log N2/N log Ni/N 
1 ny N/NP te gN:/NP_ nz Ns/NP ny log (Ni/Np) (2) 
M Nz Ns et aor 


where: 


n = number of cycles applied, 
n, +41 = number of cycles of life remain- 
v ing after i number of prestresses 
(that is, number of cycles of 


_ jife remaining at the i + 1 

stress level), 

N = number of cycles to failure on 
original material S - log N line, 

Np = number of cycles to failure at 


the “best” intersection of S - 
log N lines, and 
Nis, = number of cycles of life accord- 
ing to original material S - log N 
line at i + 1 stress level. 
Although the equations appear at 
first glance to be complicated, they can 
be applied with relative ease. They are 
markedly similar to the equations which 
describe the Palmgren-Miner hypothe- 
sis. When the term, Vp, becomes infin- 
ity, the exponential ratios can be con- 
sidered as unity and the equations revert 
to the form of Miner’s equations. These 
latter equations accounted for the effect 
of a given portion of a complex prior 
load history by adding the cycle ratio 
associated with this portion to the sum- 
mation of the cycle ratios describing the 
remainder of the prestress history. The 
present method alters this process only to 
the extent that before the cycle ratio of 
a given prestress portion is added, the 
systematically modified cycle ratio ex- 


pressing the preceding part ‘of the load 
history is raised to a known exponent. 
The order-dependency effect of load ap- 
plication is taken into account, in con- 
trast to the order independence of the 
Palmgren-Miner procedure. Once the 
constant, Vp, has been determined the 
remaining fatigue life after any number 
of prestress conditions may be readily 
calculated. 


Determination of Best Intersection of S - log 
N lines: 


The evaluation of the constant Np 
represents the only experimental pro- 
cedure required for evaluating the above 
equations. Since the S - log N lines of the 
variously prestressed material are as- 
sumed to intersect in a common region, 
it becomes necessary to establish only 
the S -log WN line for one prestress con- 
dition. The original material S-log N 
line is usually available to designers. 
When experimental facilities are not 
available, an approximation of the con- 
stant, Np, can be made. By employing 
a commonly used approximation (11), it 
appears that a reasonable approximation 
of the value of Vp is possible for steels. 
Reference (11) shows that a material that 
has received prior surface treatment, 
which can be regarded as surface dam- 
age, provides a series of straight converg- 
ing lines on a log stress versus log cycle 
life type plot. These intersect the non- 
treated material line at approximately 
1000 cycles. The data obtained herein 
when plotted as log stress versus log 
cycle life also show the best intersection 
point of the prestressed material lines 
and the original material line to be at 
1000 cycles. The cyclic life at the “best” 
intersection of the S-N lines is higher 
when the data of this investigation are 
plotted as log stress versus log cycle life, 
than when a S-log N (semi-log) type 
plot is used. However, the effect upon 
predicted values of remaining fatigue 
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life by the proposed procedure is not 
marked, whether the constant, Np, 
chosen is 1000 cycles or as low as 100 
cycles. 


Effect of Operation Below Endurance 
Limit of Original Material: 


In summing up the cycle ratios that 
comprise a given prestress history, the 
evaluation of the equations cited poses 
no difficulties when the stress levels in- 
volved lie above the endurance limit of 
the original (not prestressed) material. 
When the stress level is below this limit 
the question arises whether or not this 
particular portion of the prestress his- 
tory should be included. To evaluate this 
consideration properly requires a knowl- 
edge of the location of the new endurance 
limit of the prestressed material. If the 
stress level in question lies below this 
endurance limit, it should not be in- 
cluded, since the fatigue life is probably 
not adversely affected by this particular 
portion of its prestress history. Any im- 
provement in material properties that 
might result from such prestressing is 
not accounted for by the proposed 
theory. It may also be noted that, al- 
though considerable evidence exists 
which shows the improvement in fatigue 
properties by understressing to be a real 
phenomenon, other investigators (12) 
have indicated that such an improve- 
ment can be interpreted as a statistical 
phenomenon based on selectivity. If the 
stress level in question lies between the 
endurance limits of the prestressed and 
original material, this portion of the pre- 
stress history should be included in the 
prestress summation. This is done by 
extending the inclined portion of the 
original material S- log N line, reading 
off the expected life at that stress level, 
and using this value to determine the 
cycle ratio, n/N, for inclusion in Eq 2. 
The reason for this procedure is appar- 
ent from a consideration of the deriva- 
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tion of the equations for calculating the 
endurance limits. 

The endurance limit of a prestressed 
material can be calculated fairly readily 
if the assumption previously cited (that 
is, the cyclic life to the knee of the S - log 
N lines for the variously prestressed ma- 
terials is constant and this value is the 
same as that which obtains at the endur- 
ance limit of the original material) is 


made. This is done in Appendix II where 
equations for predicting the endurance 
limits of prestressed materials are de- 
rived. For the simplest case of a single 
prestress the equation is: 


(cp — 


1 
Ni/Np 


.(3) 


‘ 7 j For several prestress cycle ratios, a 
more general equation can be written: 


1-— 
+ tog ( 
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Fic. 3.—Fatigue Specimen. 


Both equations are expressed in terms of 
similar parameters to those used in Eqs 
1 and 2; cycle ratios, the constant, Vp, 
and the term oz,o, the initial endurance 
limit. 

EXPERIMENTAL PROCEDURE 
Materials: 

Electric-furnace-melted, heat-treated 
SAE 4130 steel specimens were sub- 
jected to bending fatigue in R. R. Moore 
rotating-beam fatigue machines. A sketch 
of the specimens used is shown in Fig. 3. 

_ The material was solution treated for $ 
hr at 1700 F, water quenched, annealed 
for $ hr at 1200 F, and air-cooled to room 
temperature. After heat treatment, the 
test specimens were machined. The test 


(tabi section of each was machined to within 


0.003 in. of the final dimension shown in 


_ Fig. 3 and machine polished with abra- 


sive cloth of three grit sizes (320, 400, 
and 500) to attain the final dimension. 
Approximately 300 specimens were em- 
ployed in this investigation. 

Several inspection procedures were 
employed during various stages of test 
specimen preparation. Specimen blanks 
were first subjected to an ultrasonic in- 
spection to sort out those with gross in- 
ternal imperfections. After final polish- 
ing the specimens were subjected to an 
oil emulsion inspection (Zyglo). The final 


(cp — 


log N2/Np 


nal material, 
Subscripts EZ, 1 E, i = endurance limit 
after first prestress, and any 
specified prestress, respectively. 


where: 

¢ = applied cyclic stress, 

¢z,0 = Stress at endurance limit of origi- 


log Ns/Np log N«/Np 
nig flog Ns/Np \log Ns/Np her 
Nz N; » 
) log Ni/Np 1 
n; flog Ni/Np (4) 
Ninf Ni 


inspection consisted of a macroscopic 


_-——s« examination using a binocular microscope 


(X20). This inspection was made over 

} in. of the test section. All specimens 

containing more than 30 pits in this re- 

gion were rejected because preliminary 

operation indicated that an unusually 
ye 
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high incidence of premature failure re- 
sulted when such samples were used. 
After final inspection all specimens were 
coated with a thin protective oil film to 
avoid atmospheric corrosion. 


Tests: 


Tests were conducted at 5000 rpm 
(+30 rpm). A specimen run-out no 
greater than 0.001 in. full indicator read- 
ing was permitted upon installation into 
the fatigue machines. To determine the 
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completed, the load of the machine was 
changed and the test continued to failure. 

The endurance limit was determined 
in several instances. The number of 
specimens available for these determina- 
tions was limited. The method consisted 
of conducting tests at close intervals 
(1000 psi) in the assumed region of 
the endurance limit. For the prestressed 
material S - log N lines, the samples were 
first prestressed, and those which did 
not fail in prestressing were subse- 
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Fic. 4.—Comparison of S - log N Lines for Original and Pre-Stressed SAE 4130 Heat Treated 
Material. Cyclic Pre-Stress Conditions were at 100,000 psi. Median points shown in all cases. 


inclined portion of the S-log WN line of 
the original material, three groups of 
specimens were run to failure: one at 
120,000 psi, one at 100,000 psi, and one 
at 85,000 psi. To determine the S - log NV 
lines for various prestress conditions, 
specimens were first selected for opera- 
tion to failure at a particular stress level. 
Then each specimen was operated for a 
prescribed number of cycles at a speci- 
fied stress to achieve the desired prestress 
condition. A variety of single prestress 
conditions were considered at 100,000 
psi. For this stress, 1.7 X 10, 1.4 X 104, 
and 1.0 X 10 prestress cycles were ap- 
plied. Once the prestress operation was 


quently used to determine the endurance 
limit. 
EXPERIMENTAL RESULTS 


Approximately eleven data points were 
obtained at most of the stress levels con- 
sidered in arriving at the S - log N lines. 
Figure 4 shows only the median data 
points. Use of the median was consid- 
ered to be more significant than use of 
the mean because of the unsymmetrical 
distribution of fatigue life values. Also, 
since prestress failures do occur in some 
instances, the average or mean value of 
life would be affected out of proportion 
to the significance of a prestress failure. 
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Fic. 5.—Comparison of S-log N Lines Obtained by Proposed 
Palmgren-Miner for Several Pre-Stress Conditions. 

(a) Pre-stress condition, 1 X 10* cycles at 100,000 psi. 

(6) Pre-stress condition, 1.4 X 10‘ cycles at 100,000 psi. 


<¢) Pre-stress condition, 1.7 X 10‘ cycles at 100,000 psi. 


Procedure and by Method of 
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Use of the median is recommended in 
reference (13) as well. 

The lines drawn through the data 
points on Fig. 4 converge and intersect 
at 100 cycles and a stress of 156,000 psi. 
The common intersection point lies upon 
the original material S-log N line. A 
gradually steeper slope is evident as the 
number of prestress cycles is increased. 
The increasing slope indicates a de- 
creasing remaining fatigue life as might 
be expected. 

Also shown in Fig. 4 are the data 
points obtained to locate the endurance 
limits of the original as well as the pre- 
stressed material. These are shown 
blocked in. Only limited data were ob- 
tained to establish these endurance lim- 
its and their location is therefore only 
approximately defined. However, the 
data do provide some basis for the as- 
sumption that the endurance limits of 
the variously prestressed materials fall 
in line at a constant value of cycle life, 
used in the derivation of Appendix II. 
It may be that additional determina- 
tions will indicate that the prestressed 
material endurance limits do not line up 
as postulated, but rather that they occur 
at successively smaller values of cycle 
life as suggested by the 1.7 X 10‘ cycle 
prestress data. In that case, it would 
still be possible to derive mathematically 
an expression for predicting such en- 
durance limits, using a more probable 
assumption regarding the locations of 
the endurance limits. 

A comparison of the S-log WN lines 
obtained by the proposed procedure and 
by the method of Palmgren-Miner is 
shown in Fig. 5. The deviation of the 
prestress data from the prestressed ma- 
terial S-log N lines defined by Palm- 
gren-Miner is also shown in this figure. 
The 1.7 X 10* cycle prestress data illu- 
strate rather well the converging effect, 
which is the major premise of the pro- 
posed procedure. The data for the other 
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two prestress conditions are not nearly 
as conclusive. This emphasizes the fact 
that additional verification of the pro- 
posed procedure is required for other 
prestress histories as well as other mate- 
rials. 


DISCUSSION 


If predictions of remaining fatigue life 
were made for the prestress conditions 
considered in this investigation by the 
proposed procedure and by that of 
Palmgren-Miner, a considerable differ- 
ence would be noted between the results 
obtained by each method. This is ap- 
parent from an examination of Fig. 5. 
The deviation of the data points from 
the line of Palmgren-Miner is obviously 
greater than from the S-log WN line 
describing the proposed procedure. The 
1.7 X 10‘ cycle prestress condition shows 
this most markedly. 

Of course it should be recognized that 
Miner (7) limits the application of his 
method to aluminum and to the region 
above the endurance limit of the original 
(nonprestressed) material. Miner’s 
method has, however, been applied by 
designers to other materials. In such 
applications it generally affords a sim- 
ple means of indicating an order of 
magnitude type of result, when fatigue 
life predictions are confined to the region 
above the original material endurance 
limit. When Miner’s method is applied 
to regions below the endurance limit of 
the original material, after a prior stress 
history has been imposed above this en- 
durance limit, predictions of remaining 
fatigue life can lead to considerable error. 
For example, at all stresses below the 
endurance limit of the original material, 
infinite life would be predicted by Miner’s 
method since it does not provide for the 
decrease which occurs in the endurance 
limit of prestressed material relative to 
that of the original material. That infinite 
life is not obtained experimentally is ap- 
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parent from Fig. 4, which clearly shows 
a reduction in the endurance limits of 
variously prestressed materials. It should 
be noted, however, that the procedure 
suggested herein for calculating the new 
endurance limit of prestressed material 
can also be applied in conjunction with 
Miner’s summation-of-cycle ratio proc- 
ess. If this is done, the S - log N line of 
the prestressed material as predicted by 
Miner’s hypothesis can be extended to a 
point which falls on a line of constant 
cyclic life, along which the endurance 
limits of the original and the prestressed 
material are assumed to fall. As a conse- 
quence, the usefulness of Miner’s method 
could be considerably improved. 

The method of Henry (8) has also been 
mentioned as one which was readily 
applicable for predicting fatigue life. 
Henry suggests that prior stressing pro- 
duces an effective stress concentration in 
a material which persists throughout 
subsequent operation at different stress 
levels. The application of this concept in 
predicting remaining fatigue life of ma- 
terials which have been prestressed re- 
sults in a series of lines on semilogarith- 
mic paper which diverge from the line 
expressing the S-log N relationship of 
the original material (not prestressed) at 
the higher stresses. It should be recog- 
nized that other investigators (14,15) 
have, in a few instances, shown a some- 
what similar divergence (at the higher 
stresses) of the S-log N lines obtained 
for notched and unnotched materials. In 
some of these cases although divergence 
occurs at extremely high stresses (above 
tensile strength of material), the S - log NV 
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lines nevertheless intersect near the ten- 
sile strength of the materials in question. 
In others, there does not appear to be an 
intersection, although a slight conver- 
gence is noted at the lower stresses. These 
results merely serve to emphasize the 
need for additional experimental fatigue 
investigations. It remains to be seen 
whether the proposed procedure can be 
applied in those instances where the 
S - log N lines converge at lower stresses 
(higher cyclic lives). Many more condi- 
tions of prior stressing as well as other 
materials must be investigated in order 
to make conclusive judgments as to the 
validity of the proposed procedure, even 
for ferrous materials. Additional tests are 
also required before its applicability to 
cumulative damage engendered by fa- 
tigue tests other than alternating bend- 
ing can be ascertained. The significance 
of the constant Np should also be de- 
termined in order to find out whether it 
is related primarily to the type of mate- 
rial, the type of tests employed, or the 
type of specimens employed (notched or 
unnotched). Despite a lack of under- 
standing regarding these factors, the data 
presented together with those already 
obtained by Bennett (10), suggest that 
the procedure proposed herein gives 
promise of becoming a useful design tool. 
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APPENDIX I 
= ah DERIVATION OF EQUATIONS FOR EXPRESSING 
4ind CUMULATIVE FATIGUE DAMAGE ofl 


In deriving an expression for remaining 
fatigue life after prestressing, the simplest 
case to be considered is that for the condition 


of a single prestress. Utilizing the nomencla- 
ture of Fig. 6, it is apparent that the ratio of 
distances BC to EF equals that of AC to 
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Fic. 6.—General Location of S - log N Lines 
for Original Material and Material Subjected to 
a Single Pre-Stress Condition. 
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Fic. 7.—General Location of S - log N Lines 
for Original Material and Materials Subjected to 
a Single and Double Pre-Stress Condition. 


DF. Expressed in terms of the variables 
plotted, this ratio becomes: 


log Ni — log (Ni — m) Phi | 
log N2 — log 
ways log Ni — log Np 
Ns — tog 
P 


By a series of algebraic manipulations such 
as the following, the final simplified form of 
the equation may be obtained: 
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ol log log Ne 
» 
Line 
| m los / logy 
M 
S-N Line ofter or 
NM Single Pre-st 1 
Ne Single Pre-stress log 8 
Log ™ cycles = . (AS) 
1 


which expresses the number of cycles of life 
remaining, #,,2, at stress, o2, after the ma- 
terial has been prestressed, m, cycles at 
stress, 0) . 

The equation for the conditions of two or 
more prestresses is merely an extension of 
Eq (A5) and may readily be obtained by 
compounding the foregoing procedure. Uti- 
lizing the nomenclature of Fig. 7 it is seen 
from the relation between similar triangles 
that the distance ratio BC to DF equals that 
of CG to FH. In terms of cycle ratios this 
can be written as 


log N2 — log (m-,2 — m2) 


log N3 - log Nr 


log Nz — log Np 


. (A6 
log Np (46) 


log Ng — 
Simplifying and transposing gives: 


..(A7) 


Np 
Substituting Eq (A4) into Eq (A7) gives: 


log N2/Np 
log m log Ni/Np 
N2 


N2 

Np 
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This equation can be rewritten in the form and expresses the fatigue life remaining in 
of Eq (A5) as: terms of the ratio, 2,,,/N3 , at a third stress 
level, o3, after the material has been pre- 


log N2/Np stressed for, m , and m2, cycles at two stres- 
m, \log Ni/Np ses, 0; , and a2. 
NA es ~ M A general expression for any greater num- 
ber of prestress conditions can now be 
log Ns/Np deduced from consideration of Eqs (A4) and 
H # Ab N:/Np (49) (A9). This general expression may be written 
N2 . as follows: 
log N2/Np N:/Np log Ni/Np log Nis:/Np 
(: m log Ni/Np ny log N2/Np ms log ni log Nis/Np_ ..(A10) 
Nin | M Ne Ns; Ni 


APPENDIX II 
DERIVATION OF EQUATIONS TO PREDICT ENDURANCE LIMIT STRESS 
Expression for Condition of Single Prestress: op—og, log Ng — log Np 


.. (B1) 
The derivation of the endurance limit op—r.90 log mr,2 — log Np 


stress after prestressing for a known number Letting N; = Nx in Eq (AS) from Appen- 
of cycles is based primarily on the assump- din 

tion that the horizontal portion of the S - log : 

N line for any prestress condition will begin log n,,2 = log Nz 

at the same number of cycles, Vg, as it 


(log Nz — log Np) ny 
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Fic. 8.—Illustration of Original Material and Fic. 9.—Illustration of Original Material and 
Single Pre-Stress Endurance Lines Used to De- Double Pre-Stress Endurance Lines Used to De- 
rive Equations for Predicting Endurance Limit termine Equations for Predicting Endurance 
Stress. Limit Stress. 


does for the original material S-log N line. Substituting this expression into Eq (B1) 
From the geometry of similar triangles and cancelling the common terms (log 
PBC and PDE in Fig. 8 the following pro- Ng — log Np) from numerator and de- 

rtionality can be written: nominator yield: 


po 


‘ 
| 
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op — OR, 1 Substituting this expression into Eq (BS) 
= .(B3) d 

op — ¢n.0 nm and cancelling the common terms (log 
log { 1 — Nez — log Np) from numerator and de- 
oo 1+ nominator yield, 

M 
log — 

Solving for the endurance limit after a 

(ep — ez.0) 1- my log Ni/Np _ te 
- . M Ne} 
wera 1+) 1 my log Ni/Np Ne 
og log Np 
Expression for Condition of Two or More Pre- 


stresses: 


From the geometry of similar triangles 
PBC and PDF in Fig. 9 the following pro- 
portionality can be written: 


op — 


log Nz — log Np 
log — log Np 
= Nz in Eq (A9) 


. 


op — 
If it is assumed that N3 
of Appendix I, then, 
(log Nz — log Np) 
(log N2 — log Np) 
log N2/Np 


[ J 
a, \log Ni/Np No 
log | (1 =|. .(B6 


log n,,3 = log Ne + 


Solving for the endurance limit og,2 after 
two prestress levels of m and 2 cycles gives, 


ta 


log N2/Np 


log Ni/Np _ 
1+ lo 1- — 


A general expression for any greater num- 
ber of prestress conditions can now be de- 
duced from consideration of Eqs (B4) and 
(B8). This general expression can be written 
as follows: 


log Ne/Np 


op — 
| 
log Ni/N 
1+ log}. (1-2) /Np 
| M 


war 9 
4 


(cp — oz.0) 
“log Na/Np log Ns/Np 
jlog N2/Np nz \log N3/Np 
N2 


Ns 

log Ni/Np 

. .(B9) 
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ultimate tensile strength of 133,800 psi, 
using polished specimens in rotating bend- 
ing. Although TN 4284 covers tests at 
room temperature and at elevated tem- 
peratures, the room-temperature tests 
were the only ones used to check the pro- 
posed method. A value of VN, = 1000 
cycles was used, as suggested in the 
authors’ paper. 

The accompanying Tables I and II 
give the predicted lives by the Miner- 
Palmgren method, Henry’s method, and 
the proposed method along with the test 
results. It can be seen that the proposed 
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method always gives an answer inter- 
mediate between the answers obtained 
by using Miner’s and Henry’s methods. 
In general, Henry’s method seems to 
give answers closer to the test results, 
with the life predictions by Henry’s 
method falling within the test scatter 
range more often and the per cent devia- 
tion from the median test values being 
less than for the other two methods. 

It should also be noted that neither 
Henry’s method nor the proposed 
method can be used to predict the fatigue 
life of an actual structure in service when 
the loads are applied in a random man- 
ner. The major usefulness of the methods 
seems to be in providing understanding 
of results obtained in laboratory tests. 

Mr. J. C. FRECHE (author) —The au- 
thors wish to thank Mr. Benedicto for 
bringing up a subject which affords an 
opportunity to emphasize the differences 
between the proposed procedure and 
those of Miner and Henry. It was, in 
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TABLE I.—NACA TN 4284 TEST DATA (ROOM TEMPERATURE). iat 
Comparison of Test Lives with Various Predictions. 


Test Data Predicted 2n/N 
Si, psi Sz, psi m/Ni Miner Henry 
Min Max Avg Median 
80 0006 88 000 0.250 0.999 1.268 1.134 1.134 1.000 1.160 1.037 
80 000 88 000 0.500 1.434 1.561 1.481 1.466 1.000 1.271 1.061 
80 000 88 600 0.750 1.114 1.544 1.374 1.420 1.000 1.279 1.065 
88 000 80 000 0.250 0.619 0.817 0.740 0.767 1.000 0.718 0.958 
88 000 80 000 0.500 0.631 0.957 0.829 0.87 1.000 0.733 0.935 
88 000 80 000 0.750 0.873 1.463 1.107 1.046 1.000 0.840 0.940 
82 000 94 000 0.250 0.837 1.198 0.940 0.862 1.000 1.150 1.059 
82 000 94 000 0.500 0.792 1.267 1.031 0.982 1.000 1.246 1.101 
82 000 94 000 0.750 0.954 1.176 1.080 1.094 1.000 1.247 1.11) 
94 000 82 000 0.250 0.504 0.883 0.652 0.611 1.000 0.750 0.926 
94 000 82 000 0.500 0.539 0.752 0.655 0.665 1.000 0.753 0.890 
94 000 82 000 0.750 0.760 1.025 0.870 0.848 1.000 0.851 0.902 


Nore.—All tests on 4130 steel heat treated to MIL-S-6758, condition F5 (ultimate tensile 
strength, 133.8 ksi). Smooth specimens in rotating-beam fatigue. 


Cycled at S; to give required value of n/N; , and then cycled to failure at S,. Four specimens q 
tested in each group. 


TABLE II.—NACA TN 4284 TEST DATA (ROOM TEMPERATURE). 
3-Step and 5-Step Test Results and Predictions. 


Test | Si,psi | Ss,psi | Ss,psi | Se, psi | Ss, psi | | 
a 82 000 | 88 000 | 94 000 oe Sar 0.300 0.300 | to failure aon 
re 94 000 | 88 000 | 82 000 eae oe 0.300 0.300 | to failure "Pe 
ee 82 000 | 85 000 | 88 000 | 91 000 | 94 000 | 0.200 | 0.200 0.200 0.200 ‘ 
Sr 94 000 | 91 000 | 88 000 | 85 000 | 82 000 | 0.200 | 0.200 0.200 0.200 
Beads oe 80 000 | 88 000 | 80 000 | 88 000 | 80 000 | 0.200 0.200 0.200 0.200 - 
Test Resutts 
from Test Predicted En/N 
Test 

Specimens Min Max Avg Median Miner Henry |ASTM Paper 7 
3A... 4 1.346 1.854 1.644 1.688 1.000 1.218 1.093 
Mess. cutis 4 0.769 0.818 0.787 0.781 1.000 0.785 0.905 
ee 5 0.893 1.353 1.107 1.032 1.000 1.207 1.091 
5 0.7384 0.996 0.875 0.907 1.000 0.841 0.915 
5C.. 4 0.728° 0.917 0.846 0.869 1.000 0.928 0.981 


* Two out of five specimens failed in fourth step. 
’ One out of four specimens failed in fourth step. 
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fact, the recognition of certain limitations 
in the latter’s method that led to this 
research program. In order adequately to 
consider Mr. Benedicto’s comments, two 
general considerations must be discussed. 
The first deals with the basic implications 
of the Henry method. The second deals 
with the suitability of the specific data, 
that of TN 4284, chosen by Mr. Bene- 
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same life as that which remains after 
prestressing. The effect of this assump- 
tion upon the cyclic stress, cyclic life re- 
lationship of prestressed material relative 
to that of the original material is illus- 
trated in the accompanying Fig. 10. The 
original material data and the 100,000 
psi, 1.7 X 10* cycle prestress data ob- 
tained in the present investigation are 
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Fic. 10.—Effect of Constant Stress-Concentration Factor on Prestress S-N Line Using a Log-Log 


and a Semilog-type Plot. (Data from this investigation.) 
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Fic. 11.—Original Material Data from NACA TN 4284 Showing Cyclic Stress and Cyclic Life 
Relation Expressed by Henry’s Equation and by Straight Line. 


dicto for comparing the methods in 
question. 

Consider first the basic concepts under- 
lying Henry’s method. Henry suggests 
that an effective stress concentration 
factor is introduced by initially pre- 
stressing a material. This factor is con- 
sidered to be constant over the entire 
applied stress range. It may be defined 
as the ratio of the prestress level to the 
stress level which must be applied to the 
original material in order to obtain the 


used. When these data are plotted on a 
semilog scale and the original material 
cyclic stress - cyclic life relation is ex- 
pressed by a straight line, that of the pre- 
stressed material is a straight line also, 
which diverges from the original mate- 
rial line at the higher stresses. On a log- 
log type of plot, parallel lines result. The 
former case is exactly contrary to the 
data obtained both by the authors and 
by Bennett (reference (10) of the paper), 
who show that a convergence takes place 


= 
/ 
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at the higher stresses. The latter case, 
parallelism of log S - log N lines, is simi- 
lar to the results obtainable by Miner’s 
hypothesis and is closer to what experi- 
mental data show, yet still not ultimately 
correct. 

Another assumption introduced by 
Henry which must also be considered is 
that a hyperbolic form of equation de- 
scribes the fatigue behavior of the origi- 
nal material. This evidently is not the 
case for many materials. That it is not so 
for 4130 steel, fatigue tested in rotating 


130x103 


8 


Cyclic Stress, psi 


103 10* 108 106 io? 
Life, cycles 


Fic. 12.—S-N Curves by Henry’s Method 
and by Proposed Method for Original Material 
Data and for One Prestress Condition. (Data 
from NACA TN 4284.) 


bending, is evident from Fig. 4 of this 
paper. The original material data of TN 
4284, also for 4130 steel and referred to 
by Mr. Benedicto, are plotted here in 
Fig. 11. Both a semilog and a log-log 
type scale were used. It is evident that a 
straight line and not a hyperbola best fits 
the data in each case. 

The method of Henry combines these 
assumptions in deriving the equations for 
damage incurred. by prestressing. ‘These 
equations were applied to predict the 
cyclic stress - cyclic life relationship for 
the prestress conditions of TN 4284 cited 
by Mr. Benedicto and the results are 
shown in the next two figures. 


Figure 12 illustrates the 75 per cent 
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prestress condition at 80,000 psi followed 
by operation to failure at 88,000 psi. It is 
again evident that a straight line and not 
a hyperbola best describe the original 
material data. Also, the S -log N curve 
for the prestressed material, as predicted 
by Henry’s method, converges with and 
eventually crosses the straight line which 
best fits the original material data. That 
the linearity of the original material data 
persists to much higher stress levels with 
this material is indicated by our data 


Cyclic 


108 10” 


Life, cycles 


Fic. 13.—S-N Curves by Henry’s Method 
and by Proposed Method for Original Material 
Data and for One Prestress Condition. (Data 


' from NACA TN 4284.) 


(Fig. 4 of this paper) up to 120,000 psi. 


Thus, at higher stress levels, yet well 
below the ultimate strength of the mate- _ 
rial, Henry’s method predicts a value of © 
fatigue life as long, or longer, than that 

expected for the original material. Figure : 

13 indicates that a similar situation oc- _ 
curs for the other prestress condition — 
cited by Mr. Benedicto from the data of — 


TN 4284. The S-log NW line for the 


prestressed material as predicted. by — 


Miner’s method has not been included 


on these figures for the sake of clarity. — 
It would lie parallel to that of the orig- 
inal material and pass through the point | 


of prestress. From the foregoing com- 
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parisons, it may be concluded that the 
method of Henry has a limited range of 
applicability, and is most useful in the 
region near the knee of the S-log NV 
curve. 

The second general consideration 
which should be discussed is the suit- 
ability of the specific data chosen by 
Mr. Benedicto in comparing the various 
methods of predicting fatigue life. It will 
be noted from Fig. 13 that at the point 
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given stress level after prior stressing. 
The fact that a comparison can only be 
made at a single stress level after pre- 
stressing further limits the usefulness of 
this comparison. It would appear then 
that the data of TN 4284 are not a suit- 
able vehicle for comparing the validity 
of these methods of predicting fatigue 
life. A more meaningful comparison may 
be obtained using the data of this in- 
vestigation, in which the prestressed 
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Fic. 14.—S-N Curves by Henry’s Method and by Proposed Method for Original Material Data 
and One Prestress Condition. (Data from this paper.) 


of operation to failure, the prestressed 
material S-log N curve, as predicted 
by Henry’s method, falls about halfway 
between the 4 data points plotted. That 
of the proposed method falls a little to 
the right of Henry’s curve. In this case, 
as well as that shown in Fig. 12, the de- 
gree of scatter and especially the limited 
number of data points involved make it 
difficult to determine the degree of agree- 
ment or lack of it between theory and 
experiment. It should be noted that the 
authors found that considerably more 
than 4 data points were required to ade- 


quately determine fatigue behavior at a 


= 


material was operated to failure over a 
complete range of stress levels. This 
comparison is made in Fig. 14. The 
100,000 psi prestress condition for 1.7 X 
10* cycles was chosen. The generally good 
agreement of the proposed procedure 
with experimental data over a complete 
range of stress levels is markedly evi- 
dent, as is the limited range of applica- 
bility of Henry’s method. 

In regard to Mr. Benedicto’s final 
comment that neither Henry’s nor the 
proposed method can be used to predict 
the fatigue life of an actual structure in 


service when the loads are applied in a 
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random manner, it should be noted that 
an approximate knowledge of the ran- 
dom load likely to be encountered in 
actual service will permit calculation of 
the remaining fatigue life by the pro- 
posed method. It will be recalled that 
Eq 2 of the paper describes the general 
case for any number of prestress con- 
ditions. This equation accounts for the 
effect of the order-dependency of load 
application, and any load pattern may 
be inserted and remaining life calculated. 
For a complex load history, use of mod- 
ern computing methods would make 
such a calculation a relatively easy one. 

Mr. CLARENCE R., Situ.2—Although 
good correlation is shown by the authors 
for smooth specimens, for a full-scale 
structure, the stress at a concentration 
suffers plastic deformation on a high 
load so that subsequent loading is not a 
function of the load level but some other 
value which considers the residual stress 
caused by localized yielding. Also, for a 
complete structure, say, in a riveted 
joint structure, reversal of load does not 
reverse the stress but introduces repeated 
stresses, not necessarily of the same 
magnitude. I think the method proposed, 
if used with true stress at the concentra- 
tion, shows great promise. The fact 
that a good correlation was obtained on 
the smooth specimens does not mean 
that we could predict the life of a full- 
scale structure without a lot more knowl- 
edge as to the actual stress occurring at 
points of concentration. 

Mr. FREcHE.—The authors recognize 
that the experimental conditions of the 
present investigation are not necessarily 
indicative of actual structural applica- 
tions. This is particularly true with re- 
gard to the loading spectra applied as 
well as the unnotched type of specimens 
employed. However, the simplified type 


2 Design Specialist, Convair, Division of Gen- 
eral Dynamics, San Diego. Calif. 
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of test conducted in the present inves- 
tigation certainly sets forth the mini-— 
mum requirements that the proposed 
method must satisfy. 

Further investigation is obviously 
needed to establish the usefulness of the — 
proposed method, particularly with re- 
gard to its application to full-scale struc- 
tures. For example, it is necessary to 
determine the significance of the con- 
stant, Vp, in order to establish whether | 
it is related primarily to the type of 
material or the type of fatigue loading. 
Equally important is the need to con- 
duct fatigue studies with other types of 
materials. Also, it is necessary to in- © 


vestigate other conditions of fatigue 


loading and loading spectra such as 
might be encountered in a full-scale 
structure with attendant stress concen-— 
trations. Only then can the applicability _ 
of the proposed method to a complex 
type of structure such as that mentioned | 
by Mr. Smith be established. 

Mr. C. E. Worx.'—The idea of ex- 
pressing cumulative damage in fatigue 
by a new relation which is simple enough 
to be of practical use and yet free from 
some of the basic weaknesses of the com- _ 
monly used Palmgren-Miner procedure 
is worthy of serious consideration. Man- | 
son and his associates have presented a _ 
very interesting and convincing case for 
the method they propose. In particular, 
the idea “that the S-log N line for a 
prestressed material would tend to con- — 
verge toward the S-log N line of the 
original material in the high stress re- 
gion” is one that seems well founded in 
fact. 

The location of that point of con- 
vergence may not, however, be as simple 
as assumed by Manson and his col- 
leagues. Evidence obtained in the labora- 
tories of the Michigan College of Mining 

3 Professor and Head, Department of En- 


gineering Mechanics, Michigan College of Min- 
ing and Technology, Houghton, Mich. 
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and Technology‘ provides an additional 
opportunity to test this assumption. 
The experiments were on SAE 4340 steel 
specimens subjected to rotating bending 
in a Krouse high-speed cantilever fatigue 
testing machine. The steel was heat 
treated to a tensile strength of 156,000 
psi with a yield point of 145,000 psi. 
The procedures used were described in a 
paper presented to the Society in June, 
1961.5 

Figure 15 shows the original S-N line 
and damage lines for four sets of speci- 
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chosen as halfway between what he con- 
siders the extremes of possible interpreta- 
tion; that is, it seems unlikely that in- 
dividual judgment in interpreting these 
data could possibly differ more widely 
than Pj, at = 182,000, VN = 18 X 
10°, and Pj at ¢ = 156,000, VN = 1.3 X 
10°. 

The data for 35 per cent cycle ratio 
plotted in Fig. 16 appears to intersect 
at a lower point P35 at ¢ = 148,000 psi, 
N = 2.9 X 10° chosen as midway be- 
tween Pj, at ¢ = 162,000, N = 9.6 X 


10° 10° 10* 10° 
~ N Coordinate of Convergence Point 


Fic. 17.—Variation of the Point of Convergence of S - log N Lines with Prestress Cycles. 


mens prestressed to 70 per cent cycle 
ratio at stresses 12.5, 25, 37.5, and 50 
per cent above the virgin endurance 
limit respectively. Each point plotted 
represents the antilog of the mean log- 
arithm of life of fifteen specimens. Esti- 
mation of the best intersection of the 
lines, if done by eye, is subject to con- 
siderable personal judgment. For the 
70 per cent cycle ratio prestress the 
writer selected a point Pz) at ¢ = 169,- 
000, V = 4.8 X 10°. This point was 

4W. H. Erickson, “A Quantitative Evalua- 
tion of the Damage Produced in SAE 4340 
Steel by Repeated Stressing,” M.S. Thesis, 
Department of Engineering Mechanics, Michi- 
gan College of Mining and Technology, 60 pp. 
(1960). 

5 W. M. Erickson and C. E. Work, “A Study 
of the Accumulation of Fatigue Damage in 
Steel,’”’ see p. 704, this publication. 


10° and Py, at ¢ = 134,000, N = 8.8 X 
10° which appear to be the most diver- 
gent points which could possibly be 
considered for intersection of the 35 per — 
cent cycle ratio data. - 
Data for 15 per cent cycle ratio and 
5 per cent approach the virgin S - log NV 
line and, in fact, overlap and cross it to 
the extent that the possibility of select- 
ing a single point of convergence is ques- 
tionable. However, on a graph plotted | 
for 15 per cent cycle ratio prestress, not 
presented here, an intersection point — 
Ps with coordinates ¢ = 127,500 psi 
and N = 1.6 X 10 was chosen. Over- | 
lap was so extensive for the 5 per cent 
cycle ratio of prestress that it did not 
seem practical to attempt to define an 
intersection point for the 5 per cent data. 
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A general trend, however, seems to be 
apparent and consists of a shifting of the 
point of convergence toward lower 
stresses and longer life as the cycle ratio 
of prestress is increased. This trend is 
illustrated in Fig. 17 by the heavy me- 
dian curve shown. Two other lighter 
lines outline a scatter band representing 
the widest differences of opinion imagi- 
nable in interpreting points of con- 
vergence of the S - log N lines. 

The NASA tests utilized cycle ratios 
of 50, 70, and 85 per cent which were 
somewhat higher than those in the Michi- 
gan Tech experiments. It is not surpris- 
ing that the intersection point for the 
Michigan Tech 70 per cent cycle ratio 
tests were most nearly in agreement 
with the NASA results. The NASA 
stresses were about 17, 38, and 65 per 
cent above the endurance limit, some- 
what higher with respect to the en- 
durance limit than the Michigan Tech 
spectrum of stress levels. These stress 
levels were chosen to cover uniformly 
the range from the endurance limit up 
to about 90 per cent of the yield point 
of the steel being used. Appreciably 
higher stresses would have been expected 
to exceed the static proportional limit 
and thus leave stress calculations in 
bending open to question. Static prop- 
erties of the NASA steel were apparently 
not reported. 

The influence of prestressing on en- 
durance limit is now being investigated 
as an extension of the Michigan Tech 
research. Information about the life at 
which the knee in the S-log N curve 
occurs will be available when these ex- 
periments are completed. Although en- 
durance limit tests are very time-con- 
suming, even in high-speed machines, it 
is hoped that this work may be com- 
pleted in time for presentation before the 
Society in 1962. 

Mr. FRECHE.—The authors welcome 
the added corroboratory evidence for 
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the S-log N line convergence concept 
provided by Professor Work’s data. With 
regard to Professor Work’s comment as 
to the actual location of the point of con- 
vergence, it would appear from his data 
that it does indeed shift toward lower 
stresses and longer life as the cycle ratio 
of prestress is increased. The authors do 
not have sufficient data either to verify 
or contradict Mr. Work’s conclusion on 
this point. However, the significant ques- 
tion at issue is not the exact location of 
the point of convergence. It is rather 
whether or not it is possible to select 
readily a common convergence point 
that allows a satisfactory representation 
of the data to be made. 

The authors recognize that the pro- 
posed method suggests what is essentially 
a gross approximation of the actual 
fatigue behavior of materials. For ex- 
ample, the choice of straight lines for 
describing the behavior of a material 
that has undergone prior stressing, made 
in the derivation of the proposed rela- 
tion, is not rigorously correct. Since it is 
possible to so approximate the S - log V 
curves of many materials without sacri- 
ficing significant accuracy, the approxi- 
mation was made to simplify the deriva- 
tion of the equations. It should be noted 
that such a derivation could also have 
been made and the same relation would 
have resulted if linearity would have 
occurred on any coordinate system of 
stress versus log NV. 

The choice of the common convergence 
point of the S-log N lines should be 
viewed in the same vein. It will be re- 
called that the authors suggest the com- 
monly used approximation of their 
reference (11) to arrive at a reasonable 
value of Np for steels when experimental 
facilities are lacking. This reference in- 
dicates convergence of the log S- log N 
lines for variously surface treated (sur- 
face damaged) steels at approximately 
1000 cycles. The data of the present in- 
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vestigation, when plotted on a log-log fatigue life after prior stressing in rotat- 
scale, similarly result in convergence at ing bending with SAE 4130 steel indicate 
1000 cycles. The latter value would thus that the choice of the point of conver- 
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(a) Common intersection point; 1000 cycles. 
af (b) Common intersection point; intersection of original material S - log N line and line drawn 
through data representing remaining life at the highest and lowest stress considered after prestress- 
ing 70 per cent at 127,900 psi. 

(c) Common intersection point; average of the convergence points selected by Professor Work 
for the 35 per cent and the 70 per cent prestress conditions. : 


Fic. 18.—Convergence of S - log N Lines for 70 per Cent Cycle Ratio Prestress. 


appear to be a reasonable choice when gence has no marked effect upon pre- 
experimental facilities are lacking. Fi- dicted life when Np is chosen as 1000 
nally, it should be noted that calculations _ cycles, or as low as 100 cycles. Thus, the 
by the proposed relation of remaining user of the proposed relation should 7 
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have a rather wide latitude in the matter 
of selecting the convergence point, Vp. 
Although Professor Work’s data in- 
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convergence points obtained by various 
approximations. Only the 70 and the 35 
per cent cycle ratio prestress data are 
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(a) Common intersection point; 1000 cycles. 
(b) Common intersection point; same as on Fig. 18(b). 
awon (c) Common intersection point; same as on Fig. 18(c). 
Fic. 19.—Convergence of S - log N Lines for 35 per Cent Cycle Ratio Prestress. 


dicate an apparent shifting of the point 
of convergence toward lower stresses and 
longer life as the prestress cycle ratio is 
increased, it can be shown that these 
data can be described quite well by lines 
which pass through different common 


105 10 


used to illustrate this fact, since both 
the 15 and 5 per cent data (according to 
Professor Work) overlapped the virgin 
S-log N line to such an extent that 
selection of a convergence point was 


questionable in these instances. 


When 1000 cycles are arbitrarily 
selected as the common convergence 
point, it is evident from the accompany- 
ing Figs. 18(a) and 19(a) that the S - log 
N lines can be drawn so as to pass 
through this particular point and the 
Michigan College of Mining and Tech- 
nology (MCMT) data with approxi- 
mately the same degree of certitude as 
those drawn by Professor Work. 

By using still another method of ap- 
proximation, a similar result will be ob- 
served. This approximation method 
consists of drawing a line through the 
data representing remaining life at the 
highest and lowest stresses considered 
after prestressing 70 per cent at 127,900 
psi, and noting its intersection with the 
original material S-log N line. By so 
doing, the largest possible displacement 
is obtained between the prestress and 
the original material S - log N lines, thus 
tending to provide a maximum degree 
of confidence in the intersection point. 
This graphical approximation of Np is 
analogous to the manner in which the 
common convergence point might be 
obtained when only limited experimental 
tests can be made. Figures 18(b) and 
19(b) indicate that the S-log NW lines 
drawn through the MCMT data and 
emanating from a common convergence 
point so obtained also fit the data well. 
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A final interesting approximation may 
be made by taking an average of the - 
coordinates of the convergence points 
specified by Professor Work for the 70 
and the 35 per cent prestress conditions. 
The resulting coordinates of the new 
common convergence point are ¢ = 
158,500 psi, and N = 1177 cycles (aver- 
age of the log cyclic lives). Figures 18(c) 
and 19(c) provide plots of the MCMT 
data as well as the common convergence - 
point obtained in this manner. Again, it 
is evident that the S - log W lines can be 
drawn to fit the data well and still meet _ 
at this point of convergence. 

From the preceding it would appear 
reasonable to conclude that the premise 
of the proposed method, namely the use 
of a practical compromise in selecting a 
common convergence point of S-log N 
lines, is feasible with SAE 4130 steel in 
rotating bending fatigue. The data pro- 
vided by Professor Work tend to sub- | 
stantiate the assumptions made by the 
authors in this regard. Finally, the need 
for an exact determination of the point 
of convergence as implied by Professor 
Work, which generally involves an ex- 
tensive experimental program, would 
seem to be warranted only to establish 
the validity of the convergence concept 
in instances where a completely different 
type of material or a different type of 
fatigue stressing is involved, 
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_ A STUDY OF THE ACCUMULATION OF FATIGUE 

DAMAGE IN STEEL* 
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By H. Erickson! AND CLYDE E. Work? 


SYNOPSIS 


A study was made of the accumulation of fatigue damage in SAE 4340 
steel at stresses up to 150 per cent of the endurance limit. It was observed 
that damage was not unique but depended on the stresses employed to eval- 
uate it, and it was not a linear function of the number of repetitions of stress. 

The observed behavior was explained in terms of a characteristic number 
of crack nuclei formed by initial cycles of stress and propagation of cracks nl - 
i ae from these nuclei. The number of crack nuclei formed was controlled by the —s_—© 


initial stress amplitude. The rate of crack propagation was controlled by the —> 
__ $tress amplitude during later cycles. Total life was governed by both factors. 
nm by 


The prediction of the fatigue life of 
structural components subjected to re- 
peated stresses of varying amplitude is a 
major unresolved design problem. The 
ordinary S-N curve for constant stress 
amplitudes is the most common form in 
which fatigue data are available. How- 
ever, it is not clear how this simple kind 
of information can be used to predict the 
behavior of members subjected to stress 
histories of mixed amplitude. Use of the 
S-N curve obtained for virgin specimens 
is complicated by the fact that applying 
even a few cycles of prestress to a set 
of specimens usually alters the whole 
curve. 

The failure of many attempts to pre- 
dict life on the basis of the S-N curve 
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can be attributed to the necessity of as- 
suming some unique rate of accumula- 
tion of damage for each given stress level. 
Unfortunately, the damaging effect of a 
given stress cycle is a function of both 
prior and future stress history. 

It has been found that after a rela- 
tively few cycles of applied stress, local- 
ized broadened slip bands appear within 
the grains followed by cracks which can 
be observed microscopically to develop 
along these bands. When and how these 
cracks begin is not clearly known. How- 
ever, there is evidence that the broad- 
ened slip bands, or at least some of them, 
actually contain a microcrack after a 
very few stress cycles (1).* The slip-band 
markings which ultimately yield ob- 
servable cracks cannot be etched away, 
while surrounding slip bands disappear 
under the etching action (2). This indi- 
cates that some significant structural 
change is already present at that early 
stage. If the broadened slip band did not 


3 The boldface numbers in parentheses refer 
to the list of references opment to this paper. 
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contain permanently damaged structure 
in the form of submicroscopic cracks, it 
would be expected that a recrystalliza- 
tion heat treatment would restore the 
material to its original undamaged state. 
However, this is not the case (3). 

Forsyth’s work (4) leads to the observa- 
tion that the spacing between these 
broadened slip bands is determined by 
the spacing of the slip bands produced by 
the first few stress cycles and that the 
number of deformed zones is propor- 
tional to the stress level in the region 
involved. 

While it appears that microcracks are 
produced by the first few stress repeti- 
tions, their extension is a slow process 
which may comprise the largest part of 
the fatigue life. On reaching some critical 
length, or probably upon joining other 
“cracklets,” the cracks propagate rather 
precipitously to complete fracture. 

The number of stress repetitions of 
varying amplitude to failure can prob- 
ably be predicted best at the present time 
by empirical or semiempirical expressions 
developed from observations of large- 
scale behavior of a particular metal 
when subjected to selected sequences or 
stress repetition. However, no completely 
satisfactory expressions have yet been 
developed. Experiments have followed 
three general approaches: 

1. Observations of the effect of one or 
more blocks of constant stress cycling on 
the life at other stress levels or on the 
endurance limit have been attempted 
with the hope that a unique damage 
value could be found for a given number 
of repetitions of a particular stress, re- 
gardless of when in the total life they are 
applied. This would have made it possi- 
ble to compute the number of repetitions 
to failure for particular combinations of 
certain stress amplitudes. The well- 
known Miner rule (5) is based on this as- 
sumption that a unique degree of dam- 
age is caused by one stress cycle of a 


On ACCUMULATION OF FATIGUE DAMAGE IN STEEL 705 


given amplitude whenever in the stress 
history it was applied. In view of the 
continuous changes occurring in the q 
structure, however, the damaging effect 
of any one stress cycle of any particular 
amplitude is not unique, but depends on 
the state of damage at that instant. 

Richart and Newmark (6) suggested a 
method for estimating the fatigue life by 
use of experimentally determined non- 
linear relationships between damage and _ 
number of cycles imposed. 

2. The repeated application of speci- 
fied patterns of stress amplitudes has 
been carried out (7,8) in attempts to 


TABLE I.—CHEMICAL ANALYSIS OF 


STEEL USED. 

Element Per cent 
0.71 


eliminate the effect of the sequence of 
testing. In general, only qualitative con-— 
clusions have been forthcoming from — 
these repeated pattern tests. =] 
3. Because application of repeated 7 
stresses in large blocks of constant ampli- | 
tude appears to be unlike service condi- 
tions and limited by the 
sequences of stressing, randomized se- — 
quences of stress amplitudes (9) have ~ 
been employed in efforts to simulate _ 
service conditions in laboratory tests. 
Not all service conditions involve ran- _ 
dom stressing, and the rational expres- | 
sion of results from such tests in terms _ 
of any so-called fundamental properties 
or mechanisms has not yet been achieved. 


performed to observe the influence of 


In this investigation, experiments were — 
various sizes of blocks of cycles of I 


. 


of four different levels of repeated stress 
on the subsequent fatigue life evaluated 
at each of the other levels. A sufficiently 
large number of specimens were prepared 
to give some statistical validity to the 
observations. The results were examined 
in the light of a hypothesis which at- 
tributed damage to two separate phe- 
nomena: crack nucleation and crack 
propagation. 


MATERIAL AND EQUIPMENT USED 


. The experiments in this investigation 
were conducted with a Krouse high-speed 
repeated-stress machine of the rotating- 
cantilever-beam type. Round specimens 
of SAE 4340 steel 4 in. in diameter at the 
smallest section were stressed at a speed 
of about 6300 cpm. The steel had the 
chemical analysis shown in Table I. 

The rods were cut into specimen 
blanks, then heat treated by oil quench- 
ing from 1500 F after } hr at tempera- 
ture, followed by tempering at 1150 F 
for 2 hr. 

The mechanical properties which re- 
sulted were: yield point, 145,000 psi; 
tensile strength, 156,000 psi; and Rock- 
well hardness, C scale, 27 to 30. Final 

machining and polishing was done after 
heat treatment. 


TESTING PROGRAM 


. The preliminary program consisted of 
evaluating the endurance limit and de- 
termining the number of cycles to failure 
at each of four different stress levels. 
The four stress levels chosen were 50, 
37.5, 25, and 12.5 per cent above the 
endurance limit; for convenience, they 
are designated A, B, C, and D levels, 
respectively. 

In evaluating the accumulation of fa- 
tigue damage, each specimen was sub- 
jected to a certain number of cycles, 
which was less than the number expected 

to cause failure, at one of the stress 

levels A, B, C, or D. After this prestress- 


ing, the amplitude of applied stress was 
changed to one of the other three levels, 
and the number of cycles required to 
cause the specimen to fail at this second 
level, or test stress, was observed. The 
percentage by which the life at the test 
stress exhibited by prestressed speci- 
mens was less than the life of virgin 
specimens at the test stress level was 
called “‘per cent damage.” 

To ensure that all specimens would be 
equally representative, the sequence of 
specimen measurement was randomized, 
the specimens were assigned to their 
testing levels by random selection, and 
the testing sequence was randomized. 


TABLE II.—RESULTS OF CONSTANT- 
STRESS-LEVEL TESTS. 


St ip t i 
Level Stress, of Endure 
» psi ance H 
nation imit pst 
127 900| 150 14 750 
117 300) 137.5 37 100 
106 600} 125 | 83 800 
95 900) 112.5 | 234 500 


Determining the Basic S-N Curve: 


Using the staircase method described 
in the Appendix,‘ 20 specimens were 
tested in determining the endurance 
limit. On the basis of a few exploratory 
tests, a stress of 85,000 psi was taken as 
the starting level. Specimens withstand- 
ing 30,000,000 repetitions of stress were 
considered to be survivors. The endur- 
ance limit thus obtained was 85,300 psi. 

Fifteen specimens were tested to fail- 
ure at each of four stress levels with the 
results shown in Table II. Since the 
distribution of log N is more amenable 
to statistical analysis than that of NV, the 
measure of life used for analysis of data 
was the antilogarithm of the mean value 
of log N and is designed here as NV. Points 
plotted as circles in Fig. 1 represent 


i (s ~ 


these values. The scatter at each stress 
level involved in these studies is indi- 
cated by vertical checks at WV values cor- 
responding to values of log N one stand- 
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This same test procedure was followed 
with four groups of 30 specimens each 
prestressed at stress level C. One group 
was prestressed 5 per cent, one 15 per 
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Evaluation of Damage from Prestressing: 


The damage resulting from prestress- 
ing was evaluated in two-level tests. In 
one series, 30 specimens were prestressed 
at the D stress level by subjecting them 
to 5 per cent of Vp5 stress repetitions. 
Immediately following prestressing, the 
moment on each specimen was changed 
and the specimen then tested to failure. 
Ten of the 30 were retested to failure at 
the A stress level, 10 at the B level, and 
10 at the C level. The number of cycles 
to failure at the test stress was recorded 
in each case. Similarly, prestress cycles 
of 15, 35, and 70 per cent of ’p were ap- 
plied to groups of 30 specimens and fol- 
lowed by cycling to failure at the A, B, 
and C stress levels. 


5 Np represents the mean life to failure at 
the constant stress amplitude corresponding to 
the D level. 


Fic. 1.—Basic S-N Curve for SAE 4340 Steel. 


Cycles, N 
TABLE IIL.—LIFE AFTER 
PRESTRESSING. 


Remaining Life in Cycles 
Prestress® 
ba ay 0.05°Cycle | 0.15 le | 0.35 Cycle | 0.70 Cycl 
nation | ‘Ratic of | of | ‘Ratic of | of 
Prestress | Prestress | Prestress | Prestress 
15 000} 13 000) 11 100) 6 500 
14 900} 15 800) 14 000) 5 900 
ie 15 800} 16 100) 14 000} 10 800 
| See 33 100} 26 100} 16 900) 10 500 
35 200) 38 200) 30 17 300 
DB..... 39 600} 42 000} 27 500) 21 100 
76 200) 51 640) 36 500) 13 400 
| eee 77 270| 77 450} 45 000) 22 100 
DC.. 89 540) 81 300) 76 400) 50 930 
| 135 800) 112 200! 60 000) 28 300 
BD.. 161 100) 127 300) 81 300; 25 700 
Cm... 190 500) 147 900) 121 900) 55 500 


* The first letter identifies the prestress, the 
second the test stress. 


cent, one 35 per cent, and one 70 per 
cent of ’¢ cycles followed by testing 10 
from each group to failure at each test _ 
stress level A, B, and D. In a similar 7 
manner prestresses at B and A levels 
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were applied and followed by test stress 
levels A, C, and D and B, C, and D 
respectively. 

The actual tests were not run in 
groups, as might be assumed from the 
above description, but according to ran- 


It was important to define a repre- 
sentative life value that could be deter- 
mined even if failure of some specimens 
were to occur during prestressing. Occa- 
sional failure during the 70 per cent cycle 
ratio of prestress was expected because of 
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Fic. 2.—Reduction in Life at Test Stress Resulting from Various Prestress Histories. 


dom selection to avoid any systematic 
error that might arise from the gradual 
deterioration of the testing machine. In 
all, 480 specimens were tested in this 
main area of the investigation. The 
antilogarithms of the mean of loga- 
rithms of cycles to failure at each test 
stress are given in Table II]. 


normal scatter in fatigue data. A graphi- 
cal procedure suggested by Roeloffs and 
Garofalo (10) was followed. This proce- 
dure is explained briefly in the Appendix. 
To check the validity of the graphical 
procedure, an arithmetic mean of the 
logarithms was also determined where 
possible. For the 43 cases where both 


were available, agreement between the 
two values was quite good. In 29 cases 
the difference was 1 per cent or less. In 
only 3 cases does the difference exceed 4 
per cent. To be consistent, the values 
determined graphically were used for all 
cases and are the ones listed in Table ITI. 


DISCUSSION OF RESULTS 


The influence of prestressing on life at 
the test stress is illustrated in Fig. 2. 
In these diagrams the damage is plotted 
as per cent reduction of life at the various 
test stresses as functions of prestress 
amplitude and test stress amplitude. 
Where the life at the test stress exceeded 
that of virgin specimens, “negative 
damage” was plotted, corresponding to 
an improvement rather than a deteriora- 
tion of resistance to fatigue stresses. 

It will be noted that points on the di- 
agonal connecting the left-rear point to 
the right-front point, with the base co- 
ordinates (D,D), (C,C), (B,B), and 
(A,A), have equal abscissas defined by the 
cycle ratio of prestress applied. These 
correspond to per cent damage equal to 
the cycle ratio of prestress applied. It is 
observed that for points behind this 
diagonal the per cent damage is higher 
than the cycle ratio applied in prestress- 
ing, and in front of that diagonal the per 
cent damage is less than the cycle ratio 
applied in prestressing. In some in- 
stances, for 5 and 15 per cent cycle ratio 
prestressing, negative damage results. 

The AA to DD diagonal is the only 
portion of each graph where a linear ac- 
cumulation of damage is observed, and 
this is required by definition of cycle 
ratio. 

Test stresses that are higher than the 
prestress consistently indicate less dam- 
age than predicted by the uniqueness 
assumption, and lower test stresses in- 
dicate greater damage. The results 
clearly indicate that damage is not a 


: On ACCUMULATION OF FATIGUE DAMAGE IN STEEL 


709 


unique quantity, but the damaging ef- 
fect of a prestress depends on following 
stress levels. 
Two-Stage Crack Hypothesis: 

The influence of test stress on the 
damage observed for a given prestressing, 
and particularly the instances where pre- 
stressing resulted in ‘“‘negative damage,” 
cannot be explained by any simple dam- 
age theory. An explanation of negative 
damage might be attempted on the basis 
of strain aging or of relaxation of resi- 
dual stresses. However, we would expect 
these phenomena to have a beneficial 
effect at all subsequent stress levels, not 
just higher ones. 

It appears that the behavior observed 
is qualitatively consistent with the fol- 
lowing explanation in terms of a period 
of crack nucleation followed by crack 
growth to failure. 

As pointed out earlier, microscopic 
evidence indicates that the number of 
crack nuclei formed by the first few 
cycles depends on the stress level. If this 


prestress is followed by cycling to failure — 


at a higher stress level, repetitions of the 
higher stress tend to propagate the dam- 
age process primarily at sites already 
initiated during the first cycles at the 
lower stress level and not to create the 
number of sites that would have been 
initiated in the virgin material by this 
higher stress. Stress concentration 
caused by slip at the surface (11,12) could 
be responsible for localizing further 
damage at any nominal stress level to 
nuclei formed early. This possibility is 
supported by studies of Mott (13), who 
shows that the stress necessary to move 
dislocations in a work-hardened lattice 
is less than that necessary to create new 
ones. Wood and Davies (14) have shown 
evidence by X-ray diffraction that al- 
ternating slip movements are confined to 
zones first formed. This restriction of 
damage has been associated with the 


formation of intrusions, or crevices 
(13,15,16), which would have a stress- 
concentrating effect or perhaps merely 
continue to deepen. 

Corten and Dolan (17) have suggested 
an expression D = mrN* to describe the 
progress of damage during repeated 
stressing. Here, D is the damage, N is 
the number of cycles, r is the coefficient 
of damage propagation (a function of 
the stress level), @ expresses quantita- 
tively the assumption that the damage 
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Fic. 3.—A Schematic Representation of the 
of Damage During Cycles of Stress 
(prestress less than test stress). 
rate at a given stress level increases with 
number of cycles, and m is the number of 
damage nuclei. This expression assumes 
that the damage accumulated by a given 
number of cycles is proportional to the 
number of crack nuclei extended. The 
argument could then be made that a few 
cycles of a low prestress before a higher 
test stress would cause an increase in 
cycles to failure at the test stress because 
of the fewer active damage sites initiated 
at the lower stress level. 
The same approach could be used to 
describe the effect of following the pre- 
s mplitude cycling. 
stress by lower . p ycling 


Schematic Representation of Damage: 


In general, only after some number of 
initial stress cycles do the subsequent 
cycles to failure at the higher stress level 
begin to decrease below V. What occurs 
to cause this decrease after both the 5 
and 15 per cent prestress histories caused 
increases? 

Figure 3 is a schematic representation 
of the progress of damage as a function of 
repeated stress cycles, N, for two stress 
levels, one high (Sy) and one low (S,). 
The shape of the damage curve is based 
on evidence indicating that the damage 
process consists of two stages (18). The 
first stage, corresponding to the portion 
of the curve from the origin to NV, for 
stress level Sy , and to the portion from 
the origin to Ng for S; , represents crack 
initiation. The second stage, correspond- 
ing to the damage lines of slopes My and 
Mz for stress levels Sy and S, respec- 
tively, represents crack propagation. 
The linear rates of damage accumulation 
shown on this sketch perhaps represent 
an oversimplification. However, these 
curves would be thought of as average 
slopes of the actual damage curves. 

According to Fig. 3, Ni,, cycles of 
prestress at the lower stress level S,, 
followed by cycling at Sy would result in 
a damage rate M, at Sy. This damage 
rate would be lower than normally found 
at this stress because of the fewer crack 
nuclei formed at the lower level. The 
resulting number of cycles to failure, 
Nu,, at the higher stress level could 
conceivably be greater than the 1, cycles 
observed in constant-amplitude tests. 


Effect of Further Prestressing: 


The cycles to failure at Sy were ob- 
served in Fig. 2 to increase still further 
as a result of a longer prestress at the 
lower level. Although a 5 per cent pre- 
stress generally resulted in an increased 
life at the test stress, a 15 per cent pre- 

be 
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stress gave an even greater increase over 
Ny, . This behavior can be explained by 
assuming that the following higher stress 
can have some influence on the number 
of active crack nuclei, this influence de- 
creasing with further prestress. After a 
prestress of relatively few cycles, the 
damage nuclei would not be well de- 
veloped. The effects of the following 
cycles at a higher stress level would tend 
to be associated primarily with the ex- 
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have primarily the effect of continuing 
damage from these sites. These fewer 
crack nuclei for increased cycles of pre- 
stress would now result in a further in- 
crease in the cycles to failure. This effect 
is illustrated in Fig. 3 by Nz, cycles of 
low prestress, followed by a damage rate 
Mz, which is less than M,. 

The effect of applying a relatively 
large prestress cycle ratio is illustrated 
by carrying the damage process to Nz, 
(Fig. 3). In this test the number of pre- 
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Fic. 5.—A Schematic Representation of the 
of Damage During Cycles of Stress 
(prestress greater than test stress). 


tension of damage at the already ini- 
tiated crack nuclei sites. However, if 
these “notches” were not severe as yet, 
there would probably be a tendency for 
the higher stress cycles to initiate addi- 
tional active nuclei, bringing the number 
closer to that which would have been 
initiated by the higher stress alone. A 
larger prestress block would increase the 
notching effect. The characteristic num- 
ber of crack nuclei or submicroscopic 
cracks for this particular level would now 
be relatively well advanced, and subse- 
quent cycles at a higher stress would 


Cycles of Prestress B 


Fic. 6.—The Influence of Cycles of Prestress 
B on Life at Test Stress D. 


stress cycles was sufficient to put the 
specimen well into the crack propagation 
stage. While the rate of damage accumu- 
lation M¢ may be less than Mz, the 
damage has progressed to such a point 
that the remaining cycles Ny, to failure 
at the stress number less than Vz . 

The curves of Figs. 4(a) and (6) show 
the percentage reduction at the test 
stress versus percentage of total cycles 
to failure at the prestress. As discussed 
previously, the increase in test stress life 
as a result of cycles of low prestress is 
clearly evident in the negative of the 
ordinate. 
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Prestress Higher than Test Stress: 


The curves for prestresses higher than 
test stresses are characterized by the very 
high percentage reduction for relatively 
few prestress cycles. Additional cycles of 
prestress result in progressively smaller 
increments of reduction in life at the test 
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Cycles of Prestress B 


Fic. 7.—The Variation in Rate of Change of 
Life at Test Stress D with the Number of eens 


the material during the prestress. In- 
stead we can assume that the high stress 
has activated many more crack nuclei or 
notches than would have occurred if all 
stresses were at the S, level. Damage 
would then accumulate at the more 
rapid rate, M,, rather than M,, with 
the result of a rather high reduction in 
life at the test stress. 

Following up this argument, Fig. 5 
would lead to the expectation that the 
decrease in the number of test stress 
cycles should proceed at a constant rate 
with increased prestressing. If an ex- 
ponential form of damage curve had been 
assumed, an increasing rate would be ex- 
pected. However, the experimental re- 
sults of this investigation show that with 
increasing numbers of prestress cycles 
the percentage reduction in cycles to 
failure at the test stress goes up at a de- 
creasing rate. This is shown in Fig. 6 as 
a smooth curve of decreasing negative 


of Prestress B. slope for cycles to failure at the test 

a! 

die be Courtesy A. V. deForest (19). hug iW 


Fic. 8.—The Growth of Cracks with Repetitions of Stress. 


stress. The schematic cumulative damage 
curves in Fig. 5 can be utilized to explain 
the behavior observed in tests for which 
the higher stresses were applied first and 
followed by cycles of lower stress. 

It can be seen that the extensive re- 
duction in life at S; after Nx, cycles of 
prestress Sy does not necessarily indicate 
that extensive damage has occurred to 


stress D plotted versus number of cycles — 


of prestress B. The rate of decrease in 
slope of this curve with additional cycles 
of prestress is shown in Fig. 7. 

This reduction in the rate of decrease 
of cycles to failure at the lower amplitude 


test stress would be expected if the 


schematic damage curves of Fig. 5 could 
be pictured as having decreasing slopes or 


| 
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if the slope M, were less than the slope 
M,. However, these trends are not 
consistent with results of investigations 
on the rates of crack propagation which 
show a rapidly increasing rate of crack 
extension with cycling. One graph from 
deForest (19) is reproduced as Fig. 8 here. 

It seems likely, however, that even 
though the size of any given crack which 
matures may grow at an increasing rate, 
before damage reaches the point of se- 
lecting one site for completion of fracture 
the over-all damage rate could show a 
net decrease if a decreasing number of 
cracks continued to propagate. This 
could result from longer cracks relieving 
the elastic strain from more and more 
shorter cracks thus stopping their de- 
velopment. 

It is assumed here that the longer 
“cracklets’’ are still in the slow develop- 
ment stage (crack initiation) as indicated 
by the letter A in Fig. 8. The effect of the 
decreasing number of actively developing 
cracks could be to decrease the rate of 
damage accumulation. 

The introduction of the notion of a de- 
creasing number of nuclei available for 
continued extension is consistent with 
the previous arguments based on the 
idea of a characteristic number of crack 
nuclei being introduced by a prestress of 
given amplitude as the number of active 
nuclei at any stage in the specimen life 
would be dependent upon the number 
initially nucleated. 


CONCLUSIONS 


The results of experiments conducted 
in this project lead to the following con- 
clusions. 

1. For a prestress amplitude higher 
than the test stress amplitude: 

(a) The damage at the test stress aver- 
aged about 4 times as great as the 5 per 
cent cycle ratio of prestress. 

(b) More cycles of prestress did not 


cause a proportionately greater reduc- 
tion in life at the test stress. The average 
per cent reduction at the test stress was 
about 2.3 times the 15 per cent cycle 
ratio of prestress, about 1.7 times the 35 
per cent cycle ratio of prestress, and 1.1 
times the 70 per cent cycle ratio pre- 
stress. 

2. For a prestress amplitude lower 
than the test stress amplitude: 

(a) Five per cent prestress cycle ratio 
generally resulted in an average life at 
the test stress 3 per cent greater than for 
a virgin specimen. 

(6) Fifteen per cent cycle ratio gener- 
ally caused further increases in life at 
the test stress, as high as 12 per cent im- 
provement in one case. 

(c) Thirty-five and 70 per cent pre- 
stress cycle ratios reduced the life signif- 
icantly at the test stress—12.8 and 46.3 
per cent respectively. 


The above observations are consistent 
with a hypothesis that initial stress cycles 
modify the rate of damage accumulation 
from subsequent cycles of stress in the 
following way: A characteristic number 
of crack nuclei are initiated by the first 
cycles applied to the specimen, and fur- 
ther damage at other stress levels is 
confined primarily to propagation of 
these initial cracks. The number of cracks 
initiated is controlled by the initial stress 
level, and the rate at which they propa- 
gate is a function of the level of subse- 
quent stress amplitudes. 
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STATISTICAL ANALYSIS 


Statistics of the Finite Life Curve: 


The expression for the arithmetic mean of 
the logarithms is 


i=n 
log 
= > 


TABLE IV.—OBSERVATIONS TO IL- 
LUSTRATE THE DETERMINATION OF 
MEAN OF TRUNCATED DATA. 
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logarithm of the number of cycles (10). A 
value of P is obtained in the following 
manner for each specimen that fails: If 
is the number of specimens tested and the 
kth failure occurs at MN; cycles, then P, = 
n+ 1 
to be plotted at WN; cycles. Plotting log N 
on probability paper is equivalent to plotting 
N on logarithmic probability paper. The 


gives the proportion, P;,, of failure 


Log Ni k PE straight line drawn through the points is 
obtained by calculating the mean and the 
standard deviation of the log N values by 
tp aammotete 3 27.3 the equation given previously. For a normal 
4 36.4 distribution, the mean and the median 
coincide; the mean of the log values gives 
63.6 the point where the line intersects the 50 
MR Ao 8 72.7 per cent failure line of the probability paper. 
sig It is also possible to reverse the procedure 
Pee ee : and draw the line by eye and then use the 
* Failure during prestress. fitted line to estimate the mean life. 
4.30 
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Fic. 9.—Graphical Determination of the Mean Life for Truncated Fatigue Data. 


Here N; represents the fatigue life of the ith 
specimen and 7 is the number of tests con- 
ducted at a given stress level. 

It is convenient to use logarithmic proba- 
bility paper for the presentation of results 
at a fixed stress level, because on this paper 
the expected proportion P of specimens 
failing plot as a linear function of log N, the 


In cumulative fatigue damage study the 
occurrence of failures during prestressing 
creates a problem in data analysis. Bennett 
(20) handled the problem by passing the 
S-N curve through the median of all the 
test points, thereby allowing inclusion of the 
specimens that failed at the prestress level. 

Table IV and Fig. 9 illustrate the graphi- 
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cal determination of the mean life for fatigue 
data truncated by failure during prestress- 
ing. Results given are for tests in which a 
70 per cent cycle ratio of prestress B was 
followed by cycling to failure at test stress A. 


Determination of the Endurance Limit: 


Each fatigue specimen has its own en- 
durance limit. It has been shown by Ransom 
and Mehl (21) that the endurance limit is 
statistical in nature. Unfortunately, it is 
impossible to determine the endurance limit 
for a single specimen. If a specimen is tested 
at a fixed stress, the only information ob- 
tained regarding the endurance limit is 
whether the test stress is above or below the 
endurance limit for that specimen. As in the 
fatigue fracture portion of the S-N diagram, 
the information usually required is the mean 
endurance limit and a measure of the scatter. 
One method commonly employed is the 
“up-and-down,” or “staircase” method. 

In the “up-and-down” method, the stress 
used to test each specimen is based on the 
results of the preceding test. The stress at 
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Mr. Parks Too.tn.'—I would like to 
know if in the first stage the damage is 
really zero, or if under some circum- 
stances in this strain aging material it 
could be a beneficial region and perhaps 
in other materials a region of lower slope 
but still a detrimental damage region. 

Also, perhaps we too frequently con- 
fine our study of damage to laboratory 
specimens with multiple cracking. Many 
service failures start at stress concentra- 
tions and the probability of multiple 
cracking is less. 

Mr. C. E. Work (author)—The two 
points mentioned by Mr. Toolin can be 
answered separately. The notion of zero 
damage is a difficult one to justify. It ap- 
pears that whether initiation of micro- 
scopic cracks represents positive, nega- 
tive, or zero damage depends on what is 
done to the material after the cracks are 
formed. 

From the viewpoint of the designer, 
the warning that we restrict ourselves 
too often to laboratory specimens is 
valid. However, we are not in a position 


1 Research Engineer, Westinghouse Electric 
Corp., Pittsburgh, Pa. 
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to evaluate as many different shapes as 
might be of interest. I would expect the 
initiation of many microcracks in service, 
even under severe stress concentrations. 
We have not investigated service failures 
in our studies. 

Mr. Frank Yurkoski.2—Realizing 
that laboratory specimens do not supply 
all the answers, I feel that they are bene- 
ficial to a certain extent. However, I 
wondered why specimens have not been 
tested that are free from highly polished 
surfaces. Possibly testing this material, 
or in fact any structural alloy, with as- 
rolled surfaces on portions of the speci- 
men might be more beneficial. 

Does Mr. Work feel that more correct 
values would have been obtained if he 
had selected this technique? 

Mr. Work.—My opinion is that use 
of specimens with uncontrolled surface 
irregularities would have resulted not 
only in decreased life but also in increased 
scatter. It would probably have increased 
the number of specimens required at 
each level to obtain reasonable statistical 


2 Metallurgist, Research and Development 
Division, ACF Industries, Inc., Berwick, Pa. 
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718 Discussion ON ACCUMULATION 
validity. It seems likely that the amount 
of extra work required would not result 
in a corresponding increase in what we 
would learn about the accumulation of 
damage. 

Mr. Yurxkoski1.—In the second por- 
tion of the paper, reference is made to 
the rate of crack propagation after initia- 
tion. Were the metallurgical characteris- 
tics of the crack studied with an electron 
microscope to determine at what stage in 
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the life of the specimen the crack was 
initiated? Actually, what caused the 
crack to initiate? 

Mr. Worx.—The investigation re- 
ported here did not include any metal- 
lographic studies. Reference was made to 
the findings of others. It would be de- 
sirable to extend this investigation to 
metallographic confirmation of the specu- 
lations made concerning initiation and 
propagation of cracks, 
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For conditions of fluctuating stress amplitude consisting of repeated blocks 
of cycles of two stress amplitudes and continuously varying amplitudes, it has 
been shown that the mean fatigue life may be predicted using the hypothesis 
of linear summation of cycle ratios and a modified o-N relation. This approach — 
assumes that the initial sequence of high, intermediate, and low stresses does _ 
not significantly influence the fatigue life, since, in general, the number of cy- _ 
cles in each repeated block is small compared to the life of the member. Recent 
studies by Naumann and Hardrath suggest, however, that the sequence of ap- 
plying high, intermediate, and low stresses in repeated-block experiments 
may change the fatigue life by a factor of from 2 to 4. This investigation was 
undertaken to clarify this question. It was found that changing the sequence 
from high followed by low stresses to low followed by high stresses in each re- 
peated block did not change the life by more than the length of one repeated 
block of cycles, or by a factor of from 1.07 to 1.14. 


To meet competition and increase 
performance, machines and structures 
of all varieties—from farm equipment 
to aircraft and from roller chain to 
missiles—contain components that are 
designed on a limited fatigue life basis. 
The members experience variable-ampli- 
tude stresses that reflect first the func- 
tional operation of the member and, 
second, transient and random vibratory 
stresses superimposed upon the opera- 
tional load patterns. Regardless of ori- 
gin, the resulting stress patterns fre- 
quently are complex, containing a few 
cycles of peak stress, a larger number of 
cycles of intermediate stress, and a very 
large number of cycles of low stress, all 
mixed randomly together. 

The earliest attempt to estimate the 
fatigue life of a member subjected to 

* Presented at the Sixty-fourth Annual 


Meeting of the Society, June 25-30, 1961. 
1 University of Illinois, Urbana, Ill. 


719 


variable-amplitude loading was based 
on the hypothesis that the fatigue life 
was “consumed” gradually (1-3);? each 
cycle of stress o; consumed the life of 
the member in proportion to the ratio 
1/N;, where N; is the life under con- 
stant-amplitude stress o;. If cycles 
were applied at stress o;, the cycle 
ratio n;/N; represented the proportion 
of the life of the member consumed. For 
a member that encountered m cycles 
of stress o;, m2 cycles of stress o2,+ - 
n; cycles of stress a; , etc., the total life 
of the member presumably was con- — 
sumed when 


+ no/N2 n/N; =1.. (1) 


where N,, N2,- - + Nx are the fatigue 
lives from constant-stress-amplitude ex- 
periments at stresses 01, °° 
respectively. 


2? The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


| 


720 


Equation 1, which states the hypothe- 
sis usually called the linear summation 
of cycle ratios, assumes that each cycle 
of stress consumes the life of the member 
by an amount that is entirely inde- 
pendent of previous or subsequent cycles 
of stress. For many years data have been 
accumulated which indicate that this 
assumption is an oversimplification of 
the actual situation (4). 

Recent investigations have shown that 
a modification of the linear-summation 
hypothesis provides a simple relation of 
greatly improved accuracy (5-8). In this 
modification, Eq 1 [is used with a modi- 


Log N 


Fic. 1.—Conventional (ab) and Modified (ac 
or ad) «-N Relation When a; is the Peak Stress 
in the Stress History. 


fied o-N relation. In Fig. 1, the conven- 
tional o-N relation is represented by 
the solid line ab, and two possible modi- 
fied o-N relations are represented by the 
dashed lines ac and ad. Used in con- 
junction with the appropriate modified 
a-N relation, it has been shown that Eq 
1 gives excellent agreement with a large 
amount of experimental data from ex- 
periments that were planned and an- 
alyzed by statistical methods. The basis 
for the use of the modified o-N relation 
will be discussed in detail in the next 
section of this paper. 

In many recent studies, repeated pat- 
terns of stress cycles have been used to 
reduce the influence of the statistical 
variability of fatigue life on the results. 
That is, if the length of each repeated 
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block of cycles was short compared to 
the total life of the specimen, each speci- 
men, regardless of its life, would experi- 
ence the same proportion of cycles at 
high, intermediate, and low stresses. In 
addition, it was assumed that with short 
repeated blocks of cycles relative to the 
total life, the order of applying the high, 
intermediate, and low cycles of stress 
within each repeated block would have a 
small, possibly negligible, influence on 
the life. 

Recent data by Hardrath and Nau- 
mann (9) and also Schijve (10) indicate, 
however, that within each repeated 
block of cycles the sequence of applying 
the high, intermediate, and low stress 
cycles may influence the fatigue life by 
a factor of as much as 4. These two in- 
vestigations, however, showed conflict- 
ing trends with regard to the influence of 
sequence of stresses within each repeated 
block. Hardrath and Naumann found 
that the life was shortest when the low 
stresses in each repeated block were 
applied first; conversely, Schijve found 
that the life was shortest when the high 
stresses were applied first. These differ- 
ences suggest that either the results were 
not statistically significant or that in- 
fluences unknown to the investigators 
were present in their data. 

This investigation was made to deter- 
mine the influence on fatigue life of the 
sequence of applying the low and high 
stresses within each repeated block of 
cycles. This work was an extension of 
previous work using the same material, 
machine, and method of analysis. Thus, 
considerable data from more than 2300 
specimens were available for comparison. 
In previous work two types of stress 
histories were used: two-stress, repeated- 
block histories (Fig. 2), and continu- 
ously-varying-stress, repeated-block his- 
tories (Fig. 3). In earlier work, each 
experiment was started just after the 
highest-stress portion of the cycles was 
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completed. Thus, if there was an influ- 
ence of sequence of applying the high 
and low stresses, it probably was not 
evident in the earlier data, but it could 
lead to an over-optimistic view of the 
reproducibility of the data. 

In this investigation, the data will be 
interpreted in terms of the modified 


Fic. 3.—Continuously Varying Stress History. 


a-N relation and Eq 1. Therefore the 
concept of a modified ¢-N relation will 
be reviewed briefly. 


CUMULATIVE FATIGUE DAMAGE AND 
THE o-N RELATION 
The concept of linear accumulation of 


damage expressed by Eq 1, used in 
conjunction with a modified o-N relation, — 


_ 
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has proved to be versatile and accurate 
(7,11). The use of a modified c-N relation 
is based upon the occurrence of several 
phenomena that are ignored in the con- 
ventional application of Eq 1. These 
phenomena will be reviewed briefly. 

It is widely recognized that localized 
cold work, residual stresses, and redis- 
tribution of load in structures may 
greatly alter the o-N curve. Therefore, 
it is obvious that the influence of these 
phenomena, caused by peak stresses 
early in the load history, should be re- 
flected in the values of N1, N2,-- +N; 
that are used in Eq 1. 

Furthermore, it is generally agreed 
that cracks may nucleate early in the 
life of a member subjected to variable- 
amplitude loading. Frequently the num- 
ber of minute cracks that are formed, 
and which subsequently combine to 
form a visible crack, is a function of the 
peak stresses on a member. The higher 
the peak stresses, the larger the number 
of minute cracks that are formed. Thus 
the rate at which the life of a member is 
consumed depends upon the level of the 
peak stresses applied early in the stress 
history. This effect also should be re- 


flected in the values of Ni, No,- +--+ N; 
used in Eq 1. 
The final phenomenon that was 


omitted from Eq 1 results from the in- 
fluence of cycles at low stress amplitude’ 
following cycles of peak stress. Once 
cracks are formed by cycles of peak 
stress, cycles of low stress propagate the 
cracks and consume fatigue life. A large 
number of cycles of stress just below the 
fatigue limit can consume an apprecia- 
ble amount of the fatigue life of a mem- 
ber. This effect should be included by 
extending the o-N relation below the 
conventional fatigue limit. 


3 Cycles of low stress in this instance refer 
to cycles of stress below the fatigue strength 
(107 cycles) as determined from constant-ampli- 
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The above-mentioned deficiencies in 
the linear-summation hypothesis may 
be simply corrected by using Eq 1 with 
a modified o-N relation that properly 
reflects these phenomena. Based on the 
preceding discussion, it may be antici- 
pated that the appropriate modified 
o-N relation is different from the con- 
ventional o-N relation obtained from 
constant-amplitude experiments at all 
values of stress below the peak stress 
in the stress history. However, for a 
constant-amplitude experiment at a 
stress equal to the peak stress in the 
stress history, the influences of the phe- 
nomena mentioned above are similar in 
both the constant- and variable-ampli- 
tude stress histories. Therefore the modi- 
fied and conventional o-N relations 
coincide at the value of peak stress from 
the stress history. In Fig. 1, the con- 
ventional o-N relation obtained from 
constant-amplitude experiments is shown 
as the solid line ab. If o is the peak 
stress in a stress history, the modified 
a-N relation may take the form shown 
by either of the dashed curves ac or ad. 
The fact that one possible modified 
a-N relation, curve ac in Fig. 1, is to the 
left of ab, and the other possible curve, 
ad, is to the right of ab, emphasizes the 
fact that the various phenomena that 
modify the conventional o-N relation 
may have opposing influences, and the 
modified o-N relation represents the 
resultant of all of these phenomena. 

The phenomena that contribute to the 
modified o-N relation are complex, and 
the appropriate relation is difficult to 
predict quantitatively. However, it is 
frequently observed that for small un- 
notched rotating-beam specimens, curve 
ac in Fig. 1 would be the appropriate 
modified o-N relation. In axial-load ex- 
periments, the introduction of a mean 
stress or a notch or both tends to shift 
the modified o-N relation to the right, 
and in some instances it may approxi- 
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mately coincide with ab. For structural 
components containing riveted joints 
or full-size structures subjected to both 
mean and alternating stresses, the modi- 
fied o-N relation shifts still further to 
the right, toward curve ad. The question 
of obtaining an appropriate modified 
a-N relation will be discussed later. 

Assuming for a moment that an ap- 
proximate modified o-N relation is 
available, the number of cycles to frac- 
ture at stresses 01, oi, will be 
denoted by Ny’, - Ni’, respec- 
tively. Using the modified o-N relation, 
Eq 1 becomes 
m ng 
= 1... (2) 

To estimate the life of a member sub- 
jected to cycles of stress at variable am- 
plitude, it is convenient to redefine the 
quantities in Eq 2 in terms of the varia- 
bles that appear in the load or stress 
spectrum. If N, is the number of cycles 
to failure in a variable-stress-amplitude 
experiment, the number of cycles m at 
the peak stress o; will be denoted by 
. Similarly, m2 = = 
a;N, . Making these substitutions in Eq 
2, the resulting expression can be solved 
for the fatigue life NV, , giving 


N, at 6 
ay 
yt Ni Ne 
oe Ny’ 
Ny Ny 
Finally, 
Ny 
Ne : (3) 


aie since a; was defined as the 
peak stress, V; = Ny’. 

For many materials it has been found 
that the portion of the o-N relation that 


is of interest can be adequately repre- 
sented by a straight line on a log-log 
diagram. When this is the case, the 
conventional o-N relation can be repre- 
sented by a relation of the form 


log o=A— log (4) 


where A is the intercept of this line at 


1 


N = 1, and (5) is the slope of the line. 


Similarly, the modified o-N relation is 
given by 


The intercept A’ is adjusted so that 
the two lines, Eqs 4 and 5, intersect at 
the point o,, Ni; however, the modi- 
fied o-N relation is not defined for 
stresses larger than o; , the peak stress in 

1 
the stress history. The slope 7 
larger than, equal to, or smaller than 


may be 


3° 4s discussed previously. 


Ny 
Using Eq 5, the ratio Ni appearing 


in Eq 3 may be expressed in terms of the 
stresses 01, 02,°°* * aS 


\o N;’ 
Upon substitution into Eq 3, the ex- 


pression for the fatigue life NV, becomes 


M 


N, = A 


M 


= . (6) 


Equation 6 is a convenient form for 
use in computing fatigue life N,. In 
Eq 6, the modified o-N relation is repre- 
sented by the parameter d. If d = 6, the 
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modified o-N relation coincides with the 
conventional o-N relation and Eq 6 is 
equivalent to Eq 1, but arranged for 
convenient computation of V,. If d > 
5, the modified o-N relation corresponds 
to line ad in Fig. 1, and, conversely, if 
d < 6, the modified o-N relation corre- 
sponds to line ac. 

It is interesting to note that Eq 6 
contains one experimental parameter, d, 
in addition to those contained in Eq 1. 
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EXPERIMENTAL INVESTIGATION 


In this study, 7075-T6 aluminum 
alloy wire specimens were used (6,7). 
The yield strength at 0.2 per cent offset 
was 69,000 psi, and the ultimate strength 
was 80,000 psi. 

The wire specimens were loaded as a 
deflected rotating strut as shown sche- 
matically in Fig. 4(a@). Rotation of the 
specimens at speeds between 7000 and 
8000 rpm caused completely reversed 
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(b) Layout of the wire machine. pop: : 


Fic. 4.—Schematic Diagram of Wire Machine. 


Considering the deficiencies of Eq 1, 
Eq 6 represents one of the simplest 
forms of equation that could represent 
the data more accurately than Eq 1. 
Returning to the question of the in- 
fluence of the sequence of applying loads, 
it is clear that, for simplicity, it would 
be highly desirable to be able to ignore 
the sequence of cycles of stress in a 
repeated block. Because it is impossible 
to predict the sequence of loads in many 
service applications, an influence of 
stress sequence within a repeated block 
simply means that the accuracy of a 


fatigue life estimate is poor. ad Tae 


cycles of stress, with the maximum 
stress at the center of the specimen 
length. The maximum alternating stress 
was computed using the relation (12): 


(er) (7). 


P = axial compressive load, lb, 
1 = specimen length, in., 
E = modulus of elasticity, psi, 


*The axial compressive steady stress was 
less than 1 per cent of the oltemeting eal 
stress, and was ignored. = 
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I = moment of inertia of cross-section, path CD. Path CD was constructed to 
in.‘, produce approximately zero bending 
A = maximum deflection at the speci- moment at each end of the specimen 
men midpoint, in., and (12). For the two-stress, repeated-block 
c = radius of cross-section, in. history shown in Fig. 2, the specimen 
TABLE I.—FATIGUE DATA. 
| Log Ng 
High Stress, | Low Stress, Per Cent of Standard , Ng (antilog 
a1, pai , psi Stress Sequence at Deviation’. | ° log 
| Mean | Confidence 
its 
50 000 | 100 | 4.2544 | 0.0320 | 0.0685 | 18 000 
30 000 100 | 5.2900 | 0.0368 | 0.0766 | 195 000 
50 000 | 100 | 4.2720 | 0.0132 | 0.0275 18 700 
Two-Stress, Repeatep-Biock Stress History 
4 Hi-Lo 4.6485 | 0.0162 | 0.0337 44 500 
60 000 | © oO { 4 Lo-Hi 4.6900 | 0.0218 | 0.0455 | 49 000 
10 Hi-Lo 4.6390 | 0.0237 | 0.0494 43 600 
coc | oom { 10 Lo-Hi 4.6779 | 0.0203 | 0.0422 | 47 600 
4 Hi-Lo 5.2320 | 0.0208 | 0.0433 | 170 600 
oe | oe { 4 Lo-Hi 5.2856 | 0.0323 | 0.0674 | 193 000 
10 Hi-Lo 5.0176 | 0.0211 | 0.0439 | 104 100 
50 000 | 30 00 { 10 Lo-Hi 5.0509 | 0.0170 | 0.0353 | 112 400 
4 Hi-Lo 5.5985 | 0.0145 | 0.0303 | 396 700 
608) | ee { 4 Lo-Hi 5.6268 | 0.0140 | 0.0293 | 423 500 
10 Hi-Lo 5.1929 | 0.0059 | 0.0123 | 155 900 
see | 2 { 10 Lo-Hi 5.2296 | 0.0143 | 0.0299 | 169 700 
Continuovus_y VaryinG Stress History 
high 5.3836 | 0.0167 | 0.0349 | 241 900 
medium-high 5.3960 | 0.0202 0.0421 248 900 
O00 | 16 medium 5.3762 | 0.0181 | 0.0378 | 237 800 
low 5.3926 | 0.0162 | 0.0337 | 247 000 


Referring to Fig. 4, the dimensionless 


A 
EI and T are functions of the 
Ec 


angle @ only. The quantity ry 
stant for a particular material and 
geometry. 

The stress amplitude was varied by 
shifting the specimen end B along the 


ratios 


is a con- 


end B was shifted between two pre- 
determined positions on the path CD by 
a solenoid controlled by a synchronized 
cam. The continuously varying stress 
history shown in Fig. 3 was obtained by 
attaching specimen end B to a contour 
cam through a cam follower. The stress 
patterns shown in Figs. 2 and 3 were 


repeated every 10,000 cycles. | 


_| 


The wire, which was received in 
straightened 3-ft lengths, was cut to 
length, cleaned with acetone, and coated 
with a thin layer of petroleum jelly to 
establish a reproducible surface en- 
vironment for all specimens (7). The 
specimens were tested in the as-drawn 
surface condition. 

For the two-stress, repeated-block 
history, a high stress (0;) of 50,000 psi 
and three values of low stress (o2) of 
20,000, 30,000, and 40,000 psi were used. 
For each of the three combinations of 
high and low stress, two values of the 
fraction of cycles at the high stress, 
a = 0.04 anda = 0.10, were used. Thus 
six combinations of conditions were used 
to investigate the influence of sequence 
of low and high stresses. In Fig. 2 the 
sequence denoted Lo-Hi started at the 
beginning of the low stress cycles in the 
interval; similarly the Hi-Lo sequence 
started at the beginning of the high 
stress interval. Twelve sets of data of 
20 specimens each were obtained. 

For the continuously varying stress 
history shown in Fig. 3, the peak stress 
in the history was chosen as 50,000 psi, 
and the minimum amplitude of stress 
was 0.3 of the peak, or 15,000 psi. One 
revolution of the contour cam was 
divided into 200 parts and calibrated to 
establish the curve shown in Fig. 3. For 
this load history, four starting points 
were selected, denoted by high, medium- 
high, medium, and low in Fig. 3. For 
each starting point, 20 specimens were 
used. 

A logarithmic-normal frequency dis- 
tribution was assumed in the analysis 
of all data. The experimental conditions 
are given in the first four columns of 
Table I, and the results of the statistical 
analysis of the fatigue data are given in 
the next three columns. The last column 
is the value of fatigue life NV, in cycles 
obtained from mean log N, . 

From inspection of Table I, it is clear 


A SPITZER AND CORTEN 


that there was a difference between the 
Hi-Lo and Lo-Hi sequence for the two- 
stress, repeated-block experiments. The 
Hi-Lo sequence consistently led to the 
shorter life but the difference was small. 
The ratio of the longest life to the 
shortest life ranged from 1.07 to 1.14. 
Based on 95 per cent confidence limits, 
some of the values of life for the Hi-Lo 
sequence overlapped the lives for the 
Lo-Hi sequence, while others did not. 
In the Lo-Hi sequence, if it is assumed 
that no damage is done by the cycles of 
low stress that precede the first high- 
stress cycles, it would be reasonable to 
expect that the life of the Lo-Hi se- 
quence would be nearly one block of 
cycles (9000 to 9600 cycles) longer than 
the Hi-Lo sequence. The absolute differ- 
ences in fatigue life range from approxi- 
mately } to 2 repeated blocks of cycles. 

For the continuously varying stress 
histories, the fatigue lives for the four 
sets of data are very similar. The longest 
one is less than 5 per cent longer than 
the shortest one. The 95 per cent con- 
fidence limits of all four sets of data 
overlap, indicating that the differences 
in the fatigue lives are not statistically 
significant at this level. 


DISCUSSION OF RESULTS 


The results presented in Table I pro- 
vide a direct answer to the question of 
the influence on fatigue life of the se- 
quence of loading within each repeated 
block. However, this question is only one 
phase of the problem of estimating the 
fatigue life of members and structures. 
The larger problem is how to ¢ e’ermine 
the appropriate modified o-N relation. 
The concept of a modified o-N relation 
as outlined earlier contains the assump- 
tion that this relation is unique for a 
particular specimen configuration and 
peak stress. If this is so, then the same 
modified o-N relation will be obtained 
regardless of the nature of the load spec- 
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trum below the peak stress. In practical 
terms this means that the simplest stress 
history—the two-stress, repeated-block 
history—is adequate to determine the 
value of d in Eq 6 for use with any com- 
plex loading condition. Since a small in- 
fluence of stress sequence was observed, 
it appears desirable to examine the error 
introduced in the computed fatigue life 
for conditions of continuously varying 
stress amplitude. 

This question will be taken up in two 
phases: (1) the determination of values 
of d from the two-stress, repeated-block 
stress histories, and (2) computation of 
the fatigue life N, for the continuously 
varying stress history using those values 
of d. 

To evaluate d, the inverse slope of the 


On EFFect OF LOADING SEQUENCE ON FATIGUE DAMAGE 


727 


modified o-N relation from the two- 
stress, repeated-block experiments, Eq 
6, may be simplified to 


N 


It is convenient to replace the ratio 
02 é 


by the symbol (R'/*) for experi- 


mental evaluation.® Solving for R'/* gives 


5 The quantity (R'/*) is used simply to main- 
tain consistency of symbols with previous 
publications (5-8). 
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rimental Determination of d for Use in Eq 6 from Two-Stress, Repeated-Block 
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From experimental values of ae, 
and ae , values of R'/* were computed 
from Eq 9 for each experimental condi- 
tion. The value of d was determined 
from the relation 


d 
Rue = 


First, the logarithm was taken of both 
sides of Eq 10, giving 


log = d log ..... (11) 
It was then noted that d is the slope of 


© Dota From Previo: 
Investigation (7) 
4 Data From Present 
investigation, Each 
Point Represents 
Mean Log N From 
20 Specimens 


{ 


Log N 


Fic. — Diagram for 7075-T6 Aluminum 
Alloy Wire. 


the line through the data points in a 
diagram with log R'/* as the ordinate 
and log (¢2/c;) as the abscissa. 

In Fig. 5, experimentally determined 
values of log R'/* computed from Eq 9 
are shown for the appropriate values of 
log (¢2/o1). In computing the values of 
R'/* from Eq 9, values of a; and az were 
computed from the final values of mean 
log N,. Since the mean fatigue lives 
usually did not coincide with an integral 
number of repeated blocks of cycles, 
the nominal values of a; given in Table I 
were adjusted to represent more closely 
the actual situation. In general, these ad- 
justments of a and a2 were small; how- 


ever, they tended to reduce the scatter 
of data in Fig. 5. 

In Fig. 5, the data exhibit surprisingly 
little scatter for o2/o, of 0.8 and 0.6, but 
the scatter is greater at 0.4. This tend- 
ency has been observed previously (7) 
and tends to indicate that if only a few 
sets of data are available, greater accu- 
racy in the determination of d is ob- 
tained for a stress ratio in the neighbor- 
hood of 0.6. 

Four lines have been drawn in Fig. 5. 
The two dashed lines represent the best 
fit to the Lo-Hi data and the Hi-Lo data. 
The solid line between the dashed lines 
is the line of best fit to all of the data. 
These results indicate that the value of 
d is sensitive to the influence of sequence 
of stressing. The influence of this varia- 
tion of d on the estimate of fatigue life 
N, will be considered later. 

The other solid line in Fig. 5 repre- 
sents the inverse slope, 6, of the con- 
ventiona] o-N diagram and was included 
for comparison with the data. This line 
was obtained from the three sets of data 
obtained at a constant stress amplitude. 
These data are shown in Fig. 6 plotted 
on a double logarithmic o-N diagram. 
For comparison, constant-amplitude 
data obtained previously (7) are also 
shown. The previous data covered a 
range of stresses from 20,000 to 70,000 
psi and exhibited a linear relation in Fig. 
6. Therefore it is reasonable to expect a 
linear relation for the present data even 
though the number of data points is 
small. 

In the present work an average value 
of d = 5.4 was obtained, and 6 was esti- 
mated at 4.66. In previous work the 
average value of d was 5.8, and 6 was 
5.4. Considering the uncertainty in the 
value of 6 obtained in the current work, 
the differences between d and 6 in the 
current and previous work are similar; 
however, the cause for the change in 


absolute values is not known. 
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The value of NV, was computed using 
Eq 6. To evaluate the denominator of 
Eq 6, the continuously varying stress 
history was divided into 20 equal stress 
increments and the number of cycles in 
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Fraction of Cycles in Each Stress interval,@; 


Fic. 7.—Stress Spectrum for Continuously 
Varying Stress History. 
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each increment was counted. To illus- 
trate the stress spectrum, the number of 
stress intervals was reduced to 10 as 
shown in Fig. 7. The fraction of the 
cycles in each interval was plotted as the 
abscissa on a logarithmic scale, and the 
stress ratio o;/o, was plotted as the 
ordinate. Frequently, stress spectrum 
diagrams of this type produce a nearly 
linear variation of log a with o;/o. 
The particular cam used in this study 
caused a relatively large number of 
cycles to occur in the peak stress inter- 
val. Previous work (7) indicates, how- 
ever, that the fatigue lives are not in- 
fluenced in any unusual manner by the 
large value of a in the peak stress inter- 
val. 

The computation of fatigue life NV, is 
illustrated in Table II. The stress inter- 
vals are shown in the first column and 
the mean stress ratio for each interval 


TABLE II.—COMPUTATION OF FATIGUE LIFE N, FOR CONTINUOUSLY VARYING 
STRESS HISTORY USING EQ 6.* 


d 
Stress Ratio Increments = (“) a; a(“) 
a 0.9825 0.9090 0.020 0.0182 
0.965 to 0.931............ 0.9475 0.7474 0.010 0.0075 
0.930 to 0.896............ 0.9125 0.6099 0.010 0.0061 
0.895 to 0.861............ 0.8775 0.4938 0.005 0.0025 
0.860 to 0.826............ 0.8425 0.3964 0.005 0.0020 
0.8075 0.3152 0.015 0.0047 
6.908. 0.7725 0.2481 0.030 0.0074 
0.756 to 0.7375 0.1932 0.025 0.0048 
0.720 to 0.686............ 0.7025 0.1486 0.025 0.0037 
0.685 to 0.651............ 0.6675 0.1127 0.030 0.0034 
©.680 to 0.616............ 0.6325 0.0843 0.030 0.0025 
0.615 to 0.581............ 0.5975 0.0620 0.030 0.0019 
0.580 to 0.546............ 0.5625 0.0447 0.025 0.0011 
0.546 to 0.511............ 0.5275 0.0316 0.110 0.0035 
0.510 to 0.476............ 0.4925 0.0218 0.095 0.0021 
0.475 to 0.441............ 0.4575 0.0185 0.100 0.0018 
0.440 to 0.406............ 0.4225 0.0095 0.105 0.0010 
6.05.2! 0.3875 0.0060 0.095 0.0006 
0.370 to 0.336............ 0.3525 0.0036 0.090 0.0003 
0.335 to 0.300............ 0.3175 0.0020 0.145 0.0003 
\d 
Sa; = = 0.0754. 
1 

“o 0.0754 238,300 cycles, flied te in 


’ 
r 
4 
7 
| 
~ 
: 


730 


is listed in column two. A value of d = 
5.4, the average value for all of the data, 
was used in the computation, and values 
of (¢;/0,)? are listed in column three. 
The values of a obtained from counting 
the cycles in each stress interval are 
listed in column four, and the product 
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putations are shown in Fig. 8. The life 
N, is shown as the ordinate and d as the 
abscissa. The curve of N, as a function 
of d is nearly linear and relatively flat. 
Thus JN, is relatively insensitive to small 
variations in the value of d. In terms of 
the values of d found from Fig. 5 for the 
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Fic. 8.—Influence of Exponent d in Eq 6 on Computed Fatigue Life N, for Continuously Varying 


Stress Amplitude Spectrum Shown in Fig. 7. 


a(¢;/o:)¢ in column five. Summation of 
column five gives the value of the de- 
nominator in Eq 6. The remaining com- 
putations for NV, are shown below Table 
II, resulting in a fatigue life, N,, of 
238,300 cycles. Comparison with the 
experimental values in Table I indicates 
excellent agreement. The maximum dif- 
ference is less than 5 per cent. Note also 
the simplicity of the computations. 

The life computation discussed above 
was made with d = 5.4. The influence 
of the value of d on the life was investi- 
gated by computing the life for a series 
of values of d. The results of these com- 


Hi-Lo sequence, d = 5.6, and for the 
Lo-Hi sequence, d = 5.1, the computed 
lives are: 


Hi-Lo sequence, N, = 220,000 cycles 
Lo-Hi sequence, N, = 250,000 cycles 


From these values of life, it is clear that 
the sequence of stressing in a two-stress, 
repeated-block experiment has a small 
influence on estimates of fatigue life; 
however, the ratio of NV, for d = 5.1 to 
N, for d = 5.6 is only 1.14. Thus, from a 
practical point of view, the sequence of 
stresses appears to have a small, practi- 


4 060 0 


cally negligible influence. Other factors 
enumerated earlier produce differences 
of several hundred per cent. Until these 
other factors are better understood and 
controlled, it appears that the influence 
of sequence of stressing on fatigue life 
in repeated-block experiments may be 

disregarded. 
Pl 

The following conclusions appear justi- 
fied: 

1. In two-stress, repeated-block ex- 
periments, the influence of the sequence 
of stressing is present but it is small. 
For the stress sequences denoted Lo-Hi 
and Hi-Lo, the ratio of the fatigue lives 
(antilog of mean log N) varied from 
1.07 to 1.14. 


CONCLUSIONS 
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2. In the continuously varying stress 
history experiments, the sequence of 
stressing caused no measurable differ- 
ence in fatigue life. From four sets of 
data, the ratio of the longest to shortest 
fatigue life was less than 1.05. 

3. The fatigue life for continuously 
varying stress history experiments can 
be accurately estimated using Eq 6 and 
a value of d determined in two-stress, 
repeated-block experiments. Using the 
values of d obtained from the Hi-Lo 
sequence and the Lo-Hi sequence—two- 
stress, repeated-block experiments—a 
difference of 14 per cent between the 
two fatigue life estimates was obtained. 
The experimental values of fatigue life 
were bracketed between these two esti- 
mates. 
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A RELATION BETWEEN THEORETICAL STRESS CONCENTRATION 
_ FACTOR AND FATIGUE NOTCH FACTOR DEDUCED FROM 
ne THE CONCEPT OF HIGHLY STRESSED VOLUME* 


é Size and shape effects in existing fatigue data are accounted for by a simple mizeny 


analysis based on the fact that a decrease in fatigue strength accompanies an 
increase in the volume of material subjected to at least 95 per cent of the 
maximum stress. A linear relation is established between the logarithm of the 
. maximum stress and the logarithm of the appropriate volume, which is equally _ 
? valid for smooth and notched members. Based on this analysis, the fatigue ire) 
notch factor is expressed as a function of the theoretical stress concentration 
factor, the root radii of the notched and unnotched specimens, and the diam- __ 
eters of the specimens. This is proposed as a simple, adequate relation for use 


wh} 


in design. 
NOTATION M Bending moment, in.-lb. 

A Area formed by the intersection of 7 Notch sensitivity factor 
the highly stressed volume, V, with ” Radius of the profile of a eotam, 
a plane containing the center line of in. 
the specimen, sq in. S Statistical standard deviation 

‘ Exponent , t Thickness of a plate, in. 

B Coefficient depending on the mate- V Volume of a specimen subjected to 
rial 95 per cent and more of the maxi- 

c Coefficient . mum stress, cu in. 

b Width of a plate, in. W Section modulus, in’. 

d Critical or smallest diameter of a Seye/Sajn 


a 
Al Semibase of the triangle formed by 


specimen, in. : 
% the area A, in. 


d, Diameter of a specimen at the ex- - , 
tke V.in os The fatigue strength of a metal, psi 
d' Distance between centroids of areas (for aluminum alloys, the (ous oe 
A. in responding to 107 cycles) 
F Area of the cross-section of a plate, Maxim psi 
sq in. Tnom Nominal stress, psi oe 


G Specific stress gradient, 1 /in o. Ultimate strength, psi 
, 1/in. 


h Height of the area A, in. Subscripts: \ are 
K, Theoretical stress concentration fac- 7” for notched specimens 
tor $ for smooth specimens 
* Presented at the Sixty-fourth Annual It is well known that most metal 


Meeting of the Society, June 25-30, 1961. - 
1 Professor, University of La Plata, La ™embers with stress raisers do not fully 


Plata, Argentina. =” La respond to the reduction of fatigue 


_ KUGUEL ON STRESS CONCENTRATION AND FATIGUE NotcH Factors 733 


strength predicted by the “theoretical 
stress concentration factor’ K, as de- 
fined by 


where omax is the maximum elastic stress 
caused by the stress raiser and gnom is 
the nominal stress computed from the 
ordinary formulas of strength of mate- 
rials at the same cross-section. For this 
reason an empirical factor K,;, the 
“fatigue notch factor,” given by: 


should be used in design. In Eq 2, os, and 
ayn are the fatigue strengths for smooth 
and notched specimens, respectively. 
Except for a few very dubious cases, the 
inequality Ky; < K;, is observed experi- 
mentally. Among the explanations that 
have been advanced regarding this in- 
equality, the one based on inelastic de- 
formation at the root of the notch is the 
most popular. Nevertheless, it does not 
fully and consistently explain the phe- 
nomenon. 

The important question that arises in 
design is the prediction of the appro- 
priate value of K; . Here, the important 
concept of a “notch sensitivity factor,” 
q, as defined by: 


ma 


Pe 


was introduced by Peterson (1).? The g 
factor has the merit of providing a scale 
for the notch sensitivity that varies be- 
tween g = 0 (no notch effect) and g = 1 
(full theoretical effect). Peterson sug- 
gested that g depends upon the radius of 
the notch r, and the hardness of the 
material and has provided diagrams 


2 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


showing the relation between g and r, for 
different materials. 

With regard to the g factor, two ques- 
tions require further consideration. First, 
it is suggested that 7, does not constitute 
a complete representation of a notch. In 
addition, a comparison of experimental 
data with the above mentioned diagrams 
for different materials indicates that gq is 
very sensitive to experimental errors and 
scatter of data. Based on data where 
statistical confidence limits on the fatigue 
strength have been estimated, the rela- 
tion among q, 7, , and the material prop- 
erties as suggested by Peterson requires 
further examination. 

In this paper, the relation between Ky 
and K;, is considered from a new point of 
view based on the concept of “highly 
stressed volume” V, as reported in a 
previous work (2), which is summarized 
below together with results of the appli- 
cation of the concept to size and shape 
effects. The feasibility of this approach 
has also been contemplated by Peterson 
(3). The present paper considers the 
problem in terms of V, and V,, the 
highly stressed volume in the smooth 
and notched specimens, respectively. 


THe CoNCEPT OF HIGHLY 
STRESSED VOLUME 


From an engineering point of view, 
measurements of fatigue strength in 
laboratory experiments are valid and 
useful to the extent that these values can 
be translated from small specimens gen- 
erally used in this type of test to actual 
structural parts. 

To translate values of fatigue strength 
from small laboratory specimens to 
structural members, the influence of 
the following variables, among others, 
must be considered: stress concentration 
due to notches, the variation of the fa- 
tigue strength with the volume (size 
effect), the shape of the actual element 
(which may differ from the shape of the 


K,-1 
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fatigue specimen), and the possible dif- 
ference in the method of application of 
the loads. 

Each one of these factors has received 
the careful attention of many investi- 
gators, each of whom dealt with the 
design problem from a particular point 
of view—the influence of the notch, the 
decrease of the fatigue strength with the 
diameter, the behavior of different 
shapes under repeated stresses, and so 
on. Unfortunately, the results have not 
always been in complete agreement and 
have never been compared because of 


y 
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(a) Smooth specimen. 


Stress Gradient: 


The surface, where fatigue cracks are 
most frequently initiated, has a great 
influence in fatigue fracture. Hence, the 
condition of the surface deserves careful 
attention in any study directed toward a 
design point of view. 

For a given metal, the surface could be 
defined knowing the following variables: 
(1) environment, (2) roughness, (3) re- 
sidual stresses, and (4) stress gradient. 
It will be supposed that the first three 
factors are constant; the remaining 
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(b) Notched specimen. 


‘Fis. 1.—Highly Stressed Volume V, of a Smooth Specimen Compared with That of a Notched 


Specimen V,, ford, = d,. 


the lack of an appropriate common 
factor. 

The present approach deals with the 
various geometric factors entering into 
the problem of fatigue design in metals, 
namely, the notch, the size and shape 
effects, and the influence of different 
types of loading. The object is to find a 
simple expression with sufficient gen- 
erality and relative accuracy to make it 
applicable in engineering design. 

As a common factor or parameter, the 
influence of the highly stressed volume 
of material was investigated. Although 
a general procedure is outlined, the scope 
of this study is concerned primarily with 
the bending case, owing to the lack of 
appropriate data for other types of load- 
ing. 


variable is therefore the stress gradient, 
given by: 


where y and omax are as defined in Fig. 1. 
Values of G for smooth specimens in 
bending are immediately obtained from 
Eq 4 as: 


It is possible to derive suitable expres- 
sions for other types of specimens from 
Neuber’s formulas (4). For specimens 
with deep notches subjected to bending 
or twisting moments, the derivations are 
presented by Uzhik (5). Approximate 


| 

—... 


Exact. Area 


Approximation 


Fic. 2.—The Assumed Exact Area A and Its 
Triangular Approximation. 
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within a certain statistical margin, two 
specimens have the same probability of 
failure if both have the same highly 
stressed volume of material. By “highly 
stressed volume” is meant the thin layer 
of material subjected to a relatively 
high stress, for example, 95 per cent and 
more Of gmax . For the approximation at- 
tained in this study, any region, or per- 


aha © Unnotched Specimen x Notched Specimen 
years With SAE 4340: e Round Section SAE 4340 
Square Section = 148,800 psi, o,* 137,500 psi 
© Diamond Section Alt ti ; Test 
@ Diamond Fiat Cornered Section 
100 000 
% 90000 = —— aps = | 
= = ~ 
70 000 x + 
> — SAE $3490 (25) 
r=, 60.000 - 
= — 
30000 x: SAE 1035 (9) 
2 Pe SAE 1020 (9) 
20 000 rh 
0.00000! 0.0000! 0.000! 0.001 0.01 1.0 


Highly Stressed Volume of Material, V, cu in. 


Fic. 3.—Relation Between Maximum Stress, K:anom , and Highly Stressed Volume of Material. 


equations for computing G are given by 
Seely and Smith (6). 


Statistical Approach: 

From another point of view, fatigue 
failure is a statistical phenomenon. If 
failures are associated with flaws or de- 
fects in the material, the probability of 
finding a flaw is proportional to the vol- 
ume of material. Therefore, the prob- 
ability of failure increases with the vol- 
ume of material. This logical argument 
is the basis for several statistical theories 
of fatigue (7,8). 


Highly Stressed Volume of Material: 


It is possible to combine the foregoing 
premises, thus demonstrating that, 


centage, may be selected, provided a 
fairly linear stress gradient exists in that 
region. From the statistical point of 
view, the fatigue strength should no 
longer depend, among other factors, on 
the diameter itself, but on the highly 
stressed volume. In addition, it should be 
emphasized that it is possible to get the 
same amount of this volume in a small 
unnotched specimen as in a properly 
dimensioned larger specimen with a 
notch. 


Size Effect: 
The highly stressed volume hypothesis 
was applied first to size effect, that is, the 


decrease of the fatigue strength observed 
in metal specimens when the diameter is 


Triangt 
| 


increased. Data from papers by Morko- 
vin and Moore (9), and Moore and 
Dolan (10), were reexamined. The vol- 
ume V was determined by taking into 
consideration the stress gradient and the 
following simplifying assumptions (see 
Figs. 1, 2, and 7): 

1. The areas A will be considered 
triangular as shown in Fig. 2. 

2. The distance d’ between centroids 
of the areas A is approximately equal to 
the diameter d as illustrated in Fig. 7. 

3. The volume V is subjected to a 
pure bending moment. 
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was drawn passing through the experi- 
mental point that has, in every case, the 
same highly stressed volume: V; = 
0.000,349 cu in. This volume corresponds 
to an unnotched specimen with d = 0.25 
in., and r = 1.25 in. From Fig. 3 the 
parameters in Eq 6 were evaluated as: 


B= 0.763 Tmax 1 


where omax1 is the maximum stress for V; , 
corresponding to the 0.25-in. diameter 
laboratory specimen, and a = 0.034. 
This line and those corresponding to a 
scatter band of +10 per cent are drawn 


} 
j @ Round Section in Alternating Bending 
ee © Round Section in Rotating Bending iw ; 
© Diamond Sharp-Cornered Section in Alternating Bending} 
@ Diamond Modified Section in Alternating Bending 
{ Square Sharp-Cornered Section in Alternating Bending 
30 000 Square Modified Section in Alternating Bending 
= 
= 
> 20000 —o r 
«15.000 
0.0001 0.001 0.0! 0.1 1.0 
- Highly Stressed Volume of Material, cu in. 3 


Fic. 4.—Relation Between Maximum Stress, Konom , and Highly Stressed Volume of Material 


for 24 S-T Aluminum Alloy (13). 


4. The factor K, is not modified in 
magnitude for points on the surface be- 
tween d and d, in Fig. 7. 


Hypotheses 3 and 4 depend for justifica- 
tion on the very small distance Al in- 
volved in the problem. Determinations 
of the volume V are given in Appendices 
I and II.*-* A noticeable decrease of the 
fatigue strength with the volume is il- 
lustrated in Fig. 3, where log V is plotted 
against log omx. The relationship is 
fairly linear. The straight line can be 
represented by the equation: 


= BY. 


In order to make this procedure appli- 
cable in engineering problems, this line 


in Fig. 3. All the data points except two 
lie within this scatter band. The applica- 
tion of the concept of the highly stressed 
volume to the size effect was previously 
discussed by Fowler (11) and Stulen (12). 
They showed that size effect depends not 
only on the volume of the highly stressed 
material, but also the scatter (as meas- 
ured by the standard deviation) of the 
fatigue strength of the reference speci- 
men. 


Shape Effect and Type of Loading: —— 


According to the procedure followed to 
determine the highly stressed volume, 
application of the preceding analysis is 
not restricted to specimens having the 
same cross-sectional shapes or to a 


= 
= 
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particular type of loading. Therefore, 
the technique was extended by consider- 
ing data from Corten and Dolan (13) 
and Dolan, McClow, and Craig (14). 
Figure 4 shows the behavior of 24S-T 
aluminum alloy specimens under flex- 
ural and rotating - bending tests (13). 
Since in this case there are no data for 
specimens with the “index volume,” 
that is, a volume V; = 0.000,349 cu in., 
it is not possible to apply Eq 6. Never- 
theless, it is shown that the specimens 
follow the general trend. From Fig. 4 it 
is clear that the sharp-cornered sections 
exhibit a very definite reduction of 
strength, in addition to the effect of the 
highly stressed volume. In Fig. 3 data 
for an SAE 4340 steel are shown corre- 
sponding to four different shapes of 
cross-section under alternated bending, 
according to Dolan, McClow, and Craig 
(14). These data lie within the same 
scatter band as determined for the other 
SAE 4340 steel (10). No correction was 
made for the difference in the static 
properties. 


THE RELATION BETWEEN THE THEORET- 
ICAL STRESS CONCENTRATION FACTOR 
K, AND THE FATIGUE NoTCH 
Factor Ky 


The relation between K, and Ky will 
be considered in terms of the highly 
stressed volume concept. Equation 6 
may be substituted into Eq 2 to give a 

om = BV 


new relation for K; : 


Ky V,, \0-0%4 


K; = 


Finally: 


Considering both smooth and notched 
specimens of the same diameter, it is 
evident from Fig. 1 that V, will always 
be smaller than V, ; consequently, Ky 
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will always be smaller than K,. Thus, 
from Eq 7 is deduced the well-known 
experimental inequality, K; < K,. 

Quantitative evaluation of Ky, based 
on Eq 7 will now be undertaken for 
members subjected to rotating bending 
and axial repeated loading. 


Shallow Notched Specimens in Rotating 
Bending: 


For a specimen of diameter d and 
profile radius r, the general expression 
for V in rotating bending is given (see 
Appendix by: 


- 
V =0.02 Goce (8) 
2 
For smooth specimens, G = 7? and Eq 
8 becomes 
V, [0.01 Vrd5.... (9) 
for shallow notched specimens, = 
x | and Eq 8 is 
Vn & 0.008 (10) 


The ratio K;/K, from Eq 7 may be 


written, using Eqs 9 and 10, as: 


and, for d, = d, = d, = 


0.051 


= (0.8)°.0% (11) 


Thus, the ratio K,/K, depends solely 
upon the geometry of the critical section 
of both smooth and notched specimens, 
and not upon the material. Further 
consideration of the influence of the ma- 
terial is given later in the Discussion. 
The influence of each of the geometric 
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K+ 


Fic. 5.—Relation Between K, and Ky for Varying Dimensions d, r,, and r, (K, Determined 


According to Peterson (1,p.47)), 


characteristics, r,, d, and r,, can be 
estimated from the following expression: 


a(K,/K,) 


Orn 

(K;/K,) K;/K: 

K,;/K; 


Replacing the derivatives by their val- 
ues, and simplifying: 
d(K,/K;) drn 


=+0051—- 
(K,/Ki) 


Therefore, a unit variation of 7, has 
three times the effect of r,, and 1.5 
times that of d, on the variation of 
K;/Ke. 

For the purpose of discussion, it is 
convenient to consider specific illustra- 
tions. 


Example I.—Determine the relation be- 
tween Ky and K, for specimens with the 
following dimensions d = 0.3 in. and r, = 


Equation 11 becomes 
Kf = 
= . (12) 


In Fig. 5(a) the relation between Ky, and K, 
given by Eq 12 is shown. The values of K, 
(determined from Peterson (1)) correspond 
to a range of notch radii, 7, , from 0.003 to 
0.090 in. In addition, a scatter band enclos- 
ing a region of +10 per cent on either side 
of the curve representing Eq 12 is shown. 

Experimental data (15,16) are also shown 
in Fig. 5(a). The data lie above the values 
given by Eq 12 but well within the scatter 
band. The significance of the difference be- 
tween the data and the curve representing 
Eq 12 will be considered in detail later. 

Example II—The relation between Ky 
and K, for specimens with dimensions d = 
1 in. and r, = 5 d is given by Eq 11 as 
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Ky = K,(0.358+/73,)°-™ 
= (13) 


The relation between K; and K, given by 
Eq 13 is shown in Fig. 5(b). Experimental 
data extracted from Moore and Jordan (15) 
lie above the curve but within the +10 per 
cent scatter band. 

Example IIIT—The relation between K, 
and K; for specimens with dimensions d = 
0.3 in., and r, = 10d is given by Eq 11 as 


Ky = 
= 1,0148K,(r,)°. . (14) 


The relation between Ky and K, given by 
Eq 14 is shown in Fig. 5(c). 


As noted previously, the influence of 
the notch radius r, on the ratio K;/K, 
is largest, followed in decreasing impor- 
tance by d and r,. The range of values 
of d and r, encountered in most investi- 
gations of notch sensitivity has been 
limited frequently to a range no larger 
than that considered in the above ex- 
amples. From Eqs 12, 13, and 14, the 
largest difference between values of K, 
was less than 6 per cent and this differ- 
ence occurred when the value of d was 
changed from d = 0.3 in. tod = 1.0 in. 
It is possible to determine the variation 
of the numerical coefficient of Eqs 12, 13, 
and 14 from the expression 


0.89.04 


= ~0.017 70.034 


for extreme values of d and r, that might 
be used in fatigue specimens. For ex- 
ample, for a small specimen, d = 0.125 
in. and r, = 3d = 0.375 in., the value of 
C is 1.1083. For a large specimen, d = 
1 in. andr, = 10d = 10 in., C is 0.9544. 

Thus, a wide variation of the geo- 
metric characteristics of smooth fatigue 
specimens produces only approximately 
15 per cent change in C. Naturally, the 
difference would be larger if an actual 
structural or machine member were con- 
sidered. From this, it may be concluded 


| 
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that most of the datz in the literature on 
notch sensitivity will exhibit such a 
small influence due to changes of d and r, 
that the difference is not measurable 
except possibly when many specimens 
are tested and analyzed statistically. 
Hence, Fig. 5(c) has been taken as the 
basic curve for comparison with data for 
a large number of similar types of speci- 
mens. The experimental values have 
been extracted from Kuhn and Hard- 
rath (17) for a range of values of K; be- 
tween 1.4 and 2.8. A total of 112 sets of 
data summarizing values of K, and K; 
have been included. 


TABLE IL—COMPUTED VALUES COM- 
PARED WITH EXPERIMENTAL VALUES 
OF K;. 


Ky, Experimental 
Ky, Com- 
puted |For 24S-T3/For 75S-T6| sag 
Aluminun |Aluminum | 4; 39 Steel 
Alloy Alloy 
1.8 1.8 1.9 1.9 
1.6 1.8 1.9 
ee 3.0 3.1 4.0 3.4 
eves 2.8 2.4 3.2 2.8 
Ditkdawt 3.6 3.4 5.0 4.7 


Of the 112 registered points in Fig. 
5(c), 87 (78 per cent) lie within the +10 
per cent scatter band. 

Plates Loaded Repeatedly in Axial Ten- 
sion-Com pression: 
_ The volumes V, and V, required to 
evaluate Eq 7 are given (see Appendix 
IT) by: 
Vs = 


for unnotched specimens. Similarly, _ 


Va = 


for shallow notched specimens, and © 


Vn = 
for deep notched specimens. ‘eth 


See p. 746. 


These equations were used to deter- 
mine the values of K; for plates subjected 
to axial loads. The computed values are 
compared with experimental values ex- 
tracted from Grover, Bishop, and Jack- 
son (18, 19), in Table I. A +10 per cent 
scatter band includes 56 per cent of the 
18 sets of experimental data. = 


DISCUSSION 


Basis for Selection of the +10 Per Cent 
Scatter Band: 


Two characteristics of fatigue data 
that affect the accuracy of measurement 
of notch sensitivity are the large scatter 
of data and the possible large influence of 
several “incidental” variables. 
Several of the factors that produce 
systematic errors will be reviewed briefly, 
followed by a discussion of the statistical 
variability of data. 
Method of Preparation of Test Speci- 
mens.—The fatigue strengths of speci- 
mens made from the same material 
vary significantly if the specimens are 
machined and finished in different 
machine shops, or by different operators 
in the same machine shop. The irregular 
behavior is caused by variations in re- 
sidual stresses, surface cold working, and 
surface roughness introduced by the 
different techniques employed in machin- 
ing and polishing the specimens. 
Gohn and Fox have reported (20), for 
example, a difference of 25 per cent in 
the fatigue strength of hard-drawn grade 
A phosphor-bronze specimens in rotat- 
ing-bending tests machined by two dif- 
ferent machine shops, both in accordance 
with the methods given in the ASTM 
Manual on Fatigue Testing (21). 
Even when all specimens are prepared 
‘by the same operator, the difference in 
root radii between unnotched and 
notched specimens usually makes it im- 

possible to employ similar machining 
and polishing techniques on the two 


types of specimens. These factors may 


—| | 
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introduce systematic differences and an 
inherent lack of reproducibility between 
otherwise comparable experimental de- 
terminations of notch sensitivity. 
Influence of Normally Uncontrolled 
Environmental Conditions During Test- 
ing.—Most of the fatigue tests performed 
at room temperature are without ac- 
curate control of such periodically vary- 
ing environmental conditions as tem- 
perature and water content of the air in 
the laboratory. Nevertheless, these vari- 
ables may have a small but consistent 
influence on the life of the specimens. 


TABLE II.—RESULTS OF CONTROLLED 
FATIGUE TESTS. 


1 +2 
Stand- 
le ar 
Material PS! psilDevia-| Devia- 
tion, | tions, 
4 


SAE 1050 steel.....|40 800) 4100} 1000) 2 000 
Annealed Armco 
29 800} 3000) 2300) 4 600 
Quenched and 
spheroidized SAE 
4340 steel... .... 62 500} 6300) 2700) 5 400 
Quenched and tem- 
pered SAE 4340 
97 600) 9800) 7200)14 400 


For instance, Liu and Corten have 
found (22) that the water content of the 
air influences the life of uncoated alumi- 
num alloy specimens under repeated 
stresses: an increase of water content 
from 12 to 120 grains per lb of dry air 
decreased the fatigue life by a factor of 
approximately 2. 

Statistical Nature of Fatigue—The 
most important source of random scatter 
in the measurement of K;,; is the statisti- 
cal nature of the fatigue phenomenon 
itself. Heterogeneities in the material are 
the sources for the origin of fatigue 
cracks, and hence of fatigue fracture. 
Individual specimens of a single statisti- 
cal population exhibit a large range of 
scatter in life and a corresponding scatter 
in fatigue strength. onthe 


In the experimental determinations of _ 
Ky; summarized in Fig. 5(c), it was com- 
mon practice to base the value of K; on _ 
the results of several specimens tested in 
the region of the fatigue limit (or fatigue 
strength at 10’ cycles). Each investiga- 
tion employed a larger number of speci- _ 
mens, but the value of Ky; was deter- 
mined by the few specimens that were | 
tested at stresses very close to the fatigue 
strength. Thus, it is appropriate to in- 
quire as to how much scatter may be 
present in the above mentioned results — 
by examining the statistical variability, _ 
that is, the standard deviation, that — 
must be associated with the fatigue 
strength. 

Carefully planned and controlled tests — 
(23) in which all but the statistical sources © 
of scatter were minimized gave the re- — 
sults shown in Table II. Table II indi- 
cates that a +10 per cent scatter band 
covers a range slightly larger than en 
standard deviation for two sets of data, 
slightly larger than 2 standard deviations 
for a third set of data, and about 4 stand- 
ard deviations for the fourth set of data. 

In view of the fact that the quantity 
K, is the ratio of two values of fatigue __ 
strength, it is appropriate to inquire how : 
the standard deviation for K, is related - 
to the standard deviation of either value 
of fatigue strength. For a quotient such __ 
as 


( 


the standard deviation Sx, is given by 
Volk (26): 


2 2 a 
Fyn 
fe 
where Ky; , és, , and Gs» are, respectively, 
the mean values of Ky, and 
Dividing both sides of Eq 15 by K, and 
substituting (Kyéjn) for gives 
Sry Sin, 


| 
t 
t 
r 
f 
e 
e 
t 
Ss 
r 
e 
r 
n 
e 
e 
if 
d 
n 
d 
y 


For convenience, let Se,, = @Se,,, 
where frequently a > 1, since notched 
specimens exhibit less scatter than un- 
notched specimens. Then 


742 ON StrRESS CONCENTRATION AND FaticGuE NotcH Factors 


and so on, do not coincide to give a 
rather unusual lack of dispersion. 

From the data in Fig. 5(c), where 78 
per cent of 112 sets of data were included 


within the scatter band, it may be esti- 
(<) +1 (==) mated that the +10 per cent band 
Ky Fyn corresponds approximately to +1.2 
er standard deviations. 
A more accurate analysis of scatter is 
14+ (KY (= _..47) desirable; however, at the present time 
“tt Ola a Fs adequate statistical data are scarce. 
20 hte 
Taal 
¥ | © | ° 
- j 
athite @ 9 ° 
otal ‘te 4 70000 90000 110000 130000 150000 170000 190000 
Value of K¢ according to Fig. 5 (c) inl 


----t 10 per cent scatter band 


Fic. 6.—Ky versus o, for SAE 1020, SAE 1035, SAE X4130, and SAE 4340 Steels for K, = 2 (Ac- 


cording to Data from References (24) and (25)). 


From Eq 16 or 17 it is obvious that 
the ratio Sx,/K; is larger than either of 
the ratios S¢,,/és. or Sos,/Fjn - This is 
necessary, since the value of the term 
under the square root in Eq 16 or 17 is 
necessarily larger than one. Thus, in 
terms of a scatter band, the width of the 
scatter band of Ky expressed as a per- 
centage of K, is larger than the scatter 
band associated with either or . 

Once having accumulated the above- 
mentioned sources of dispersion, it may 
be concluded that the +10 per cent 
scatter band gives a conservative esti- 
mate of the scatter that must be expected 
in determinations of Ky; whenever the 
occurrence of special characteristics of 
the material, geometry of the specimen, 


Scope and Limitations of the Present Ap- 
proach: 


It is the author’s belief that factors 
other than the geometric characteristics 
included in the calculation of the volumes 
V have a small influence on the relation 
between Ky, and K;. Hardness of the 
material, heterogeneity of the crystalline 
structure, and localized inelastic defor- 
mation probably influence this relation. 

Considering the amount of scatter 
that must be expected in the determina- 
tion of K;, however, it appears impos- 
sible to evaluate these factors from avail- 
able data. For example, the influence of 
the tensile strength on the value of Ky 
is shown in Fig. 6. While it appears that 


the value of K,; tends to increase (K; = 
2.0 for all data) with tensile strength, 
the trend is not consistent. Note partic- 
ularly that 18 of the 20 points are in- 
cluded within a +10 per cent band, a 
band that is independent of tensile 
strength. 

For the purpose of estimating an ap- 
propriate value of Ky for use in design, 
it is suggested that the value of K, be 
modified by the “highly stressed volume” 
concept as given in Eq 7. Based on the 
data of Fig. 5(c), it may be anticipated 
that in four out of five practical design 
cases the value of K, will be within +10 
per cent of an experimentally measured 
value. 


CONCLUSIONS 


The results of this study appear to 
justify the following conclusions: 

1. The fatigue strength of metals de- 
creases when the stressed volume of ma- 
terial at a surface layer increases. A 
highly stressed region—for example, a 
volume, V, subjected to 95 per cent 
more Of ¢max—may be used in computa- 
tions for design purposes. 

2. A plot of the logarithm of volume 
V against the logarithm of the maximum 
stress attained by a specimen gave a 
linear relationship with a fairly constant 
slope for all the materials reviewed. The 
equation of this line may be defined for 
a given material knowing only one value 
of fatigue strength: the maximum stress 
for V,; = 0.000,349 cu in. which corre- 
sponds to a smooth specimen with d = 
0.25 in. and r = 1.25 in. in a rotating- 
bending test. 

By comparing this equation with exist- 
ing data for both smooth specimens with 
different shapes and notched specimens 
in rotating and alternating bending tests, 
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For the specimen shown in Fig. 7, the 
highly stressed volume, that is, material 
subjected to 95 per cent and more of omax , 
can be taken, according to the simplified 
hypothesis given in the text, as 


but, 


d' = d (that is, centroidal distance = diameter) 


and 


Fic. 7.—Diagram of the Areas A Subjected to 
95 Per Cent and More of the Maximum Stress. 


where A is the area formed by the intersec- 
tion of the volume V with any plane con- 
taining the centerline of the specimen. The 
area A is computed by approximating it by 
a triangle of base 2A/ and height h. 

Then in Eq 18: 


wrddlh............ (19) 


The height 4 may be determined as 
follows: By definition 


~ 


homax 

In Fig. 8, Cnin = 0.95 Tmax Then 
« 1 

(20) 


The length Al shown in Fig. 8 may be esti- 
mated from 


APPENDIX I 


DETERMINATION OF HIGHLY STRESSED VOLUME, V, FOR 
ROUND-CROSS-SECTION SPECIMENS LOADED 
IN ROTATING BENDING nan 


_ Then, replacing d; in Eq 21: 


Introducing Eqs 20 and 21 in Eq 19 gives 


d, — d\? 
where the term (454) was neglected 
in this approximation due to its compara- 
tive smallness. 

With regard to d, in Eq 21, it will be 
assumed that the bending moment M re- 
mains approximately. constant over the 
region d to d, . Therefore 


M = oW = oiW, 


Fic. 8.—Geometric Characteristics and Stress 
Distribution in the Area A of a Rotating Bend- 


ing Specimen. 
and 
ox a 
32 
therefore 
d; = 1.017 d 


Al & (22) 


V 0.02 via d 


This expression is valid for unnotched 
specimens and notched specimens provided 
K, remains approximately constant over the 
small distance, d to d, . 


i» 
A Z dim: 


Fic. 9.—Geometric Characteristics of the 
Highly Stressed Volume of a Plate Specimen 
Under Axial Load. 


and 
But 
= aA; 


Therefore 


ae oe 
in DETERMINATION OF VOLUME V FOR PLATES f4@: ie 
B q-i SUBJECTED TO AN AXIAL LOAD 
Consider the case of smooth specimens as_ and abe 
shown in Fig. 9. The volume V, is given by: 
Ve = (24) = 
where Replacing 6; in Eq 246 with this value gives 
the... (24a) 
(25) 
b; 
ad 0.95 Omex h 
‘s t > 
al 
th 


Fic. 10.—Highly Stressed Regions in Notched 
Plate Specimens. 


Then substituting for F from Eq. 24a and 
for Al from Eq 25, Eq 24 gives the highly 
stressed volume as 


Similarly, in the notched specimens shown 
in Fig. 10, 


But now aa 


1 | 
, 


Where (see Eq 20) isgivenby: 
0.05 


h=— 


Substituting this expression for h gives 


then 


For shallow notches, G is given by Seely and 
Smith (6) as 


rs 


Mr. Burton Hatcu.'—I noticed that 
in Fig. 7 of the paper 75 per cent of the 
data fell within the +10 per cent line. 
Has there been any attempt to deter- 
mine a distribution across those lines? 
Is it a normal distribution in line with 
the 2 o figure mentioned, or is there any 
pattern at all in the data? 

Mr. H. T. CortEN (for the author).— 
We did not do this determination. It is 
tempting to consider until you realize 
these data were collected over a period 
of years by a number of people who de- 
fined fatigue strength and endurance 
limit in different ways. I do not believe 
we could anticipate anything but a 
purely chance correlation of the kind 
you mentioned. The distribution may be 
normal but the source of the scatter 
is totally unknown and the significance 
would be questionable. 

Mr. Wituam N. FInbDLey.*—The 
theoretical stress concentration factor 

1Manager, Design Standards, M.S.V.D., 
General Electric Co., Philadelphia, Pa. 

2 Engineering Department, Brown Univer- 
sity, Providence, R.I. 
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then 


Vn & ........(30) 


For deep notches, G is given by Seely and 
Smith (6) as 
~ 
Tr 


= 0.024-/r,b, .. 


Thus, for notched plates subjected to axial 
load the expression for V,, is identical for 
both shallow and deep notches except for the 
numerical coefficient. 


and V, becomes: 


DISCUSSION 


is usually defined with respect to the 
stress in a member having no stress 
concentration. This would correspond 
in Eq 7 of the paper to V, approaching 
infinity, as in the pure bending of a rod 
of uniform cross-section. For this condi- 
tion, the volume V, in Eq 7 is indefinitely 
large. Therefore the ratio K;/K, in Eq 9 
approaches zero for any size of notch— 
which is absurd. In view of this fact the 
analysis appears to break down for this 
special but important and readily 
achievable case. Thus, there would seem 
to be some doubt as to the validity of 
the basic hypothesis of a “highly stressed 
volume,” whatever it may be. The cor- 
relation between theory and experiment 
reported by the author may be only a 
chance correlation resulting from the 
shape of the particular “smooth” speci- 
men investigated. 

Mr. R. KucGuet (author).—In answer 
to Mr. Findley’s question regarding the 
application of the “highly stressed vol- 
ume” approach to an infinitely large, 
uniformly stressed member, the author 


j 
. G 
And according to Eq 25 
1 
Vis (28) 
= 0.046 Vite (ag) 
G 


believes that it may have an academic 
interest, but this point of view was not 
considered in the paper. The “highly 
stressed volume” concept, as it was 
developed was. directed toward the 
commonly encountered design situations. 
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Moreover, the author does not think 
a member like that mentioned by Mr. 
Findley is feasible, that is, with such a 
shape and system of loadings to make 
V, infinitely large and with no stress 
concentrations. 
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EFFECT OF OLEOPHOBIC FILMS ON FATIGUE CRACK PROPAGATION* 


lovin ive 


_ By W. L. HotsHouser! anp H. P. Utecn! 


SYNOPSIS 
vi Sharply notched rotating-beam specimens were used to evaluate the effect 
of oleophobic films formed by dodecyl alcohol on the rate of fatigue crack = 
ini propagation in 4340 steel, 17-7 PH stainless steel, 6061-T6 aluminum alloy,and  —s_—y 
__ a copper-beryllium alloy (1.75 per cent Be). The number of cycles required to 
___-: propagate the crack was increased by the presence of the organic compound by 
factors ranging from 1.4 to 5.0. This effect is attributed to the ability of com- 
pounds of this type to form films that protect the metal from oxygen and 


water vapor in the atmosphere. 


Nearly 30 years ago Gough and Sop- 
with (1)? showed that the fatigue strength 
of metals was significantly higher in a 
partial vacuum than in a normal atmos- 
phere. Later the same authors (2) ob- 
tained results indicating that oxygen and 
moisture together in the atmosphere 
were more damaging to copper than 
either component alone. Other investiga- 
tors have shown comparatively little in- 
terest in the effect of the atmosphere on 
fatigue, and such observations as have 
been made were largely incidental to 
other investigations (3-5). These three 
references showed an improvement in 
fatigue properties when the specimen was 
protected from the atmosphere by a film 
of an organic liquid or grease. 

Interest in these effects has been in- 
creasing in recent years, as evidenced by 
the work of Thompson, Wadsworth, and 
Louat (6) and of Wadsworth and Hutch- 
ings (7). Wadsworth and Hutchings (7) 


* Presented at the Sixty-fourth Annual Meet- 
ing of the Society, June 25-30, 1961. 

! National Bureau of Standards, Washington, 
D.C. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


showed that the fatigue lives of copper 
and aluminum specimens were increased 
by factors of 20 and 5, respectively, when 
the air pressure was reduced from 760 to 
10-5 mm of mercury. The fatigue life of 
gold, however, was not affected by re- 
ducing the air pressure. 

The work of Zisman and his associates 
(8) has provided a basis for selecting or- 
ganic compounds that would be expected 
to provide optimum protection from the 
atmosphere and, presumably, have a 
marked beneficial effect on fatigue life. 
They found that certain classes of polar 
organic compounds form tightly packed 
monomolecular films on metal surfaces. 
These films are unwetted by, or are oleo- 
phobic to, all but the lowest-boiling hy- 
drocarbons and other nonpolar liquids. 
They are also highly hydrophobic. 

The effect of such films on the fatigue 
properties of metals is being investigated 
at the National Bureau of Standards as 
part of a project sponsored by the Na- 
tional Aeronautics and Space Adminis- 
tration on the role of surface reactions in 
the fatigue process. Previously published 
results (9) showed that films of octyl al- 


| 
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cohol, dodecyl alcohol, dodecylamine, 
and octadecylamine increased the fatigue 
life of smooth R. R. Moore specimens 
made of 4340 steel, AZ-63 magnesium al- 
loy, and a copper-beryllium alloy (1.75 
per cent Be). The films had little or no 
effect on similar specimens made of 6061 
aluminum, 17-7 PH stainless steel, and 
titanium. Evidence from this and other 
previous investigations (5,10) indicated 
that in the tests of smooth R. R. Moore 
specimens of strong metals the crack was 
initiated at a late stage in the fatigue life. 
Thus the data presented in reference (9) 
were considered largely a measure of the 


All of the tests were run on a rotating- 
beam fatigue testing machine (R. R. 
Moore type) operated at approximately 
3000 rpm. A sketch of the specimen used 
is shown in Fig. 1. The 0.005-in. radius 
at the root of the notch was carefully 
ground to prevent variations in surface 
finish and in the amount of cold work 
produced in the surface. 

Preliminary tests were conducted to 
determine the approximate number of cy- 
cles required to initiate cracks at the 
roots of the notches. Specimens were run 
for small percentages of their expected 
fatigue life at each stress level and then 


TABLE I.—ALLOYS SELECTED FOR STUDY. 


Material Condition Hardness 
quenched and double tempered 32Rc 
17-7 PH stainless steel................ TH 1050 45 Re 
Copper-beryllium alloy (1.75 per cent 
6061 aluminum alloy.................. T-6 95 Brinell 


effect of the films on crack initiation. In 
order to obtain similar information on 
crack propagation, the experiments re- 
ported below were conducted with 
sharply notched specimens. 


MATERIALS AND TESTING PROCEDURE 


The two ferrous and two non-ferrous 
alloys selected for study are listed in Ta- 
ble I. Smooth specimens of two of these 
materials, 4340 steel and the copper- 
beryllium alloy, had shown a large oleo- 
phobic film effect, while for the other two 
alloys the effect was small (9). 

Dodecyl alcohol was selected as the 
film-forming material because in the pre- 
vious investigation it showed a slightly 
greater effect on fatigue life than some of 
the other compounds used and more data 
on its effect were accumulated. It was 
also more convenient to use than the 
amines that were included in the previous 
work, as it is liquid at room temperature. 


(760° 
rad= 0005/0250" 
-32"— 


Fic. 1.—Dimensions of the Notched Fatigue 
Specimens. 


longitudinal metallographic sections were 
examined for cracks. The number of cy- 
cles required to produce a crack detecti- 
ble at a magnification of 1000X was des- 
ignated N., the crack propagation 
period, N,, and the total fatigue life, 
N; (Ns; = Ne + Nz). 

Prior to testing, the specimens were 
individually cleaned by agitation in three 
successive containers of high-purity ben- 
zene. Except where noted otherwise in 
the tables, specimens to be tested in the 
coated condition were run for NV, cycles 
without coating and then, for the re- 
mainder of the fatigue life, dodecyl alco- 


> 


hol was dripped into the notch. Thus, the 
oleophobic film formed by the dodecyl 
alcohol was present only during the 
crack-propagation portion of the tests. 
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Some of the results on smooth speci- 
mens reported in reference (9) are given 
in Table III for comparison with the data 
on notched specimens in Table II. Al- 


TABLE II.—RESULTS OF TESTS ON NOTCHED SPECIMENS TO DETERMINE THE 
EFFECT OF DODECYL ALCOHOL ON FATIGUE CRACK PROPAGATION. 


Thousands of Cycles of Stress 

Nominal Ratio of 
Material Amplitude, Clean Coated Dodecyi 

psi Clean 

nf | Ne | | | | 

32 500 | 210 10 200 586 10 576 2.9 

{ 55 000 33 2 31 63 2 61 2.0 

e F 42 500 | 115 40 75 325 | 40 285 3.8 

17-7 PH stainless steel........ { 52 500 32 12 20 39 12 | 27 1.4 

* Ny = Median fatigue life (5 to 7 specimens), 


N 


Test RESULTS 

The portion of the total fatigue life 
represented by J. for clean specimens 
was approximately 5 per cent for 4340 
steel and 6061 aluminum, 10 per cent for 
the copper-beryllium alloy and 35 per 
cent for 17-7 PH stainless steel. These 
values reflect the relative resistance to 
crack initiation and crack propagation in 
air for the different materials. 

The results of the tests in which do- 
decyl] alcohol was applied only during the 
crack-propagation period are given in 
Table II. The data show that, for all four 
alloys, the duration of the crack-propaga- 
tion period at both stress levels was in- 
creased by the presence of the oleophobic 
film. The magnitude of the effect is indi- 
cated by the ratios of V, values given in 
the right-hand column of the table. Note 
also the marked effect of stress level 
shown for all four materials. . 


Number of cycles required to produce a detectible crack, and 
— N. = crack-propagation portion of fatigue life. 


TABLE III.—EFFECT OF OLEOPHOBIC 
FILMS ON FATIGUE LIFE OF SMOOTH 
SPECIMENS. 

(Data from Frankel, Bennett, 
and Holshouser (9)). 


Stress Ny Clean, 
1060 cycles Coated: 
95 000) 181 2.3 
4340 steel....... 100 000 83 2.3 
115 000 28 1.4 
Copper-beryl- 45 000; 258 4.6 
lium alloy.... 50 000 89 2.8 
60 000 21 1.0 
| 37.000) 49 1:3 
17-7 PH stain- 
100 000, 114 1.5 
less steel...... { 115 000 52 13 


though the effect of the oleophobic films 
on crack propagation was not completely 
eliminated from the data obtained on 


T T T TT T T T T 
G90 
aks 5 Smooth J 
wooof 
= 
4 
ost 40000 L | ry) 4 he 
30.000 
104 2 4 6 8 405 2 4 6 8 46 
Cycles To Fracture 


Fic. 2.—S-N Curves for Smooth and Notched Specimens of 4340 Steel. 


Standard deviations (+1¢) are also shown. ‘‘Coated’’ indicates that the test sections of the speci- 
mens were covered with an organic liquid that forms oleophobic films on metals. 


‘TABLE IV.—RESULTS OF SUPPLEMENTARY FATIGUE TESTS 
WITH NOTCHED SPECIMENS. 


(Five to 7 specimens for clean condition. Number of specimens 
shown in parentheses for other conditions) 


Median Life, thousands of cycles, for the 
Nominal Stress Conditions of Specimens® 
‘ ‘omina’ 
Material Amplitude, psi } 
Clean A B 
32 500 210 569 (2) 518 (2) 
Copper-beryllium alloy................ 30 000 749 1776 (1) 
. 11 500 358 473 (3) 
6061-T6 aluminum alloy............... { 17 000 81 104 (2) 
P 42 500 115 292 (2) 
17-7 PH stainless steel................ { 52 500 32 54 (1) 


* A, Coated with dodecyl alcohol prior to test. None applied during the test. 
B, Coated with dodecyl alcohol prior to test. Water dripped into the notch during the entire 


test. 


1,'3 
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smooth specimens, this comparison does 
give an indication of the relative magni- 
tude of the oleophobic film effect on crack 
initiation and propagation. 

The data for 4340 steel are presented 
graphically in Fig. 2. A comparison of the 
vertical distance between the two curves 
in each set shows that the relative in- 
crease in fatigue strength due to the pres- 
ence of the oleophobic film was greater 
for notched specimens. An appreciable 
difference in the dispersion of the data 
obtained on clean and coated specimens 
was noted in the previous investigation 
(9), the coated specimens showing con- 
siderably less scatter than the clean ones, 
as illustrated by the ranges of +1 stand- 
ard deviation plotted in Fig. 2. In this 
respect the data for notched specimens 
were not consistent, and no conclusion 
as to the effect of the coating on disper- 
sion of the data could be drawn for any 
of the materials. 

A few supplementary fatigue tests 
with notched specimens were run under 
the conditions noted in Table IV. In gen- 
eral, specimens coated with dodecyl alco- 
hol and subsequently tested in air (condi- 
tion A, Table IV) showed a somewhat 
smaller effect of the oleophobic film than 
the specimens that had the dodecy] alco- 
hol dripped into the notch throughout 
the crack-propagation stage of the tests. 
Two 4340 steel specimens coated before 
testing and exposed to water dripped into 
the notch during the tests (Condition B, 
Table IV) had fatigue lives almost as 
long as similarly coated specimens tested 
in air but not exposed to water. 


DISCUSSION 


: 7 Oleophobic films apparently affect the 
fatigue process by limiting the access of 


molecules of oxygen or water to the metal 
surface. This reduces the rate of detri- 
mental surface reactions that normally 
occur when specimens are stressed in air. 
The difference between the effects on 
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crack initiation and propagation may be 
associated with the nature of the oxide 
films on the metals. Detrimental surface 
reactions in air prior to crack initiation 
would be minimized by the relatively im- 
permeable and adherent oxide film on 
stainless steel and aluminum. This would © 
account for the small effect of the dodecyl 
alcohol on smooth specimens of 17-7 PH 
stainless steel and 6061-T6 aluminum 
alloy and the larger effect on 4340 steel 
and copper-beryllium, which have more 
permeable and less adherent films. Dur- _ 
ing the crack-propagation period the pro- | 
tective nature of the oxide film may be 
relatively unimportant, as each incre- 
ment of crack extension provides an area 
of clean metal surface which can react — 
with any oxygen present. 
While these considerations provide a _ 
possible explanation of the effects of oleo- 
phobic films on crack initiation and prop- 
agation, the mechanism of the effect of : 
surface reactions on fatigue is still not — 
clear. It has been suggested that, in the 
absence of surface reactions, the crack 
increment that is formed during the ten- 
sile portion of the cycle may partially 
weld together during the compressive 
half-cycle. The formation of an oxide film 
would inhibit this welding and thus in- 
crease the rate of crack propagation. This © 
hypothesis does not explain the effect on 
crack initiation. However, the suggestion : 
made by Thompson, Wadsworth, and -_ 


may have merit in relation to both crack 
propagation and initiation. This conjec- — 


ture is in accord with the observations of : s. 


several investigators that metal in the _ 


process of yielding under stress is more> 
reactive than it is after the stress is re- 


the effect of the atmosphere on fatigue — 
will require additional experimental — 
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The results of rotating-beam fatigue 
tests on sharply notched specimens of 
4340 steel, 17-7 PH stainless steel, a cop- 
per-beryllium alloy, and 6061-T6 alu- 
minum alloy appear to justify the follow- 
ing conclusions: 

1. The rates of fatigue crack propaga- 
tion in all the materials investigated were 
reduced by coating the specimens with 
dodecy] alcohol. This compound is repre- 
sentative of a group of polar organic com- 
pounds that form oleophobic films on 
metals. 

2. Two materials, 6061-T6 aluminum 
alloy and 17-7 PH stainless steel, showed 
a greater oleophobic film effect with 
notched specimens than they had during 
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a previous investigation with smooth 
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Mr. Henry E. FRANKEL.'—In Table 
II of the paper the values for N,*, the 
number of cycles required to produce a 
detectable crack, are exactly the same 
for the clean specimens as for the coated 
specimens, whereas in an earlier paper, 
the authors indicated that the number of 
cycles to produce a crack is greater with 
coated than with uncoated specimens. 

Mr. W. L. HotsHouser (author) — 
Yes, that is true because these tests were 
run differently from those in the first 
paper. The notched specimens that were 
run in the coated condition were not 
coated until a detectable crack was ini- 
tiated, so that NV,* is the same for both 
the clean and coated conditions. That 
is, we put the specimens into the machine 
in the clean condition and ran them long 
enough to produce a crack, and then 
started dripping dodecyl alcohol into the 
notch. 

Mr. R. D. Bexur.2—My first question 
concerns the theory that the increment 
of a fatigue crack which forms during 
the tensile portion of a cycle may par- 
tially weld together during the compres- 
sion portion of the cycle in the absence 
of surface reactions and the authors’ 
suggestion that oleophobic films may 
protect the metal from surface reactions. 
Would not the coatings per se prevent 
welding by entering the fatigue crack? 

My understanding is that during the 

1 National Aeronautics and Space Adminis- 
tration, GSFC, Spacecraft Division, Washing- 
ton, D. C. 

2 Research and Development Engineer, Metal- 


lurgical Laboratory, Dow Metal Products Co., 
Midland, Mich. 
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fatigue tests dodecyl alcohol was caused 
to drip on the specimens. Did the authors 
attempt to determine whether removal of 
heat by the alcohol contributed to the 
improved fatigue life of these specimens? 

Mr. HoLtsHovuseR.—In regard to the 
theory about welding, the coatings might 
prevent welding by preventing contact 
between the exposed metal surfaces. 
However we are not sure whether the 
dodecyl] alcohol actually gets down into 
the crack during the early stages of crack 
formation. It may bridge over the crack 
and thus prevent air from getting into 
the crack. In this case, the dodecyl alco- 
hol probably would not prevent welding. 

In regard to the cooling effect of the 
dodecyl alcohol, in Table IV of the paper 
are shown the results of some tests run 
by coating the specimens before the tests 
were started and in which no dodecy] al- 
cohol was dripped on the specimens dur- 
ing the test. The latter specimens had 
just about the same fatigue life as those 
that had dodecyl alcohol dripped on 
them. Therefore we feel that the dissipa- 
tion of heat by the alcohol was not a fac- 
tor in these experiments. 

Mr. Frank Yurkoski.*—Realizing 
that these specimens were tested with 
smooth surfaces in one case and with 
controlled notches in the other, what 
would Mr. Holshouser’s opinion be as to 
the effect of these coatings on weldments 
or other joint configurations? Is it possi- 
ble that the notch effect due to a weld 
joint, either mechanical or metallurgical, 


3 Metallurgist, Research and Development 
Division, ACF Industries, Berwick, Pa. 
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would be so great that the film would 
not have any influence on it? 

Mr. HotsHouser.—This work on 
crack propagation showed that the 
oleophobic coating would affect the life 
of specimens that already had a crack in 
them. The specimens were cracked be- 
fore the coating was dripped on. This 
indicates that the coatings are effective 
in the presence of notches and they 
probably would affect the fatigue life of 
weldments. 

Mr. M. R. Acuter.t—It is well 
known that under certain conditions the 
life of a creep specimen is shorter in a 
reactive environment than in a neutral 
one. These creep results could not be ex- 
plained by the welding hypothesis which 
has been advanced for fatigue. Easier 
crack propagation in a reactive environ- 
ment has often been ascribed to weaken- 
ing of the interatomic bond by reaction 
with a gas. This mechanism would ex- 
plain both the creep and fatigue results. 

It would be interesting to continue 
these studies using tensile fatigue instead 
of alternate tension and compression to 
eliminate the possibility of crack reweld- 
ing. 

‘Head, High Temperature Alloys Branch, 


Metallurgy Division, U. S. Naval Research 
_ Laboratory, Washington, D. C. 
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Molybdenum Co., Detroit, Mich. 


Mr. HotsHouser.—Yes, we do intend 
to do some more work on this and there 
are a number of experiments that might 
prove interesting. I appreciate your sug- 
gestions. I do not want to defend the re- 
welding theory but the possibility that 
rewelding does occur when the effect of 
the atmosphere is not present is fre- 
quently mentioned in discussions of the 
mechanism of fatigue. 

Mr. M. SemcuysHEN.’—It would be 
interesting to define precisely whether the 
effectiveness of oleophobic films is pri- 
marily associated with propagation or 
with initiation of cracks; also, whether 
oleophobic films would be effective in 
changing the transition temperature, for 
example, under conditions of rapid strain 
rates such as encountered in impact test- 
ing. As a matter of fact, perhaps the 
transition temperature approach might 
help to define the mechanism by which 
oleophobic films retard cracking. 

Mr. HorsHouser.—That may be a 
possibility, although I believe that the 
tests used to determine transition tem- 
peratures are not as sensitive as fatigue 
tests to the condition of the surface of the 
specimen. 


5 Director, Metallurgical Research, Climax 
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FATIGUE PROPERTIES OF UNCOATED AND COATED UNALLOYED 


MOLYBDENUM AT 1800 F, ROOM TEMPERATURE, AND —40 F* 


By A. A. Mirrensercs,' G. D. Hatey,? anp D. N. 
SYNOPSIS 
= 
Fatigue behavior of unalloyed commercially pure arc-cast molybdenum was 
‘ investigated in tension-tension loading on unprotected and protected, un- 
a notched and notched sheet specimens at 1800 F, room temperature, and —40 F. 
Three oxidation-resistant coatings were evaluated under fatigue loading. Static 
tension tests were also conducted on specimens having the four surface condi- 
tions (one unprotected and three protected) at the three temperatures. 
For unprotected specimens, the unnotched fatigue strength (maximum 
stress) at 10’ cycles was 28,000 psi at 1800 F, 90,000 psi at room temperature, 
* and 127,000 psi at —40 F. The notch sensitivity was low at 1800 F, but rather 
high at room temperature and at —40F. All coatings lowered the fatigue 
strength of molybdenum somewhat at all three temperatures. The loss of fa- 
tigue strength was higher in the notched specimens. 


The coatings investigated did not prove to be completely reliable for high- 
temperature applications under continuous fatigue loading. For limited-life 
high-temperature fatigue loading, however, utilization of coated molybdenum 


appeared to be possible with proper precautions. 


In the current development of suitable 
materials for high-temperature service, 
molybdenum has been considered for 
some applications. Molybdenum and its 
alloys have been studied and developed 
vigorously for the past several years. Be- 
cause of the poor resistance of molyb- 
denum to oxidizing atmospheres at high 
temperatures, utilization of molybdenum 


* Presented at the Sixty-fourth Annual Meet- 
ing of the Society, June 25-30, 1961. 

1 Project Leader, Mechanical Engineering De- 
partment, Battelle Memorial Inst., Columbus, 
Ohio. 

2 Metallurgist, Wai-Met Alloys Co., Dear- 
born, Mich.; formerly with Wright Air Develop- 
ment Division, Wright-Patterson Air Force Base, 
Ohio. 

3 Assistant Chief, Nonferrous Metallurgy Di- 
vision, Battelle Memorial Inst., Columbus, Ohio. 
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in high-temperature applications must 
include, in most cases, provisions for sur- 
face protection. Therefore considerable 
efforts have been expended in developing 
suitable surface protectives, such as 
oxidation-resistant coatings. 

Over the past several years, a certain 
amount of information has been devel- 
oped on molybdenum and on oxidation- 
resistant coatings. For example, the en- 
gineering data book “Molybdenum 
Metal” (1)* lists over 300 references on 
molybdenum, its applications, properties, 
protection from oxidation, and other re- 
lated subjects. However, fatigue informa- 


*The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


tion on molybdenum and its alloys is 
rather scarce and scattered(I-4). More 
information is necessary, particularly at 
elevated temperatures, if molybdenum is 
to be used as a structural material at 
high temperatures. 

For many possible applications, the 
feasibility of using molybdenum for high- 
temperature service may depend on the 
quality and reliability of the coatings and 
on their effects on the properties of mo- 
lybdenum and its alloys, yet there have 
been no known data on fatigue behavior 
of coated molybdenum. This investiga- 
tion was initiated to provide information 
on fatigue behavior of coated molyb- 
denum as well as additional fatigue data 
on molybdenum. 


=f PURPOSE AND SCOPE OF 
A. INVESTIGATION 


The purpose of this investigation was 
to explore the fatigue behavior of molyb- 
denum under the following variables: (1) 
temperature (high-, room-, and low-), 
(2) surface condition (uncoated and 
coated), and (3) stress concentration (un- 
notched and notched specimens). 

In this program, commercial rather 
than special-quality materials (such as 
laboratory-made) were used to explore 
how the products of present technology 
may behave in service. Unalloyed molyb- 
denum was selected to provide base-line 
information, since it has the lowest high- 
temperature strength and the lowest re- 
crystallization temperature among com- 
mercial molybdenum-base materials. 
Arc-cast molybdenum was selected be- 
cause it can be produced in large cross- 
sections and thus has potentiality for 
structural application. 

The selection of test temperatures for 
the high- and low-temperature fatigue 
investigations was based on data ob- 
tained in studies of recrystallization and 
the ductile-brittle transition-temperature 
range, respectively, of the material re- 
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ceived. At 1800 F, recrystallization was 
just starting in long-time static expo- 
sures. The test temperature of —40 F 
was below the transition range for the 
test conditions used. 

In the selection of coatings, only such 
coatings were considered that required 
treatment temperatures low enough to 
permit their application with minimum 
recrystallization of the molybdenum. In 
addition to the unprotected molybde- 
num, molybdenum specimens protected 
by the following coatings® were tested: 

1. Diffusion-type coating known as 
W-2 (a modified silicide coating). 

2. Spray-type Al-Cr-Si coating. The 
flame spray feed contained a mixture of 
20 per cent aluminum and 80 per cent 
chromium-silicon (40 per cent silicon) 
powder. 

3. Nichrome-V-clad molybdenum with 
a chromium diffusion barrier and with 
specimen edges protected by Nichrome-V 
(80 Ni, 20 Cr) weld beads. 


At 1800 F, the unprotected specimens 
were tested in a hydrogen atmosphere. 
The protected specimens were tested in 
air. Such a procedure permitted, at this 
temperature, an evaluation of both the 
effects of the coatings on the fatigue 
strength of the molybdenum and the 
oxidation-resistance and effectiveness of 
the coatings. At room temperature and 
at —40 F all testing was conducted in air. 
Fatigue tests on unnotched and on 
notched sheet specimens were conducted 
in tension-tension loading with a ratio of 
alternating load to mean load of A = 
0.95. Static tension tests were also con- 
ducted at the same three temperatures 


5 The coatings tested may not have been de- 
veloped or intended by the manufacturers for 
the conditions to which they have been sub- 
jected. Some of the coatings were not applied 
with the manufacturer’s recommended proce- 
dures. Any failure or poor performance of a coat- 
ing is, therefore, not indicative of the utility of 
the coating under less stringent conditions or for 
other applications. 
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on unnotched specimens having the four 
surface conditions (one unprotected and 
three protected). 


MATERIAL AND PREPARATION 
or Test SPECIMENS 


The material used in this program con- 
sisted of bare molybdenum and of Ni- 
chrome-V-clad molybdenum sheets. The 
bare sheets were hot-cold worked 75 per 
cent at an initial furnace temperature of 
2200 F, including close to 50 per cent 
cross-rolling. Thereafter, these sheets 
were hot-roller leveled, stress relieved at 
1650 for 1 hr, cleaned, and descaled. 
Three 0.11 by 20 by 70 in. bare sheets 
were used. 

The clad material was produced by the 
roll-cladding process. Hot-rolled, recrys- 
tallized, descaled, and pickled molyb- 
denum plate 0.40 by 10 by 35 in. was 
first electroplated by a commercial sup- 
plier with 3 mils of chromium per side to 
provide a diffusion barrier between the 
cladding and the base metal. Roll-clad- 
ding was done by another supplier. The 
plate was placed in a stainless steel frame 
for vacuum encapsulation. Nichrome-V 
sheets of 0.040-in. original thickness were 
placed on each side of the plate and 
welded to the frame under an internal, 
positive argon pressure. After welding, 
the pack was warm-evacuated, then it 
was rolled from a furnace temperature of 
2250 F. The thickness of the pack was 
decreased to about one half by cross- 
rolling, and then the pack was direct- 
rolled to the final thickness of about 0.11 
in. After rolling, the clad sheet was stress 
relieved at 1650 F for 1 hr and flattened 
by pressure at the end of this process. 
Measurements obtained on specimens of 
clad material indicated the following 
thicknesses (the over-all sheet variations 
may have exceeded these figures) : 


Molybdenum core.......... 83.1 to 86.5 mils 
Chromium barrier (each side) 0.7 to 1.0 mil 
Cladding (each side)........ 7.2 to 9.8 mils 
Total thickness............ 102 to 109 mils 
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The molybdenum sheet material used 
in this program was from two heats. As 
can be seen from Fig. 1(a), heat A ex- 
hibited slight recrystallization (about 4 
per cent) in the as-received condition, 
whereas no recrystallization was appar- 
ent in heat B (Fig. 1(6)). The diamond 
pyramid hardness (DPH) of the as-re- 
ceived material was 258 (10-kg load) for 
heat A and 270 for heat B. The chemical 
analysis for both heats was 260 ppm 
carbon, about 10 ppm oxygen, and <0.25 
ppm hydrogen. 

Most of the unprotected specimens 
were fabricated from heat B material. 
The core of the clad material (Fig. 2) 
was also from heat B, and the coated 
specimens were fabricated predominantly 
from heat A. Since the results obtained 
in tension and in fatigue testing on speci- 
mens made from each heat (a number of 
cross-check specimens were used) did not 
show significant differences, the data 
presented in this paper do not indicate 
from which heat the individual specimens 
were made. 

Fatigue specimens were machined to 
the dimensions shown in Fig. 3. The 
theoretical stress concentration factor 
for the notched specimens was K; = 
2.0 (5). Tension specimens had a nominal 
test section of 0.50 by 0.09 in. and a gage 
length of 2 in., except for the clad speci- 
mens having the original clad-material 
thickness and the unprotected specimens 
tested at 1800 F, which had a 0.38 by 
0.09 in. test section and a 2.5-in. gage 
length. 

All specimens were cut, machined, 
and polished in the longitudinal direction 
of the sheets. To assure uniform thick- 
ness, all specimen coupons (except clad 
material) were surface ground using a 
vacuum chuck. Because of “oil can” in 
the received sheets and probable stress 
relieving caused by removal of metal, the 
fabricated specimens were out-of-flat, 
and so were the coupons of clad material. 


; 
= 
Ay 
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(a) From heat A. 
(b) From heat B. 


Through Molybdenum Sheets. Murakami’s etch (X250). 
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Since out-of-flatness could influence the 
fatigue test results, all specimens were 
creep flattened at 1700 F for 4 hr in 
hydrogen. Experiments conducted on 
specimens of the material showed that 


rs 


Nichrome-V 
cladding 


the creep flattening process did not cause 
any recrystallization, but only a decrease 
in hardness by an average of 10 DPH 
units for the bare specimens. The core of 
the clad material remained completely 
unrecrystallized, and its diamond pyra- 
mid hardness of about 253 (10-kg load) 
did not change. After creep flattening, 
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the bare specimens were essentially flat, 
but the clad specimens still had some 
out-of-flatness. 

Subsequent to creep flattening, all - 
specimens were cleaned and the fatigue 


Note good bonding between molybdenum and chromium and between chromium and Nichrome-V. 


specimens were polished. Since coating 
processes generally require that there 
should be no sharp edges in the coated 
sections, all edges within the test sections 
were rounded with about 0.01 in. radius. 
Surface roughness was generally 4 to 6 
rms in the longitudinal direction and 7 
to 10 rms in the transverse direction for 


i 
| 
Fic, 2.—Longitudinal Section Through Clad Material as Received. Murakami’s etch (X 250). ‘ 
i 


both the surfaces and the edges. The sur- 
faces of clad specimens were left as re- 
ceived (the edges were polished). 

The W-2 and Al-Cr-Si coatings were 
applied on machined and polished test 
specimens by commercial suppliers. The 
edges of the clad specimens were pro- 
tected with Nichrome-V weld beads. 
Representative microstructures of the 


Unnotched, K, =1.0 
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Notched, Ky =2.0 
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Fic. 3.—Fatigue Specimens. 

Nominal dimensions in inches; nominal thick- 
ness, 0.09 in. (except clad); clad specimen thick- 
ness = material thickness. No holes in specimens 
for room-temperature tests. Unnotched unpro- 
tected specimens at — 40 F had reduced width of 
0.56 in. and radius of 4.51 in. 


two coatings on molybdenum and a 
Nichrome-V weld on a specimen edge 
are shown in Figs. 4 to 6 (see Fig. 2 for 
microstructures of clad material). The 
thickness of the W-2 coating varied be- 
tween 1.2 and 2 mils and that of the Al- 
Cr-Si coating between 4 and 25 mils. 
Both coating processes caused some re- 
crystallization, so that the base metal 
was recrystallized 5 to 10 per cent (with 
a hardness drop to 242 DPH) in the W-2- 
coated specimens and about 5 per cent 
(with a hardness drop to 234 DPH) in the 
Al-Cr-Si-coated specimens. Also, a num- 
ber of specimens had become out of flat 
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during coating. The final out-of-flatness 
of protected specimens varied between 0 
and 35 mils in an 8-in. length. No corre- 
lation, however, was found between this 
out-of-flatness and the fatigue test re- 
sults. 


TEST PROCEDURES AND EQUIPMENT 
Tension Testing: 


In high- and low-temperature testing, 
4 specimens per condition were used. At 
1800 F, the unprotected specimens were 
tested in a hydrogen atmosphere. The 
procedures for these tests, performed in a 
creep-testing machine, differed from 
those used in all other testing in that an 
approximately constant loading rate was 
employed rather than a constant strain 
rate. Loading was accomplished by add- 
ing preweighed amounts of steel pellets 
at regular intervals to the weight con- 
tainer of the machine. Strain measure- 
ments were taken after each addition of 
weights from a platinum-strip extensom- 
eter attached to the specimens. The 
average strain rate was 0.0006 to 0.0011 
in. per in. per min until the 0.2 per cent 
offset yield strength, and it increased 
progressively thereafter so that the over- 
all strain rate to rupture was between 
0.007 and 0.014 in. per in. per min. The 
temperature was checked with three 
thermocouples attached to the center 
and to both ends of the test section. 

The protected specimens were tested 
at 1800 F in air in an electric-resistance 
furnace. Temperature was checked with 
three thermocouples as above. For two 
specimens of each condition, a constant 
crosshead speed was used that corre- 
sponded to about 0.003 in. per in. per 
min strain rate at the test section at the 
beginning of the tests. On the other two 
specimens, the crosshead speed was in- 
creased to give a strain rate of about 0.06 
in. per in. per min (if related to the initial 
period of test) after the 0.2 per cent off- 


set yield strength was reached. The latter 
specimens gave about 10 per cent (aver- 
age) higher ultimate tensile strength. 
Room-temperature tension testing was 
conducted at a constant head speed that 


* 2 


etch (X 250). 
Note cracks through the coating. 


corresponded to a strain rate of 0.003 in. 
per in. per min in the test section of the 
specimens at the beginning of the tests. 
Three to six specimens were used per 
condition. 

Tension testing at —40F was per- 
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formed with the specimens placed in an 
alcohol and dry ice bath. The tempera- 
ture was checked with a thermometer. A 
strain rate of 0.003 in. per in. per min 


was use A thace tacte 


Fic. 5.—Longitudinal Section Through Al- 
Cr-Si-Coated Molybdenum as Received. Mura- 
kami’s etch (250). 

Note multiphase nature of the coating, the 
distinct layer structure, and the cracks through 
the coating. 


Fatigue Testing: 

Testing at 1800 F was performed in an 
Ivy axial-loading fatigue machine that 
operates at a constant speed of 3600 
cpm and is basically a constant-force 
machine. A Lepel 5-kw output, 250- to 


| 
Through W-2 
is Received. Murakami’s 
q 


Py 


600-kc induction-heating unit provided 
the 1800-F specimen test temperature. 
Although this temperature could have 
been attained with resistance furnaces, 
induction heating was chosen in order to 
develop techniques and procedures for 
future fatigue studies at still higher tem- 
peratures that could not be attained 
with resistance furnaces. 


t j 
Fic. 6.—Nichrome-V Weld Bead on C 


these locations. 


The induction coils were made of 
copper tubing and had four to six wind- 
ings. They had an elongated shape, the 
center portions of the longer sides being 
bent slightly toward the center. Such a 
coil shape provided rather uniform tem- 
perature distribution across the speci- 
mens within the test sections. In the 
longitudinal direction of the specimens, 
the uniformly heated length in which 
the test temperature differential did not 
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lad Molybdenum Specimen. Murakami’s etch (X50). 
Note rounding of molybdenum edges, indicating solution of molybdenum, and recrystallization at 


exceed about 10 F was between 0.75 and 


1.00 in. Outside this length a temperature 
gradient existed. The high thermal con- 
ductivity of molybdenum was apparently 
contributing to the relatively uniform 
temperature distribution within the test 
section. 

During testing at 1800 F the tempera- 
ture was checked periodically with an 
optical pyrometer. The required reading 


(apparent temperature) was determined 
for each surface condition through tem- 
perature-calibration experiments em- 
ploying thermocouples. For the unpro- 
tected specimens the apparent tempera- 
ture was also determined from the 
emissivity value for molybdenum sur- 
faces. Good agreement was obtained be- 
tween the two methods. During fatigue 
tests the temperature at the specimen 
test sections was monitored manually by 


adjusting the power control of the induc- 


: 
— 
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tion-heating unit. Such a method re- 
quired close attention at the beginning 
of each test until an equilibrium condi- 
tion was reached. It was estimated that 
the temperature within the test sections 
of the specimens was maintained within 
1800 + 25 F limits. 


On FATIGUE PRopERTIES OF UNCOATED AND COATED UNALLOYED MOLYBDENUM 765 


Fic. 7. 


The unprotected molybdenum speci- 
mens were tested within a hydrogen-at- 
mosphere envelope as shown in Fig. 7. 
This envelope consisted of a Vycor glass 
shell held between two units of brass 
bellows and flanges mounted around 
grips. Silicon-rubber seals were used at 
both ends of the shell and O-rings served 
as seals at the grips. All flanges were 
water-cooled. Gas passages were pro- 
vided through the grips. Prior to and 
after the feeding of hydrogen, the system 
was purged with argon. Both gases were 
fed with a slight pressure and escaped 


-Upper Portion of Ivy Machine with a Mounted Specimen Within the Hydrogen En- 
velope, Induction Heating Unit, and Optical Pyrometer. 


through a liquid (mineral oil) trap 
against an electric heating coil that 
caused the hydrogen to burn. The same 
pair of grips and the same general ar- 
rangement were used for testing coated 
specimens in air, but, of course, without 
the envelope. 


The room temperature fatigue tests 
were conducted on a 6-ton axial-loading 
Schenck fatigue machine. The frequency 
of the cyclic load varied between 2000 
and 2300 cpm, depending on the load 
level. 

Testing at —40 F was performed on 
another Ivy machine with a cooling unit 
placed on it. The scheme of the cooling 
unit, shown in Fig. 8, is self-explanatory. — 
A thermocouple in the air stream in 
front of the specimens monitored the 
system by switching the liquid pump on 
and off. The temperature-distribution 
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pattern in the test specimens and the 
air temperature required to provide the 
—40-F testing temperature at the center 
of the specimens were determined ex- 
perimentally by means of specimens in- 
strumented with thermocouples. The 
temperature fluctuations due to cycling 
of the cooling unit were within +3 F. 
The air temperature settings were be- 
tween —44 F and —46 F (depending on 
load level), and the temperature at the 
test sections of the specimens was main- 


Liquid-coolant 
circuit 
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strain-rate effects were not investigated 
in detail nor determined quantitatively. 

As can be seen from the table, the 
coatings generally lowered the ultimate 
tensile and yield strengths of the molyb- 
denum specimens. Clad specimens tested 
at room temperature, with the stresses 
related to the molybdenum core only, 
were exceptions. The high ultimate ten- 
sile and yield strengths of clad molybde- 
num at room temperature might be at- 
tributable to the effect of the different 


Removable front 


part of chamber 2.7 
i 


—=— Air circuit 


Monitoring 
thermocouple 


Dry Ice container 
Trichloroethylene 


tained within estimated —40 +5F 
limits. 
DIscussION OF RESULTS 

‘The fatigue test results are plotted in 
Figs. 9(a) to (d). The maximum stresses 
at endurance limit (at 10’ cycles for 
1800 F) are listed in Table I together 
with the average tension data obtained. 
It should be emphasized that in tension 
testing molybdenum was found to be 
strain-rate sensitive at all three tempera- 
tures, and, therefore, these data should 
be interpreted and used with caution. 
Because of the exploratory nature and 
the limited scope of this program, the 


(driven on and off) 


Fic. 8.—Scheme of Cooling Unit. 


Heat exchanger 


rolling schedule for clad material and to 
the strengthening effect of the cladding. 
The ductility of the clad edge-welded 
specimens at room temperature was 
quite low, and these specimens failed in 
a brittle manner, apparently because of 
the notch effects resulting from the pres- 
ence of the relatively brittle edge welds. 
Clad material with no edge welds exhib- 
ited considerable ductility and higher 
ultimate tensile and yield strengths (see 
Table I) than edge-welded specimens. 
The fatigue fractures at 1800 F were 
generally of mixed nature (see Fig. 10), 
with a certain amount of brittle fracture 
(caused by crack initiation and propaga- 


Reservoir 
je 
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d tion). The remaining cross-section failed protective. No premature failures caused 
a in a ductile manner. The amount of by coating failure and oxidation were 
€ brittle fracture generally increased with experienced. On one unnotched long-life 
e decreasing stress level (increasing life- specimen a deep pit was formed by oxida- 
1 TABLE I.—TENSION* AND FATIGUE’ TEST RESULTS. 
Ultimate Ten- | Yield Strength, : Fatigue Strength,° pei 
’ Temperature, deg Fahr sile Strength, 02 ee Elongation, 
psi set, pei per cent 
Unnotched Notched 
UNPROTECTED SPECIMENS 
t RR 52 000 44 000 9 28 000 26 000 
Room temperature........ 105 000 99 000 26 90 000 55 000 
See 121 000 é 0.06° 127 000 78 000 
W-2-CoatTep Specimens’ 
46 000 42 000 12 26 000 15 000 
Room temperature........ 94 000 88 000 31 68 000 40 000 
85 000 80 000 40 000 
Al-Cr-Si-Coatep Specimens’ 
42 000 38 000 14 23 000 14 000 
Room temperature........ 89 000 80 000 31 76 000 42 000 
119 000 0.10° 98 000 49 000 
Crap Specimens? 
48 000 43 000 14 26 000 18 000 
Room temperature........ 112 000 108 000 1.6 67 000 17 000 
124 000* 116 000* 
69 000 or 74 000 43 000 
* Average values of several specimens. 
> In tension-tension loading with a ratio of alternating load to mean load of A = 0.95. 
¢ “Fatigue strength” as given in the table is the maximum stress at 10’ cycles for 1800 F and at 
) endurance limit for room temperature and for —40 F. 
4 Specimens failed before reaching 0.2 per cent offset yield strength. 
. * Determined from stress-strain recordings. 
| / Based on specimen cross-section before coating. 
; ? Based on cross-section of the molybdenum core only. 
° + These data are for clad material with no edge welds as determined by the supplier at room tem- | 
perature. 
time), being considerably higher in the tion at one edge near the test section 
' notched specimens. The protected speci- shortly before failure. This specimen 
. mens exhibited less ductility than the failed, however, through the unoxidized 
unprotected. The amount of brittle frac- test section. Of the Al-Cr-Si-coated 
ture varied between almost zero (un- specimens, one unnotched and four 
notched unprotected specimens at high notched specimens failed prematurely be- 
stresses) and 100 per cent (notched W-2- cause of coating failures and oxidation. 
coated specimens at low stresses). Figure 11 shows one of these notched 
During high-temperature testing, the specimens. Of the clad specimens, one _ 
W-2 coating appeared to be uniformly unnotched (shown in Fig. 12) and one _ 
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©@ Retested runout specimens 


_Unnotched specimens tested at -40F 
& Notched specimen tested at -40F 
< & Specimens foiled at the stort of fatigue machine 


=, 


Maximum Stress, psi 


° 


Maximum Stress, psi 
based on cross-section 
before coating 


+o 
T 


Role 


Ky #2; -40F 
— 


Maximum Stress, psi, 


105 10° 
Cycles to Foilure 


(b) W-2-coated specimens. 
(c) Al-Cr-Si-coated specimens. 
(d) Clad specimens. 


Fic. 9.—Fatigue Test Results. 


ell 
>_ 
(Dashed lines drawn left of these points indicate 
the observed period of oxidotion) 
| 
— 
140 000g 
+ | > 


pais (a) Unprotected (tested in hydrogen). 

; (b) W-2-coated (tested in air). 

(c) Al-Cr-Si-coated (tested in air). 

(d) Clad (tested in air). 


Fic. 10.—Typical Fractures of Fatigue Specimens Tested at 1800 F. ay 
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notched specimen faiied prematurely be- 

cause of defects in the edge welds and 

oxidation occurring under the cladding. 
At room temperature and at —40F, 


Fic. 11.—Notched Al-Cr-Si-Coated Fatigue 
Specimen, Tested at 1800 F in Air, That Failed 
Prematurely Because of Oxidation. 
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probable notch effect from edge welds. 
The adherence of the W-2 coating ap- 
peared to be excellent at both room tem- 
perature and —40F. The adherence of 
the Al-Si-Cr coating was considerably 
weaker. This coating came off near the 
fractures at failure on most specimens. 
The adherence of the cladding appeared 
to be very good. 

In high-temperature fatigue test data, 
the scatter was not large, except for the 
Al-Cr-Si-coated specimens, for which 
the scatter apparently was increased by 
the large variations observed in the coat- 
ing thickness. The higher scatter in room- 
and low-temperature test data probably 


Fic. 12.—Fracture of an Unnotched Clad Specimen, Tested at 1800 F in Air, That Failed Pre- 


maturely Because of Oxidation. 


the fractures of fatigue specimens were 
generally of a brittle nature (Fig. 13), 
with occasional traces of lamination. In 
many specimens cracks were present in 
the vicinity of the fractures, caused pos- 
sibly by the shock at failure. A number 
of specimens tested at —40 F failed into 
more than two pieces. Most of the un- 
notched clad specimens tested at room 
temperature broke off-center, indicating 


is attributable to the rather brittle na- 
ture of the uncoated and coated molyb- 
denum at these temperatures. For pro- 
tected specimens, the coating variations 
and metallurgical notch effects from the 
coatings and additional effects from edge 
welds in clad specimens probably con- 
tributed to the scatter. 

All fatigue curves obtained at 1800 F 
were somewhat similar in nature, having 
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approximately similar slopes. Endurance 
limits, if such existed at this temperature, 
probably would have been reached at 
considerably longer lifetimes and lower 
stresses than those used in this program. 
Some indications were obtained from the 
test points that a “knee” may exist in 
the fatigue curves at about 2 X 10’ 


Fic. 13.—Typical Fractures of Unnotched 
Fatigue Specimens Tested at Room Tempera- 
ture. 


From top: Unprotected, W-2-coated, Al-Cr- 
Si-coated, and clad. (Appearance of fractures of 
notched fatigue specimens and those tested at 
—40 F is very similar to that shown in this pic- 
ture.) 


cycles. In the short-life range, a normal 
trend to flatten out was indicated for the 
S-N curves. Fatigue curves obtained at 
room temperature and at —40F indi- 
cated endurance limits. 

The fatigue curves obtained at —40 F 
proved to be very flat, which is charac- 
teristic of brittle materials. The unpro- 
tected and Al-Cr-Si-coated specimens 
exhibited a very slight ductility at —40 F 
in tension testing and had flat but nor- 
mal fatigue curves. On the other hand, 
the W-2-coated and the clad specimens 
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exhibited completely brittle behavior in 
tension testing at —40F and their fa- 
tigue strength at —40 F was independent 
of lifetime. The fatigue behavior of the 
latter two groups of specimens was pecul- 
iar in that the specimens either failed 
when the fatigue machine was started or 
ran out. One unnotched W-2-coated 
specimen which failed at about 940,000 
cycles was an exception. Therefore, the 
S-N curves for W-2-coated and the clad 
specimens at —40 F could be represented 
by horizontal lines. 

As can be seen from Table I, the maxi- 
mum stress at endurance limit for the 
unnotched unprotected and clad speci- 
mens tested at —40 F was higher than 
the ultimate tensile strength at this tem- 
perature. In some other cases, at all 
temperatures (see S-N curves) the short- 
life fatigue strength (maximum stress) 
of unnotched specimens was higher than 
or close to the ultimate tensile strength 
of specimens of the same surface condi- 
tion tested at the same temperatures. 
Such behavior apparently was caused by 
the effect of the much higher strain rates 
used in fatigue testing. When the short- 
life fatigue strength was lower than the 
ultimate tensile strength, mainly in pro- 
tected specimens, the strain-rate effect 
was probably overshadowed by the met- 
allurgical notch effects present in the 
protected specimens. 

For unprotected specimens, the un- 
notched fatigue strength (maximum 
stress) was 28,000 psi at 1800F (10’ 
cycles), 90,000 psi at room temperature, 
and 127,000 psi at —40F. All coatings 
lowered the fatigue strength of molyb- 
denum at all three temperatures. The 
loss in fatigue strength of protected 
molybdenum varied at the various test 
conditions. For unnotched specimens 
tested at 1800 F, the decrease in fatigue 
strength of protected specimens was rel- 
atively small. The decrease in fatigue 
strength of unnotched protected speci- 
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mens at room temperature and particu- 
larly at the low temperature was con- 
siderably larger. 

The notch sensitivity of unprotected 
molybdenum tested at 1800 F was low; 
the value of the fatigue notch factor 
(ratio of unnotched fatigue strength to 
notched) was only 1.08 as compared with 
the theoretical stress concentration fac- 
tor of 2.0 for the notched specimens. At 
the high temperature, all coatings con- 
siderably increased the notch sensitivity 
of molybdenum. At both room tempera- 
ture and —40 F, the fatigue notch factor 
for unprotected molybdenum was about 
1.63. For protected molybdenum, the 
fatigue notch factor was higher in all 
cases. In some of these, the increase in 
fatigue notch factor was slight. For W-2- 
and Al-Cr-Si-coated notched specimens 
tested at —40 F, the fatigue notch factor 
was the same (2.0) as the theoretical 
stress concentration factor. For the clad 
notched specimens tested at room tem- 
perature, the fatigue notch factor was 
close to the value of 4.0 (double the 
theoretical stress concentration factor). 
Such a result indicated that the metal- 
lurgical notch effects and particularly the 
effect of edge welds contributed consider- 
ably to the stress concentration at the 
notches. 

It is interesting to note that the W-2- 
coated and the clad specimens, which at 
high temperature had less loss of fatigue 
strength than the Al-Cr-Si-coated speci- 
mens, had higher losses in fatigue 
strength at room temperature and at 
—40 F. Generally, the decrease in fatigue 
strength of protected specimens may 
have had several causes, with the metal- 
lurgical notch effects created by diffusion 
on all coatings and additional effects 
from edge welds on clad specimens prob- 
ably being the major factors. The slight 
recrystallization in the W-2- and Al-Cr- 
Si-coated specimens that occurred during 
the coating processes may have been 
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another factor. The treatments used 
during the coating processes may have 
had some additional effects. The out-of- 
flatness of coated specimens may have 
been still another factor, although no 
correlation could be detected between 
the out-of-flatness and the fatigue re- 
sults. The loss of fatigue strength in 
notched specimens was greater than in 
unnotched specimens in all cases, indi- 
cating that the coatings are more detri- 
mental in applications where geometric 
discontinuities exist. 

From the viewpoint of coating pro- 
tectiveness at high temperature, none of 
the coatings could be considered com- 
pletely reliable. The W-2 coating seemed 
to be the best of the three. The oxidation 
protectiveness in clad material appeared 
to be quite good generally. However, 
protection of the edges seemed to be a 
critical item, since two clad specimens 
failed prematurely because of edge-weld 
defects. 

It appears that further developments 
and improvements in oxidation-resistant 
coatings are necessary for successful and 
reliable utilization of coated molybde- 
num and molybdenum-base alloys in 
applications of continuous fatigue load- 
ing at high temperatures. The potential 
of molybdenum for high-temperature ap- 
plications lies in the molybdenum-base 
alloys that have higher strength at ele- 
vated temperatures and have higher re- 
crystallization temperatures. For service 
temperatures higher than that used in 
this program, the requirements for the 
coatings under fatigue loading would be 
even more severe. 


CONCLUSIONS 


1. Molybdenum was found to be 
strain-rate sensitive at all three test 
temperatures. 

2. For unprotected molybdenum, the 
unnotched fatigue strength (maximum 
stress) at 10’ cycles was 28,000 psi at 
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1800 F, 90,000 psi at room temperature, 
and 127,000 psi at —40 F. 

3. The notch sensitivity of unpro- 
tected molybdenum was low at 1800 F, 
but rather high at room temperature 
and —40 F. 

4. All coatings lowered the fatigue 
strength of molybdenum. However, the 
loss of fatigue strength in protected un- 
notched specimens at 1800 F was small. 

5. The coatings increased the notch 
sensitivity in all cases; thus they were 
more detrimental to the fatigue strength 
of notched specimens than to that of un- 
notched specimens. 

6. The coatings investigated did not 
prove to be completely reliable for high- 
temperature applications under continu- 
ous fatigue loading. For limited-life high- 
temperature fatigue loading, utilization 
of protected molybdenum appeared to be 
possible with proper precautions. 

7. The results of this investigation in- 
dicated the potentiality of protected 
molybdenum for high-temperature struc- 
tural applications. However, additional 
research and development appeared to be 


necessary, particularly of the coatings, 
to increase their reliability under fatigue 
loading. 
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DISCUSSION 


Mr. Georce Goun.'—I wonder if, 
when tests are made at these high tem- 
peratures (1800 F), the stress concen- 
tration estimated by the authors really 
exists after the first few cycles, or if there 
is not stress relief because the material 
is stressed well above the elastic limit? 


Tf so, then we have two different types of 


test specimens in which no stress con- 
centration is present. I am raising this 

1 Supervisor, Mechanical Testing Labora- 
tory, Bell Telephone Laboratories, Inc., New 
York, N. Y. 


question as a possible explanation for 
the close agreement between the tests on 
notched and unnotched specimens tested 
at 1800 F and the marked difference in 
test results at room temperature and at 
—40F. 

Mr. A. A. MITTENBERGS (author).— 
I think this is a good point. Generally, we 
did find that the notch effect at the high 
temperature was lower than at room 
temperature or —40F, and the stress 
relief is probably the cause. We did not 
investigate any of the details. 
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HIGH-TEMPERATURE FATIGUE AND BENDING STRAIN 


By G. J. Danek, Jr.,! H. H. Smirn,' anp M. R. AcuTER! 


SYNOPSIS 


Fatigue properties in air and in vacuum of nickel, type 316 stainless steel, 


_ and Inconel X at 1500 F are compared. Sheet metal specimens were cycled in 
_ reversed bending at their resonant frequency by means of a magnetic coupling. 


Since at this temperature all of these materials, except Inconel X, deform plas- 
tically, an optical technique for measuring plastic bending strain at elevated 
temperature has been developed. 

The effect of environment on fatigue properties is similar for all three mate- 
rials. At high strains, fatigue lives are superior in vacuum, and with decreas- 
ing strain the vacuum and air curves converge. With nickel, tested in thinner 
sections, the fatigue curves cross to produce a reversal in the atmospheric ef- 
fect at low strains. The results of this investigation can be explained by a mech- 
anism previously proposed to interpret similar findings in creep, which involves 
the simultaneous operation of two competing processes. The effects of section 
size and vibration frequency are discussed in terms of the proposed mecha- 


MEASUREMENTS IN CONTROLLED ENVIRONMENTS* . x 


nism. 


are presented. 


The requirements in many current 
applications that materials operate under 
cyclic stresses in environments other 
than air has stimulated work on the ef- 
fect of atmosphere on fatigue strength. 
Two basic methods have been used to 
iransmit motion through the wall of an 
environmental chamber by the investi- 
gators in the field. Gough and Sopwith 
(1)? performed room-temperature axial 
fatigue tests in vacuum using a flexible 
bellows as an integral part of the cham- 
ber. Improvements over room-tempera- 
ture fatigue limits in air are reported 
of 5 per cent, 13 per cent, and 26 per 

* Presented at the Sixty-fourth Annual Meet- 
ing of the Society, June 25-30, 1961. 

1 Metallurgy Division, U. S. Naval Research 
Laboratory, Washington, D. C. 


? The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


Some implications of these results to design of high-temperature structures 


cent for mild steel, copper, and brass, 
respectively, when the tests are per- 
formed in vacuum pressures of 5 X 10‘ 
to 1 X 10-* mm of mercury. A negligible 
environmental effect was found for a 
copper-nickel alloy and a nickel-chro- 
mium steel. The bellows seal principle 
was also used by Stephens and Sinclair 
(2) to test thin-wall molybdenum in vac- 
uum under repeated axial load at 1700 
F. In both investigations, since the load 
was applied outside the vacuum chamber 
allowance had to be made for the bellows 
seal if light loads were used. Wadsworth 
and Hutchings (3) used external electro- 
magnets, pulsing at a rate dictated by 
the alternating current, to conduct room- 
temperature, reverse-bending fatigue 
tests at resonance. Surface strain was de- 
termined by calibration runs with strain 
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gages. They reported that the ratio of 
fatigue life in air to that in a vacuum of 
10-° mm of mercury was 1:20 for copper, 
1:5 for aluminum, and 1:1 for gold. 
Snowden (4) also reported longer lives 
in a vacuum of 10-* mm of mercury for 
reverse-bending fatigue at room tem- 
perature. The ratio of life in vacuum to 
that in air was 6 for aluminum and as 
much as 50 for lead. 

In contrast to these results at room 
temperature, published data on the high- 
temperature atmosphere effect, confined 
to creep-rupture testing, have mostly 
shown higher strengths in air than in an 
inert gas. Shahinian and Achter (5,6), 
however, have demonstrated that with a 
sufficiently large range of variation of 
test conditions the effect of atmosphere 
may be reversed. At low temperature 
and high stress, the creep strength of 
nickel and nickel-base alloys is greater in 
vacuum, while at low stress and high 
temperatures it is greater in air. A mech- 
anism to explain this reversal was pro- 
posed based on two competing processes. 
Adsorption of gases lowers surface energy 
and reduces the work required to propa- 
gate a crack, while oxidation can increase 
the hardness and strength. 

To determine whether this reversal of 
the atmosphere effect would be observed 
in high-temperature fatigue, testing 
equipment and a technique for measur- 
ing bending strain were developed. The 
results of studies on nickel, type 316 
stainless steel, and Inconel X are dis- 
cussed in terms of the proposed mecha- 
nism. 


EXPERIMENTAL PROCEDURE 


Test Equipment: 

Equipment previously developed for 
high-temperature, controlled - environ- 
ment, flexural fatigue tests (7) was modi- 
fied by the addition of a servomechanism 
to hold amplitude constant (8). An assem- 
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bly consisting of a sheet metal specimen, 
extension rod, and permanent magnet 
is driven by two external electromagnets, 
tuned to resonance. At either extreme of 
its excursion, the extension rod strikes 
an electrical contact, causing a signal to 
be sent to a servomechanism which holds 
amplitude constant within 0.3 per cent. 
When a crack begins to propagate, the 
servomechanisms drive upscale to satisfy 
the increasing power requirement, close 
a limit switch, and end the test. 


Testing Conditions: 


Specimen temperature, measured by a 
platinum—platinum -rhodium thermo- 
couple at the lower end of the reduced 
section, was maintained at 1500 + 2F.A 
conventional mechanical and diffusion 
pump combination was used to produce 
starting vacuum pressures ranging from 
2 X 10-* to 1 X 10-5 mm of mercury. 
Fatigue tests were conducted in air and 
in vacuum on 0.050 in. thick type 316 
stainless steel and Inconel X at 5 cps. 
Nickel 0.035 in. thick was vibrated at 
2 cps and 0.060 in. thick nickel at 5 cps; 
to investigate size and frequency effects 
nickel 0.118 in. thick was vibrated at 5 
and 12 cps. Heavy tuning weights were 
used to reduce the resonant frequency of 
the thick nickel. 


Specimen Preparation and Materials: 


Details of specimen geometry have 
been reported previously (7). The width 
at the minimum section was 0.187 in. and 
the thickness was chosen to produce the 
desired test frequency. The nickel had a 
purity of 99.8 per cent and contained 
chromium, iron, magnesium, silicon, and 
carbon as impurities. It was supplied in 
the form of } in. thick sheet which was 
cold rolled to within 0.012 in. of the 
thickness of the two thinner gages. The 
alloy specimens were machined from 
zs-in. sheet. The Inconel X was heat 
treated for 2 hr at 2100 F, 24 hr at 1550 
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F, and 20 hr at 1300 F before machining. 
All materials were electropolished to a 
tolerance of +0.0001 in. before test. To 
determine whether the vacuum atmos- 
phere was affecting fatigue strength by 
removing gases and other volatiles, sev- 
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Fic. 1.—Mirrors Fixed to Specimen for Opti- 


cal Measurement of Strain. 
) 
6 


the measurement of strain instead of 
stress. Stress calculations by a method 
previously described (7) are valid only in 
the elastic range. An optical technique 
for measuring bending strains was used 
which is based upon the determination 
of the bending radius of curvature. Two 
mirrors are arranged symmetrically about 
the reduced section and parallel to the 
face of the specimen by means of spot- 
welded rods (Fig. 1). These mirrors oscil- 
late as the specimen is cycled in reversed 
bending and reflect streaks of light to a 
screen. Streak lengths measured from 
photographs are used to compute curva- 
ture and surface strain. 

The derivation of the relationship used 
to compute surface strain is based on the 
assumption of circular bending in the 
gage length, in this case 0.250 in. Figure 
2 depicts schematically the streaks of 
light traced on a screen after bending 
through one-half amplitude. The uncor- 


Fic. 2.—Schematic Diagram of Arrangement for Optical Measurements of Strain. 


eral tests were run in air on nickel and 
stainless steel which had been first vac- 
uum annealed at 1500 F for 16 hr. Within 
experimental error, there was no effect of 
the prior vacuum anneal. 


Strain Measurements: 


At 1500 F, the nickel and stainless 
steel deform plastically, necessitating 


rected strain, ¢ , is given by 


where d is the half thickness and r is the 
radius of curvature. This relationship is 
valid if the strain gradient is linear. Since, 
at the amplitudes used, there is no per- 
manent change of shape of the reduced 
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(a) 0.035 in. thick nickel cycled at 2 cps. 
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(b) 0.060 in. thick nickel cycled at 5 eps. 


Fic. 3.—Strain Measurement Calibration Curves for Nickel. 
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Fic. 4.—Strain Measurement Calibration Curves for 0.118 in. Thick Nickel Cycled at 5 and 12 


cps. 


section it probably holds for practical 
purposes. From Fig. 2, 


where g is the gage length, or distance 
between rods, and 


1 1 


where 6 is the length of the optical lever 
and / is the length of the streak. These 
relationships hold if < b. Finally, 


Owing to the variation of specimen width 
over the gage length, the following cor- 
rection is applied to convert average 
strain over this length to strain at the 
center of the reduced section: 


p 
1, 0.16 | 
+— + + 
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Fic. 5.—Strain Measurement Calibration Curves for 0.050 in. Thick Inconel X Cycled at 5 cps. 
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< Fic. 6.—Strain Measurement Calibration Curv .050 in. Thick Type 316 Stainless Steel 
Cycled at 5 cps. : 
Scatter bands for optical and foil strain gage methods are shown. ' | 
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z ture, and maintained there until the de- 
sired pressure was achieved, approxi- 
mately 8 hr. The corresponding air tests 
where: were maintained at temperature for the 
€) = uncorrected strain per half cycle, same length of time. After reaching the 

from strain gage or optical method, desired vacuum the electrical contacts to 


€ = corrected strain per half cycle, the servomechanism were adjusted for an 
% = average width along gage length, amplitude slightly smaller than the 
and scheduled one, the resonant frequency 


w = minimum width of reduced section. was determined, and the amplitude then 


Eis 
£ 
3 0.050-In. Inconel X and » yy 
S 0.050-In. Type 316 
Stainless Steel 5 cps 
© Vacuum 
10 } inconet x 
9.0 Type 316 Stainless Steel 
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Cycles to Failure 
7.—Vacuum and Air Fatigue Behavior of 0.050 in. Thick Inconel X and Type 316 Stainles 
Steel I Gycied at 5 cps and 1500 F. 


Average starting vacuum pressure: stainless steel, 1 X 10-5 mm of mercury; Inconel X, 2 X 107 
mm of mercury. 


To establish the accuracy of the increased until the desired frequency was 
method, optical strain measurements at reached. 
room temperature were compared to For optimum control of vibration am- 
those made with a resistance gage before plitude, the electromagnets were pulsed 


‘ calibration runs at 1500 F on the same at a frequency slightly lower than the 


specimen. resonant frequency. For all except the 
“=n ) highest amplitudes, where an excess of 
Test Procedure: _ power was not available, the limit 


switches were adjusted to end the test 

Since the resonant frequency decreases when the magnet current had increased 

with increased amplitude, the correct by 50 percent. This setting, however, was 

tuning weight to give the desired fre- not critical in affecting the fatigue life; 

quency was attached before sealing the as Wadsworth and Hutchings (3) have 

vacuum chamber. The system was_ reported, the current remains fairly con- 
evacuated cold, heated to test tempera- stant until just before failure. 
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RESULTS 


Strain Measurements: 
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Calibration curves for the three thick- 
nesses of nickel are shown in Figs. 3 and 


at 1500 F. 


because of the relatively low strength of | 
nickel at high temperature, are consider- 
ably above the room-temperature values _ 
and display a change of slope evidently | 
due to the transition from elastic to 


Plastic Strain, per cent 
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8.—Vacuum and Air Fatigue Behavior of 0.035 in. Nickel Cycled at 2 cps and 1500 F. 
Average starting vacuum pressure 5 X 10~* mm of mercury. 
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Fic. 9.—Effect of Section Size and Frequency on Vacuum and Air Fatigue Behavior of Nickel Le 


Average starting vacuum pressure: 0.060 in. thick nickel, 1 X 10-5 mm of mercury; 0.118 in. ; 


thick nickel, 2 X 10~* mm of mercury. 


4. At room temperature the optical 
method substantially reproduced the 
1500 F, 


strain-gage measurements. At 
however, the optical curves, probably 


plastic bending. For Inconel X, in Fig. 5, _ 
the agreement for the two methods at 
room temperature is 3 per cent. Two hot 

runs, which differ by 3 per cent, are ap- 4 
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proximately 5 per cent lower than the 
room-temperature curves. Continued 
precipitation hardening at 1500 F, fol- 
lowing the final heat treatment at 1300 F, 
evidently stiffened the specimen and re- 
duced the bending strain. 

In order to establish the agreement 
between the two methods of strain 
measurement, a number of runs were 
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parison had to be used. A method de- 
scribed previously (7), which holds only 
for elastic strains, was used to calculate 
the stress for Inconel X. This calculated 
stress was then compared to the value 
obtained by converting measured strain, 
from the high-temperature optical 
method, to stress. Published values for 
the elastic modulus at 1500 F are 18.5 x 
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Cycles to Failure 


Fic. 10.—Vacuum and Air Fatigue Behavior of 0.060 in. Thick Nickel and 0.050 in. Thick Type 


316 Stainless Steel Cycled at 5 cps and 1500 F. 


Average starting vacuum pressure, 1 X 1075 mm of mercury. 


made on the stainless steel. In Fig. 6 
the extremes of each method are plotted 
both as full calibration curves and as an 
expanded section. Based on five runs at 
room temperature, the scatter band of 
3 per cent for the optical method is con- 
tained within that for the strain-gage 
data of 5 per cent. Two runs at 1500 F 
differed by 5 per cent. 

At room temperature the resistance 
strain gage was available as a standard, 
but at 1500 F an indirect method of com- 


10° psi for static and 23.2 X 10° psi for 
dynamic determinations. Agreement for 
the two methods of stress determination 
is obtained if a value near the middle of 
this range, 20.4 X 10° psi, is assumed for 
the conversion. 

Until an exhaustive evaluation of the 
accuracy and reproducibility of this 
method has been made, for purposes of 
reporting the results of this investiga- 
tion, the data are considered reliable to 


5 per cent. 
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Fatigue Study: 

Following the procedure of Tavernelli 
and Coffin (9) the fatigue data, when pos- 
sible, are plotted as log cycles to failure 
versus log per cent plastic strain per one- 
half cycle, which was computed by sub- 
tracting elastic strain, obtained from 
published values, from the total strain. 
Since the data on Inconel X are almost 
entirely in the elastic range, total strain 
was plotted instead of plastic strain. 

The effect of environment on fatigue 
strength was, in general, similar for all 
three materials and appeared to conform 
to the competing-processes mechanism 
mentioned earlier. At high strains all the 
materials were stronger in vacuum, in- 
dicating that at short times, where oxida- 
tion is slight, the weakening mechanism 
by gas adsorption is controlling. 

There is evidence, however, that oxida- 
tion strengthening was occurring simul- 
taneously. In comparison to the fatigue 
life in vacuum, the air atmosphere re- 
duced the fatigue life of stainless steel 
and Inconel X at high strains, in Fig. 7, 
by a large factor. The fatigue life of 
nickel, on the other hand, was reduced 
considerably less (see Figs. 8 and 9), 
possibly because it oxidized more readily. 
Also, in Fig. 10, while the fatigue be- 
haviors of nickel and of stainless steel in 
vacuum are quite similar, in air there is a 
large difference; the nickel curve is much 
higher. For the same reason, as the strains 
are reduced, all the curves for vacuum 
and air data converge, although only 
those for the two thinner gages of nickel 
in Figs. 8 and 9 actually cross, indicating 
a reversal of the atmosphere effect. 

Another indication of oxidation 
strengthening is the change in resonant 
frequency as the test progressed. In 
vacuum the resonant frequency always 
decreased—an indication of crack forma- 
tion. In air, however, the tests at lowest 
strains on the two thicker gages of nickel 
showed increases in resonant frequencies 
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of as much as 20 per cent as oxidation 
stiffened the specimen. No effect could 
be determined for the thinnest nickel 
because, owing to the large plastic 
strain, there was no resonant peak that 
could be used for the measurement. This 
progressive strengthening of nickel in 
air resulting in no failure after long times 
in test is an indication of a fatigue limit 
in air but not in vacuum. 

Other indications of oxidation 
strengthening are to be found in the re- 
sults of the study of section size and fre- 
quency effects in Fig. 9. The vacuum 
curves for the two gages of nickel are 
quite close, but in air the thinner speci- 
mens have considerably longer fatigue 
lives than the thicker ones. Similarly, in 
vacuum and at high strains in air there 
is no effect of frequency of vibration. But 
in air the increase of resonant frequency 
and prolonged fatigue life were observed 
at a higher strain at 5 cps than at 12 cps. 


DISCUSSION 


Previous investigations have shown 
that fatigue lives at room temperature —> 
can be considerably shorter in air than in 
vacuum..In the present work at 1500 F 
both weakening and strengthening ef- 
fects of an oxidizing atmosphere have 
been found which may be explained by a 
proposed mechanism based on two proc- 
cesses acting in competition. Surface 
adsorption of gases facilitates crack prop- 
agation, while oxidation hardens and 
strengthens a metal. 

Although a reversal in the atmosphere 
effect for the alloys is indicated only by 
extrapolation to very long times, there — 
is the possibility, based on the tempera- 
ture-dependence of the environmental 
effect in creep (5,6), that at higher tem- 
peratures even the alloys will have better _ 
fatigue strengths in air than in vacuum. 
Furthermore, investigations on alloys at 7 a 
higher temperature may demonstrate a - 
fatigue limit in air but not in vacuum. 
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Upper: Tested in air at 0.060 per cent plastic strain, interrupted at 3 X 10° cycles. 
Lower: Tested in vacuum at 0.054 per cent plastic strain, failed after 1.3 X 10® cycles. 7 
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Fic. 11.—0,.060-in. Thick Nickel Cycled at 5 cps and 1500 F; Unetched (X100); Flat Surface 


On FATIGUE AND BENDING STRAIN MEASUREMENTS 
J 


Since these questions are matters of 
concern to designers of high-temperature 
equipment, the possibility that fatigue 
strengths of commercial alloys may be 
higher in air than in a neutral environ- 
ment should be examined with some 
care. First of all, the criterion for failure 
used in this work should be reappraised. 
In constant-amplitude machines the test 
is terminated by a drop in resonant fre- 
quency, which is taken to be an indication 
of the formation of cracks. But in Fig. 11, 
which is representative of crack struc- 
tures in nickel, it can be seen that the 
interrupted specimen in air, which ac- 
cording to the above criterion did not 
fail, actually had more numerous cracks 
than the one that failed in vacuum. Evi- 
dently, filling of the cracks with an oxide 
layer, which can support a normal tensile 
stress (10), has prevented failure. 

In the light of the observation that the 
supposedly stronger specimen actually 
has more cracks, it would appear that 
further work on the effect of atmosphere 
on crack formation and the properties 
of the resultant structure is in order. It 
is planned to interrupt tests in air and in 
vacuum to compare crack structure. 
Studies will also be made of the load- 
carrying ability of a metal which has been 
“strengthened” by oxidation. 


SUMMARY AND CONCLUSIONS 
Strain Measurements: 


1. An optical technique for measuring 
bending strains in the plastic range at 
1500 F has been developed for the pur- 
pose of reporting the fatigue results of 
this investigation. 

2. Pending more exhaustive evaluation 
of the technique, strain measurement 


data at 1500 F are considered reliable to ' 


5 per cent. 
Fatigue Study: 


1. In general, the fatigue test results 
at 1500 F were similar for the three ma- 


terials investigated: nickel, type 316 
stainless steel, and Inconel X. At high 
strains the fatigue lives are superior in 
vacuum, and with decreasing strain the 
vacuum and air curves converge. 

2. The results of this investigation 
can be explained by a mechanism previ- 
ously proposed to interpret similar find- 
ings in creep, which involves the simul- 
taneous operation of two competing 
processes: The surface adsorption of 
gaseous impurities lowers surface energy 
and facilitates crack propagation, while 
oxidation provides a strengthening tend- 
ency. 

3. That these processes operate simul- 
taneously is evident when the environ- 
mental behavior of the nickel and the 
stainless steel are compared. At high 
strains the air atmosphere reduces the 
fatigue life by a factor of roughly 20, 
but the strength of nickel is reduced by 
only a factor of roughly 5 because it 
oxidizes more readily. 

4. For the same reason the converging 
vacuum and air curves of the two thinner 
gages of nickel actually cross to produce 
a reversal in the environmental effect. A 
similar reversal may very well occur if 
commercial high-temperature alloys are 
tested at higher temperatures. 

5. Further evidence of oxidation 
strengthening is the increase in resonant 
frequency of the two thicker nickel speci- 
mens when cycled at the lowest strain; 
this is indicative of stiffening. 

6. A metallographic comparison of a — 
nickel specimen tested in air and inter- 
rupted before failure with a specimen 
tested at nominally the same strain in a — 
vacuum shows that more cracks exist in 
the supposedly stronger air-tested speci- 
men than in the one tested to failure in 
vacuum. This suggests a reappraisal of 
the present criterion for fatigue failure in 
which the test is terminated by a drop in 
resonant frequency. 

7. The results of a study of section size 


j 
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and are compatible 
with the proposed mechanism. 
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Mr. F. J. WALL."—The curves repre- 
senting data obtained in vacuum appear 
to slope downward whereas the curves 
for the data obtained in air appear to 
level off. Do the authors feel that the 
vacuum curves will level off to a definite 
endurance limit at a larger number of 
test cycles? 

Mr. G. J. DANEK (author).—No, I do 
not think there will be an endurance 
limit in vacuum. We did not get any 
indication of one during the longest 
fatigue test we were able to run in 
vacuum. 

Mr. CLARENCE R. Smitu.2—If there 
were sufficient vacuum, would it be 
possible that the lower endurance on the 
long-lived specimens might have been 
caused by cavitation rather than by 
annealing? 

Mr. DANEK.—Room-temperature ex- 
periments by Wadsworth and Hutchings 
have shown that we get no converging of 
fatigue curves since there is no oxidation, 
but rather a parallelism between the air 
and vacuum fatigue curves; this might 
help to answer your question. 

Mr. SmitH.—That is not what I had 
in mind. Some alloys, particularly 
magnesium, become unstable at very 
high vacuums so that a lower fatigue 
strength might be expected. 

Mr. DanEK——No evidence of cavita- 
tion from evaporation of constituents 
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‘ 
was observed on the vacuum specimens 
tested. 

Mr. M. SEMCHYSHEN.*—The develop- 
ment of oxide in the air-tested specimens 
is obvious. It is also possible that oxide 
films could develop on the specimens 
tested in vacuum. Depending upon the 
partial pressure of oxygen in the “vac- 
uum,” the extent of oxide film and its 
composition may be different from that 
developed in an air atmosphere. Did the 
authors check for the existence of an 
oxide film and its composition on speci- 
mens tested in a vacuum? 

Mr. Danek.—We got no visible 
oxide in the vacuum except for Inconel 
X. We have made no analysis of com- 
position of oxide in any case. 

Mr. E. H. Scnuette.t—The size 
effect on the specimens tested in air is 
explained by stating that a greater 
percentage of the material was oxidized 
in the thinner specimens. Since the sur- 
faces were presumably the same, this 
implies a subsurface effect of the oxida- 
tion, and it could therefore be taken as 
an indirect implication that failure 
initiation was subsurface. Were the 
specimens examined after testing for — 
indications of subsurface initiation? 

Mr. Danek—No, the specimens 
were not examined for subsurface | 
initiation. 

Mr. G. J. DANEK (authors’ closure) — 
The possibility proposed by Mr. Smith 
that cavitation due to the vacuum 
environment may decrease strength has : 
been brought up previously in connection — 
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with creep rupture studies at Naval 
Research Laboratory. In creep, ma- 
terials were tested in helium and argon, 
to eliminate any effect of cavitation, as 
well as in vacuum. Rupture strengths in 
the inert gases were substantially the 
same as those resulting from vacuum- 
tested specimens. 

In reference to the interesting discus- 
sion of Mr. Schuette concerning the 
reported size effect, the authors wish to 
submit a more detailed reply. One of the 
mechanisms by which oxidation. can 
strengthen a metal is bulk oxidation 
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which hardens and strengthens the 
bulk of the material. It is this process 
that is proposed to account for the 
reported size effect. As the fatigue test 
in air progresses, thinner specimens are 
stiffened by oxidation to a greater extent 
than thicker ones. Since these are con- 
stant amplitude tests, the plastic strain 
per half cycle decreases as the specimen 
stiffens, resulting in a decrease of crack 
propagation rate. There might not be a 
size effect, then, if plastic strain instead 
of amplitude were kept constant during 
the fatigue test. 
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number of cycles is formulated. 


Elastoplastic cyclic deformation oc- 
curs under low-cycle fatigue loading. In 
general, this deformation results in a 
change in the stress amplitude of a 
machine part from cycle to cycle until 
rupture takes place. 

At the present time, low-cycle fatigue 
testing is carried out either at a constant 
stress amplitude (1,2)* or at a constant 
strain amplitude (3,4). In both cases, 
for a quantitative analysis of failure 
condition, it is necessary to investigate 
the state of stress under elastoplastic 
cyclic deformation and the value of the 
rupture stress as a function of the number 

1 Professor, Mechanical Engineering Research 
Institute of the Academy of Sciences, Moscow, 
U.S.S.R. 
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% The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


By S. V. SERENSEN! AND R. M. SHNEIDEROVITCH? 


SYNOPSIS 


When solving problems of alternating stress distribution for bars, plates, 
and shells according to the hypothesis of plane section the integral expression 
of plasticity function is proposed. The solution of this type of problem is 
given in terms of the solution of the same problem in the case of single load- 
ing. The conditions of low-cycle fatigue failure in the case of constant stress 
amplitude and constant strain amplitude loading are compared. 


of cycles. In this connection, one should 
study cyclic stress-strain diagrams. 

Such diagrams in this paper were ob- 
tained by testing tubular specimens in 
torsion. The wall thickness was 1 mm 
and the internal diameter was 20 mm. 

Shearing deformation was measured 
by means of strain gages attached to a 
special device. Stresses were measured 
with strain gages attached to a torsion 
dynamometer. The stress-strain diagram 
was recorded by a mechanical-electronic 
recorder. Figure 1 illustrates a typical 
record. By means of limit contacts either 
the deformation amplitude or the stress 
amplitude was automatically held con- 
stant with any cycle nonsymmetry. 

Figure 2 is a schematic stress-strain 
diagram of cyclic deformation plotted 
in dimensionless coordinates. The stresses 


are divided by the proportional limit, 
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ELASTOPLASTIC CYCLIC DEFORMATION AND 
LOW-CYCLE FATIGUE 


Low-cycle fatigue fractures occur as a result of repeated elastoplastic 

_ deformation. In the case of nonuniform state of stress (for example, bend- 
ing, torsion, stress concentration) the stress distribution changes from cycle 

to cycle. This paper is devoted to the investigation of stress-strain curves 

for metals under alternating loading and io the analysis of relative cyclic 
stress distribution. For this purpose, on the basis of experimental data an 
expression for stress-strain relation and plasticity function depending on the 
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oy, and the deformations are divided be known. As shown by experiments, 
by the deformation, e,, corresponding 5, is approximately equal to 2. 

to the proportional limit. Such dimen- Masing (5) established 5, to be 2 for 
sionless quantities are indicated by plac- the first half cycle. However, accurate 
ing a bar over the symbol. There are measurement of 5, is difficult because 
two systems of coordinates shown in of the nonlinearity of unloading, so 
Fig. 2: (1) the é-é system, with origin 5, = 2 is accepted throughout. 


\ Se 


Strain 


Fic. 1.—Record of Cyclic Deformation Diagram for an Aluminum Alloy. The numbers on the 
curves indicate the number of cycles. 


at point O, gives the total values of Experimental cyclic stress-strain 
deformation; and (2) the S-€ system curves of some steels and light alloys 
starting at point O’, which refers to a for completely reversed stressing show 
given half cycle, k. The plastic compo- the following relationship between the 
nent of deformation, é,“’, in the kth half plastic components of deformation on the 
cycle is equal to the hysteresis loop initial and &th half cycles (6,7): . 
width, §*, when the maximum stress is ics? 
reached. 

To establish a general expression for , ke 
the cyclic deformation curve, the yield 
strength, 5,, on the &th half cycle must Here 2 is the deformation on the zero 
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half cycle and is a function of ¢. A and 
a are parameters of cyclic deformation. Pi! 5 
The curve of cyclic deformation for 
nonsymmetrical loading is generally where é@ is the deformation on the 
determined by the stress amplitude, re- zero half cycle at a stress equal to the 
sulting in a similar expression: stress amplitude é. . 


An equation for the stress-strain dia- a 
grams can then be formulated as follows: _ 


In this way the cyclic stress-strain 
2 curve can be expressed in terms of the 
initial stress-strain curve. Stress-strain 


6 7 6 9 calculated by this equation for an 


; aluminum alloy for a symmetrical cycle 
(open circles) and a nonsymmetrical — 
cycle (solid circles) are compared in Fig. 
3. 


Fic. 3.—Experimental Data and Calculated 
Cyclic Deformation for an Aluminum Alloy Un- 
der Constant-Stress-Amplitude Loading. 
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A A= Relative strain range 
r = Deformation ratio 


1 ° 2 4 6 8 10 
Number of Half Cycles, k sv 


Fic. 5.—Combined Cyclic Deformation 
Curves for Various Numbers of Half Cycles. 
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Fic. 4.—Experimental Data and Theoretical Curves Under Constant-Strain-Amplitude Loading. 


The cyclic stress-strain curves men- 
tioned above have been established from 
experimental data obtained under con- 
stant-stress-amplitude loading. The 
stress-strain curves for constant-strain- 
amplitude loading with a relative strain 
range A may be described by the same 
expressions (7) if the deformation is 
taken to be constant: 


é 


Comparison of theoretical and experi- 
mental curves of stress versus k under 
constant-strain-amplitude loading are 
plotted in Fig. 4 for different values of A 
and r, the deformation ratio (minimum 
strain divided by maximum strain). 
The parameter, a, of cyclic deforma- 
tion curves determines their change with 
number of cycles. In Fig. 5 are plotted 
schematically the combined curves of 
cyclic stress-strain curves for different 
numbers of half cycles when a > 0 and 
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a < 0. Also shown are lines for constant- 
stress and constant-strain cycling. 

Strengthening occurs when a > 0. 
Under constant-stress-amplitude loading 
the width of a hysteresis loop decreases 
from cycle to cycle, whereas the stress 
increases under constant-strain-ampli- 
tude loading. 

Softening occurs when a < 0. The 
width of the loop increases for stress 
cycling and the stress decreases for 
strain cycling. 

The value a > Ois typical of aluminum 
alloys; a < 0 for high-strength steels 
and a ~ 0 for carbon steels with a yield 
point. 

Stress-strain curves under cyclic load- 
ing can be made linear if the static stress- 
strain curve is approximated by two 
straight lines having a slope £ in the 
elastic region and a slope Ey in the 
work-hardening region. For the zero 
(initial) half cycle, 

a = (1—Gr)+Gra (& > 1) 
=, the modulus of strength- 
ening, and 6; and é; are the stresses 
and strains for the initial half cycle. The 
expression for the cyclic stress-strain 
curve in this case is: 

= 21 — g(k)] + 


where Gr = 


where g(k) = the modu- 


1 + A/2Grk*’ 
lus of cyclic strengthening, and S; and é; 
are the values of stresses and strains on 
the kth half cycle. Using the coordinates 
* = . where, as the 
first approximation, 5, = 2 and é = 2, 
in the case of cyclic deformation an equa- 
tion similar to that for deformation un- 
der single loading is obtained: 


*®) = 1 — glk) + glke*™ 


= 


(e* > 1) 
(e* < 1) 


The stress-strain ratio or plasticity 
function, ¢, under cyclic and static de- 
formation is similar: ead 


S*® — glk 
o” ) + g(k) 


a, 


The plasticity function can easily be 
determined when the single loading 
plasticity for the same amount of de- 
formation is known: 


— glk 
=1— 1 — g(k) (1 — 
G 7 
>i 
0.5) 400 
2 3 4 


Fic. 6.—Curves of the Plasticity Functions 
for Various Numbers of Half Cycles. 


In Fig. 6 curves are plotted for the 
plasticity function at different numbers 
of half cycles when Gr = 0.1, A = 1.5, 
and a = 0.5. 

When solving problems posed by 
plastic deformation of bars, plates, and 
shells using the hypothesis that plane 
sections remain plane, integral expres- 
sions for the plasticity function are used © 
(8): 


and 


[oar 
| 


a 


—(ol—w 


Twisting Moment,M 
a 


' 2 3 4 
Cyclic Deformation, 


Fic. 7.—Effect of Cyclic Deformation on Torque. 
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On the basis of this integral expression 
for the plasticity function, it is possible 
to express the force for some & half cycle 
in terms of the force under static loading 
for the same deformation: 


— Gr 
— Gr 


Q* = + 


1— 
where Q* is the load acting in cross-sec- 
tion and @ = e*, where e* is the defor- 
mation corresponding to this load. It is 
necessary to take into consideration that 
* = O* 

The problem of stress distribution in 
the case of cyclic elastoplastic deforma- 
tion can be solved, using either ¢, the 
integral expression of the plasticity func- 
tion mentioned above, or by solving as 


Qiim 


Fic. 8.—Dependence of Load on Deformation. 


where 7 is the relative height of the cross- 
section, and k, and & are the coefficients 
for the cross-sectional form. As cited 
above, for the function &, ¢” can be 
expressed in terms of the function ¢ 


for static loading: 


in static loading. This is shown in Fig. 
7 for the case of torsion of a circular bar, 
which shows the twisting moment as a 
function of deformation at Gr = 0.1, 
A = 1.5, anda = 0.5 for different num- 
bers & of half cycles. From these curves 


V4 
— 


j 


it is possible to calculate the values of 
deformation e* in a given half cycle for a 
given amplitude of acting force. After 
determining the deformation it is possi- 
ble to obtain the value of stress. This 
way of solving cyclic elastoplastic prob- 
lems is somewhat involved, as it is neces- 
sary to calculate the deformation in each 
half cycle. An approximate expression 
of the function may be stated, assuming 
linear strengthening and taking into ac- 
count the asymptotic properties of the 
curves showing the relation between the 
load Q and the deformation e. 

In the case of plasticity without 
strengthening Gr = 0, and for large 
deformations, the limiting load Qhim 
corresponding to the fully plastic state is 
reached. When the modulus of strength- 
ening Gr is other than zero, the value of 
the load corresponding to the deforma- 
tion é is (Fig. 8): 


Q= (1 — Gr) + 


When dealing with cyclic deformation on 
the Ath half cycle, the value of this load is 


Q*® = Orim [1 — g(k)] + 


According to this the deformation is 


*(k) Q* 1 — g(t) 

€ g(k) lim g(k) 
= Q + (Q Qiim) 


Taking into account the similarity of 
expressions for the limiting loads Qiim 
and the stress-strain curves and using 
geometric considerations, it is possible 
to establish the following relations: 


For loads: 

Q* Qiim Gr 2a 

For deformations: 

eo — om A 


= 
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Here é and Q are the deformation 
and the force corresponding to this de- 
formation for the initial (zero) half cycle. 

This expression gives precise values 
for large deformations and can be used 
as an approximation for any value of é. 
Similarly, the deformation, «*, in the 
kth half cycle under nonsymmetrical 
cyclic loading is as follows: 


— A 
“at 


For the problem of cyclic torsion of a 
circular bar the approximate values of 
Q*® can be calculated from the expres- 
sion given above. The corresponding 
results are plotted in Fig. 7 by dashed 
lines. 

The above equations give the cross- 
sectional deformation corresponding to 
the maximum elastic deformation for 
the given type of loading, and in this case 

and 
Other cross-sectional points may be 
represented by a more general expression: 


— €aclast A 
1—Gr 2k 


* 
= egelast + 


Here ¢*, ciast = @a clast is the amplitude 
of deformation in the given cross-sec- 
tional point in the case of elastic deforma- 
tion under loading Q, ; é is the de- 
formation in this cross-sectional point 
under single loading Q, . 

A similar expression can be obtained 
for the elastoplastic displacement: 


4. Acclast A 


A*® = 
Acelast + Gr ke 


The expressions for stresses S*, de- 
formations ¢«*, and displacements men- 


tioned above are for their values during 


one cycle. In general, values of accumu- 


= 
? 
~" 
4 
: 
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lated deformations after the kth half 

cycle are taken to be equal to: 


k 
=e +2 > ix 
k=1 J 
k 

+2 2, S*m(—1) 
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Here &* = the components of deforma- 
tion @,2, 2,,, and so on, and ¢“ = the 
components of stress Gz: , Gy, , and so on. 

Deformation in nonsymmetrical cyclic 


loading with constant stress amplitude 
equal to 


SERENSEN AND SHNEIDEROVITCH 


= (eo + — & elast) 


A 
+; tte) | + (—1) 
k 1)* 
The function (Rk, a) = 


be calculated beforehand. In Fig. 9 this 


- function is plotted as a function of the 


parameter a for different numbers of 
half cycles. The sum of the series 


converges to the function ¢ (a) connected 
with Riemann’s zeta function ¢ (a) by 
the relation 


ints 


ea) = 
This function can be approximately 


expressed by the following equation: 
t(a) = (0.5 — In 2)a — 0.5 


Similarly, displacements in some kth 
half cycles are equal to: 


= — + — Ae 


[1+ 4 


— 1—Gr 
these expressions, and A® are 
the deformations and displacements, 
respectively, in the initial half cycle at 
the maximum loading. 

After certain kth transformations, the 
value of stresses after the kth half cycle 
in the nonsymmetrical cycle under con- 
stant-stress-amplitude loading can be 
expressed by the following equation: 


where: 


| + (—1)*Acctast 


2 


T 


= the component of stress arising 
in the initial (zero) half cycle 
at the maximum load Qmaz , 
6, = the component of stress in the 


a® = 4% +255 a*(—1)* 
~ 4 
> 
Fy. 9.—Illustrating the Function é(k,a) = 
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Fic. 10.—Illustrating the Function n(k,a,a) = atk’ 


(c) a = 15. 


— 


is 


with: (a2) a = 5, (6) a = 10, and 
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initial half cycle under the 
eter ‘ok as action of the load Q, , and 

Ga elast = the component of stress if the 
deformation under the load Qa. 
were totally elastic. 


k k 

(—1) 
The function n(k,a,a) = 
can be calculated the 

A 


assigned constant values a and a = 2G, 


and the number of half cycles. The curves 
of » for a = 5, 10, and 15 are plotted in 
Fig. 10. When a > 0, the sum of the 


= 
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Fic. 11.—Intersections of Fatigue Curve and 
Stress Curves in a Machine Part. 


series > 


tion n(a,a), and the values of 7 can be 
approximately calculated from the equa- 
_— tion (for the whole values of a): 


to the func- 


(aja) = 


0.5 
a+i 


where the function é (a, 1) can be deter- 

mined from Fig. 10 for k = a anda = 1. 
above expressions of (k, a) and 
(k,a,a) make it possible to determine 
deformations é“ and stresses ¢™ after 
the &th half cycle as well as the residual 
_ _ values after unloading in any given half 


0.5 


jin 2 &(0,1)|) 
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cycle. These equations are based on data 
obtained by solving the problems of 
elastoplastic deformation under single 
loading. 


APPLICATIONS 


The above approach enables us to 
investigate the change in stress from 
cycle to cycle when testing specimens 
and machine parts. Under constant load- 
ing amplitude the situation is somewhere 
between stress cycling and strain cycling 
(Fig. 5). When a > 0 the stresses in the 
machine part increase from cycle to 
cycle, but somewhat more slowly than 
in the case of constant-strain-amplitude 
loading. When a < 0 the stresses de- 
crease, also somewhat more slowly than 
under constant-strain-amplitude loading. 

The low-cycle fatigue curve obtained 
under constant-stress-amplitude loading 
can be used for estimating the strength 
of a machine part. Plotting the stress 
acting in the machine part as a function 
of cycles on the fatigue curve enables us 
to estimate the number of cycles and the 
load at the time fatigue rupture occurs 
(Fig. 11, curves J and 1’). In this case it 
is assumed that the fatigue curve is not 
influenced by any continuous change of 
stress amplitude. The above results en- 
able us to compare data under both con- 
stant stress and constant strain ampli- 
tudes. 

Figure 11 illustrates the relative 
scheme. When testing a machine part 
under constant load amplitude, rupture 
(initiation of cracking) takes place when 
the number of cycles is equal to N’,. 
When testing under constant strain 
amplitude when a > 0, more rapid in- 
crease in stress from cycle to cycle occurs, 
and fatigue cracking begins earlier, when 
the number of cycles is NV’, < N’,. If 
a < 0, when testing a machine part under 
constant stress amplitude a decrease in 
stress from cycle to cycle takes place, 
and fatigue cracking begins when the 


\: 
| — 
{ 


number of cycles is equal to N”, > N’.. 
Under constant-strain-amplitude load- 
ing, the number of cycles necessary for 
fatigue rupture will be still more (V”, > 
N’,). When the hysteresis loop is stable 
(a = 0), the change of stress under 
cyclic loading does not take place. Condi- 
tions of testing a machine part under 
constant stress and constant strain 
amplitude, in this case, remain the same. 
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ANALYSIS OF AISI 4300 STEEL BY 
OPTICAL AND ELECTRON MICROSCOPY* 


By N. A. Trver! 


= 


ae 


SYNOPSIS 


A study is made of the modes of fracture for AISI 4340 steel. The fracture 
surfaces are examined by electron microscopy. The discontinuous nature of : 
fracture propagation is analyzed and two methods of observations are de- 

je - veloped for determining the direction of propagation: (1) the observation of 
- the concavity of the elongated domains on the shear fracture surface by 
hy electron microscopy, and (2) examination of the secondary crack orientation 


in the transverse fracture profile by optical microscopy. 


It is well known that sheet steel shows ment of shear lips. The portion of the 
two modes of fracture under the influ- thickness of a sheet occupied by these 
ence of an external tensile load: oblique _ shear lips is usually referred to as the per 
shear and transverse fracture. The cent shear. It is influenced to a large ex- 
oblique shear occurs along the slip planes tent by the testing temperature, thick- 
within individual crystals, and the gross _ ness of the sheet, composition, and heat 
plane of separation on a microscopic treatment (2, 3). 
scale is inclined at about 45 deg to the The purpose of this report is to exam- 
direction of the tensile load, being the _ ine in detail these fracture appearances in 
plane of maximum shear stress. The AISI 4340 steel and to develop a method 
transverse fracture follows the cubic for determining the direction of crack 
cleavage planes within individual crys- propagation. A clear understanding of 
tals, and the gross fracture plane is this problem is of great importance in the 
normal to the direction of the tensile Production of missile motor casings. 


load (1).? SHEAR FRACTURE 


The transverse mode of fracture is in A 
certain cases restricted by the develop- double slant-notch shear specimen failed 


* Presented at the Sixty-fourth Annual iM axial tension. Figure 1 shows such a 
Meeting of the Society, June 25-30, 1961. specimen and its mode of fracture for 


1 Research Scientist, Astropower Inc., a 
subsidi 4340 steel. The central area between the 


associated with Douglas Aircraft Co., Santa slots is under essentially a pure shear 
Monica, Calif. stress (4, 5). The electron micrographs of 


?The boldface numbers in parentheses 


paper. face in this area are included in the 
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figure. It will be noted that the fracture 
exhibits parabola-like lines or elongated 
domains with smooth surfaces and a 
number of more or less extended flat 
zones. If one looks on the two opposite 
faces of the fracture, it is observed that 
the concavity of the domains are turned 
‘in opposite directions on the opposite 


Surface A (26,000 


gressively distorted by local shear and 
finally rupture occurs along a glide plane 
(6, 7). 

This concept of the origin of elongated 
domains is supported by the observations 
that the parabola-like lines contain a 
dent or a crack nucleus near the apex 
formed by the pileup of dislocations and 


Surface B (26,000). 


Fic. 1.—Fracture of a Double Slant-Notch Shear Coupon of 4340 Steel. 
Electron micrographs are two-stage chromium shadowed carbon replicas of the fracture surfaces 


as indicated. 


faces, for each face viewed from above 
the concavity is oriented toward the 
direction of the relative displacement of 
the other half of the specimen. 

These parabola-like lines owe their 
visibility to the chromium shadow and 
excess carbon deposit resulting from the 
existence of sharp changes in level. They 
would be expected if microcracks are 
produced in advance of the main rupture 
front and then the microcrack is pro- 


that the interior is relatively smooth. 
Furthermore, the domains of an Armco 
iron specimen with relatively coarse — 
grains (Fig. 2) are considerably larger 
than those of 4340 steel with small 
(martensite) crystals (Fig. 1). 


TRANSVERSE FRACTURE 


A transverse fracture surface may ex- 
hibit chevron pattern, hackle marks, 
parallel ridges, or a fibrous structure. A — 
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(a) Fracture profile (X 1000). 
(b) Fracture surface replica (8000). 


Fic. 2.—Fractographs of a Double Slant-Notch Shear Specimen of Ingot Iron Failed in Axial 
Tension. 
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closer examination of the transverse 
fracture at a somewhat high magnifica- 
tion may show some microregions which 


803 
shear zones which reflect light away from 


the microscope eyepiece and appear less 
bright. 


(b) Transverse fracture zone; darkfield illumination (50). 
Fic. 3.—Fracture Surface of a 4340 Steel Cylinder. 


belong to a shear type of fracture. This 
is clearly seen in the fractures exhibiting 
parallel ridges (Fig. 3). The white streaks 
which appear at a moderate magnifica- 
tion under darkfield illumination are 
truly transverse fracture zones and the 
regions around the streaks are oblique 


The electron micrographs of replicas 
taken from a transverse fracture surface 
of 4340 steel also show domains, but 
generally they are equiaxed and their 
interior is comparatively rough (Fig. 
4 (c)). Some microregions of the fracture 
surface contain elongated domains and 
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(c) 18,000 


(6) 18,000. 
Fic. 4.—Electron Micrographs Illustrating the Appearance of the Transverse Fracture Surface 
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flat decohesion areas resulting from 
local shear (Fig. 4 (a) and (6)). 

The fracture surface of 4340 steel 
which is produced at a temperature of 
—320 F, considerably below the transi- 
tion point of steel, also shows the equi- 
axed domains as well as the micro- 
regions with elongated domains. The 
fracture surface of Armco iron, however, 
produced at low temperatures (—320 F) 
exhibits river patterns or cleavage steps 
(8) but no elongated domains. Certain 
flat zones seem to contain a network 
pattern which may be identified with 
subboundaries (Fig. 5). 

It has been shown by Tipper and 
others (9, 11) that in all transverse frac- 
tures where a pattern develops, the frac- 
ture is discontinuous and proceeds by 
the formation or initiation of numerous 
internal cracks and the material separat- 
ing them is broken down by secondary 
cleavage or by shear to propagate the 
main crack front. The observations pre- 
sented above give considerable support to 
this discontinuous theory of fracture 
propagation, not only in transverse 
modes of failure, but also in oblique 
shear. 


DIRECTION OF FRACTURE PROPAGATION 


The direction of fracture propagation 
in sheet steel generally is determined by 
means of chevron markings when the 
mode of fracture is of transverse type. 
The chevron pattern consists of a series 
of intermittent ridges running approxi- 
mately parallel with the sheet face in the 
center and curving toward the surface, 
since the plastic flow increases toward 
the surface with a correspondingly lower 
velocity of propagation. The apexes of 
chevron markings thus point back to the 
direction from which the fracture comes. 

Chevron markings are not always ob- 
served on transverse fractures, particu- 
larly on thin sheets where fracture oc- 
curs rapidly at a high tangential stress 
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and extensive shear lips are developed. 
Additional features are needed for de- 
termining the direction of crack propa- 
gation. Two methods are developed for 
this purpose: one is based on the fact 
that the concavity of the elongated 
domains seen in the electron micrographs 
is oriented toward the direction of the 
relative displacement of the other sur- 
face. The other method is based on the 
fact that individual or groups of sec- 
ondary cracks usually run from the sur- 
face at an angle facing toward the main 
direction of propagation and thus a di- 
rectional effect is conferred to the frac- 
ture profile. 

The domain observation technique by 
electron microscopy is applicable to 
oblique shear fracture surfaces only. The 
elongated domains observed in certain 
areas of the transverse fracture surface 
run in all directions and cannot be used 
to indicate the direction of crack propa- 
gation. 

A profile of the fracture face taken 
from a 4340 steel sheet showing chevron 
markings is shown in Fig. 6. The speci- 
men was cleaned in an alkaline cleaner 
and electroless nickel plated to a thick- 
ness of 0.015 to 0.020 in. by suspending 
it in a solution of nickel chloride, sodium 
hypophosphate, succinic and lactic acids 
adjusted to a pH of 6.5 and heated to 
200 F. It is then mounted in bakelite 
and etched with nital. It will be noted 
that the segments are lifted and the sec- 
ondary cracks run from the surface at an 
angle facing toward the main direction of 
crack propagation as judged by means of 
chevron markings. 

The fracture profile observation is a 
useful technique and can be used to de- 
termine the direction of crack propaga- 
tion in many transverse fractures where 
chevron markings are not present. 

Sometimes it is difficult to find sec- 
ondary cracks to evaluate the direction 
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(b) 4340 steel (26,000). 


(d) Ingot iron (8000) 
Fic. 5.—Fractographs at Liquid Nitrogen Temperature. 


(a) 4340 steel (X 26,000) 


© Ingot iron (8000). 
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Fracture surface 


(b) Profile of transverse zone showing secondary cracks and direction of fracture (250). 
Fic. 6.—Fracture Surface and Fracture Profile of 4340 Steel. 


of crack propagation and occasionally a__ by selecting a fracture area which con- 
single secondary crack may be found _ tains intermittent ridges running toward 
with propagation in the opposite direc- the sheet surface and exploring a suffi- 
tion to the main crack front. However, ciently large area of the fracture profile 
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it is often possible to detect the direction 
of crack propagation. 


SUMMARY AND CONCLUSIONS 


1. Evidence has been presented which 
supports the discontinuous theory of 
fracture propagation both in transverse 
and shear types of failure for AISI 4340 
steel. 

2. Two methods of observations have 
been described to supplement the visual 
observation of the fracture surfaces for 
determining the direction of crack propa- 
gation: 

(a) The examination of the elon- 
gated domains in oblique shear by 
electron micrography. The concavity 
of the domain is oriented toward the 
direction of the relative displacement 


of the other half of sheet and indicates 
the opposite direction of rupture. 

(6) The examination of the fracture 
profiles in transverse fractures by 
optical microscopy at about 150 X to 
250 X magnification. The secondary 
cracks appear to run from the surface 
at an angle facing toward the main 
direction of crack propagation and 
give a general directional effect to the 
profile. 


Acknowledgments: 


This paper is based on a research proj- 
ect conducted at the Douglas Aircraft 
Co., Santa Monica, on the fracturing be- 
havior of materials. The permission of 
the management to publish the results is 
gratefully acknowledged. 


REFERENCES 


(1) E. R. Parker, “Theory of Brittle Fracture 
and Criteria for Behavior at Low Tempera- 
tures,” Symposium on Effect of Tempera- 
ture on the Brittle Behavior of Metals, 
ASTM STP No. 158, Am. Soc. Testing 
Mats., p. 116 (1953). 

(2) T. E. Srawley and C. O. Beachem, “Crack 
Propagation Tests of High-Strength Sheet 
Steels Using Small Specimens,” Naval Re- 
search Laboratory Report 5127 (1958). 

(3) “Fracture Testing of High-Strength Sheet 
Materials,” Report of a Special ASTM 
Committee, ASTM Buttetin, No. 243, 
Jan., 1960, p. 29, and No. 244, Feb., 1960, 
p- 18. 

(4) W. W. Breindel, C. L. Seale, and R. L. 
Carlson, “Evaluation of a Single-Shear 
Specimen for Sheet Material,” Proceedings, 
Am. Soc. Testing Mats., Vol. 58, p. 862 
(1958). 

(5) C. S. Yen, “Stress Distribution in Single- 
Shear Sheet Specimens,” ASTM STP No. 
289, Am. Soc. Testing Mats., p. 15 (1960). 

(6) C. Crussard, “A Comparison of Ductile 


and Fatigue Fractures,” Proceedings, In- 
ternational Conference on Fracture, John 
Wiley and Sons, New York, N. Y., 1959, 
pp. 524-558. 

(7) H. Wakashima, “Electron Microscopic 
Study of Fractured Surfaces of Metals,” 
Second Japan Congress on Testing Ma- 
terials, 1959, pp. 83-86. 

(8) T. R. Low, “A Review of the Microstruc- 
tural Aspects of Cleavage Fracture,” Pro- 
ceedings, International Congress on Frac- 
ture, John Wiley and Sons, New York, 
N. Y., 1959, pp. 68-89. 

(9) C. F. Tipper, “A Study of Fracture Surface 
Markings,” Journal, Iron and Steel Insti- 
tute, Vol. 185, p. 4 (1957). 

(10) C. F. Tipper, “The Brittle Fracture of 
Metals at Atmospheric and Subzero Tem- 
peratures,” Metallurgical Reviews, Institute 
of Metals, Vol. 2, p. 195 (1957). 

(11) J. A. Kies, A. M. Sullivan, and G. R. Irwin, 
“Interpretation of Fracture Markings,” 
Journal of Applied Physics, Vol. 21. p. 716 


u 
a 
Sé 
W 
In 
G 
> R 
th 


STRAIN STRENGTHENING OF TYPE 304 STAINLESS STEEL* 


By WALTER HAMMER, Jr.,) LEONARD STEMANN,? AND E. E. WEISMANTEL® 


SYNOPSIS 


= 


A developmental program has been conducted to produce high-strength 


commercially available. Tensile cold-straining procedures have been used to 
obtain this strength improvement. Available alternative materials presented 
a fabrication problems that do not exist when nonheat-treatable 


_ materials are used. 


Sufficient tests have been performed to indicate that this process can achieve 
- 100,000-psi tensile yield strength required for the current program. This 
reat level could be raised with additional developmental effort. Judging by 
the results of tests performed in this program, the compressive yield strength is 
estimated to be approximately 70 per cent of the cold-strained tensile yield 
strength. Machining, forming, and welding experiments indicated that it is no 
more difficult to fabricate cold-strained austenitic bar materials than other 


austenitic materials now in use. 


In the past decade there has been a 
trend toward the use of high-strength 
and corrosion-resistant materials for 
designs in nuclear, rocket, and aerospace 
structures. 

The structural details of many of these 
units make considerable use of cold- 
worked materials. These high-strength 
alloys are utilized as parts of welded 
sandwich assemblies to achieve maxi- 
mum structural efficiency with minimum 
weight. A typical structure,‘ such as the 
one shown in Fig. 1, might use single 


* Presented at the Sixty-fourth Annual Meet- 
ing of the Society, June 25-30, 1961. 

1 Space Atomics Dept., The Budd Co., Phila., 

i Missiles and Space Vehicles Dept., The 
General Electric Co., Phila., Pa. 

Technical Division, The Beryllium Corp., 
Reading, Pa. 

‘Typical structure is defined as: typical of 
the construction and structural details necessary 
to meet design conditions of the specific structure 
used as an example herein. 


: = bar materials since cold-worked bars with uniform properties are not 
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corrugation sandwich panels with ap- 
proximately a 3-in. wall to wall dimen- 
sion and having skin sheets of half-hard 
type 301 stainless steel having a mini- 
mum yield strength of 110,000 psi. The 
corrugated core section is of one-quarter 
hard type 301 stainless steel. Minimum 
design yield strength for the core mate- 
rial is approximately 75,000 psi. Because 
almost all such structures will operate at 
elevated temperatures, the effect of 
increasing temperatures on the proper- 
ties of the materials must also be con- 
sidered. Typical design curves must be 
developed which predict the minimum 
strengths of these materials over a wide 
range of temperature up to the point 
where the rupture properties become the 
design criteria. Such a curve for mini- 
mum yield strength is shown in Fig. 2°* 


5 Data supplied by Allegheny Ludlum Steel 
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Fic. 2.—Minimum Yield Strength and 1000- 
hr Stress Rupture Versus Temperature for 18-8 
Stainless Steel. 


from which one may note that the 
strength, in all cases, drops significantly 
from the room-temperature value which 
is used for acceptance testing. The size of 
sandwich panel assemblies varies de- 


6 Air Force Technical Report No. 6517, Part 
2, “Determination of Properties of Sheet 
Materials at Elevated Temperatures.” 

7 Report on the Elevated Temperature 
Properties of Stainless Steel, Am. Soc. Testing 
Mats., ASTM STP No. 124 (1952). 

®The Budd Co., Design Data—Nuclear 
Engineering Department. 


Fic. 1.—Typical Welded Sandwich Construction Using High-Strength Alloys. 


pending upon the limitation of sheet 
sizes available for the fabrication. Where 
panel sections must be joined, they are 
welded to machined stainless steel join- 
ing bars in the manner illustrated in 
Fig. 3. 

These bars joining the sandwich panel 
sections were, at one time, designed to be 
fabricated from type 304 stainless steel. 
This was because the type 304 steel was 
readily compatible with type 301, and 
such weldments required no _ post- 
welding heat treatments. Since the 
joining bars were generally lightly 
loaded, initial design conditions would 
tolerate the properties of the annealed 
material. However, as design conditions 
changed, weight became more of a 
problem. Neither the strength of the 
sandwich material nor the properties of 
fusion weld joints limited structural 
design as much as did the joining bars 
made from commercially available mate- 
rial. Referring again to the series of 
design curves, one can see that types 301 
and 304 stainless steel when annealed 
have estimated minimum yield points at 
room temperature of approximately 
30,000 psi. Going on to elevated tem- 
peratures, this low value soon drops to 
12,000 psi at approximately 700 F which 
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is a temperature commonly encountered 
in designs using cold-worked alloys. 
Because of this, the use of cold-drawn 
bar stock might be considered. Cold- 
drawn type 302 stainless steel is avail- 
able in bars up to ? in. in diameter and 
can be obtained on special order with a 
minimum yield strength of 100,000 psi. 
Primarily because of the effect of welding 
heat on the material properties and 
because many of the joining bars used in 


Fic. 3.—Typical Weld Joint. 


such designs are of a size that would pre- 
clude the use of this 2-in. maximum, the 
use of this commercially available mate- 
rial is prohibited. We first approached 
several of the major steel producers to 
determine whether cold-rolled stainless 
steel could be procured on special order 
with the required yield strength for 
sizes up to 14 by 3 in. in section. After 
receiving negative replies to our in- 
quiries, we were forced to consider other 
alternatives. 

The use of other materials such as 
precipitation hardening or heat-treatable 
stainless steels must be considered, but 
such usage is limited by the relative 
thermal expansion coefficients of the 
mating materials and the resultant 
thermal stresses induced in the structure 
because of the expansion differences. 
The use of some of these alloys also 
requires postfabrication heat treatments 
which are not practical due to the size, 
geometry, and required tolerances of the 
structure and the properties of the cold- 
worked sheet alloys used in that design. 


On this program, the work-hardening 
obtained in the tensile straining of 
austenitic stainless steels was used to 
obtain the required properties on desired 
bar sizes. The strengthening of length- 
ened tension specimens to true stress 
levels was evaluated as a function of per 
cent strain, specimen geometry, specimen 
length, and subsequent aging. 

Machineability of strained bars and 
possible distortion in machining was also 


studied. The properties of weld joints 
in cold-worked austenitic steels were 
studied subsequent to the work under 
discussion. The extent of the heat- 
affected zone and related mechanical 
and metallurgical characteristics are 
described in a paper presented to the 
American Welding Society.® 


TEsTt PROCEDURE 


Phase I—Determination of Straining 
Characteristics of Type 304 Stainless 
Steel and the Effect of Specimen 
Geometry on the Straining Properties: 


Using standard 0.505-in. diameter 
tension specimens, it was possible to 
evaluate the uniformity of straining and 
the hardness properties across the speci- 
mens. Figure 4 is a plot of typical hard- 
ness values obtained through the center 
of failed tension specimens. Two speci- 


Stemann and E. E. Weismantel, ‘Weld 
Strength and Dimensional Stability of Cold 
Worked Stainless Steel,” Welding Journal Re- 
search Supplement, Oct., 1960. 
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of similar chemical analysis but having 
varying rolling histories resulted in data 
showing true stress as a function of total 
strain (Fig. 5). It is quite apparent that 
both chemical composition and material 


mens are shown to illustrate that the 
hardening in the unnecked areas is quite 
similar even though the ultimate strength 
varied considerably. The high hardness 
values obtained in the necked area are 


» True Stress, psi 
334 000 385 0.276 in. diam 
235 000 36 0.329 in. diam 

34 | 
335 
145 000 325 0.418 in. diom 
141 000 325 0.425 in. diam 
Ta) 137 500 30.5 -—— 0.430 in. diam 


0.45! in. diam 


135 500 
125 500 


Ultimate Tensile 


No.2 96 200 F 


Hardness Recorded in Rockwell C Scale 


63.000 0.305 in. diam 
164 000 0.386 in. diam 
149000 34. 0.405 in. diam | 
141000 345 355 345 0.416 in. diam 
137500 —+ 34 34 0.420 in. diam 
137500 —+ 335 34 0.420 in diam 
135500 —-+ 33 34 34 0.425 indiam 
7 134500 —+ 345 34 32 0.428 in. diam 
— 28 26.5 30 0.451 in. diam 
22.5 22 


= =< 
Hardness Recorded in Rockwell C Scole 
Fic. 4.—Hardness Survey of Section of Round Tension Specimen of Type 304 Stainless Steel. 


not useful data for this immediate pro- condition have vast effects on the work 


gram, but the uniformity of hardness and 
the strengthening of the unnecked area 
indicated that required design properties 
might be obtained by the procedures that 
will be discussed. 

In addition, initial studies on material 


hardening rates of these materials. Also 
the true stress carried by the unnecked 
bar materials differs markedly from the 
apparent stress calculated from the 
original cross-section. The chemical 
composition and starting condition for 


— 0.434 in. dian 
29 27 27 
5 22 22 20 
4 4 
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160 OOO Anneoled 
» True Stress 
= ? True Stress 
3 100 COO}- —-Apporent Stress 
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Fic. 5.—Comparison of True Stress and Ap- 


parent Stress asa Function of Per Cent Strain. 
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to 13 by 2} by 168 in. were strained at 
The Budd Co. and in the testing labora- 
tories of Swarthmore College. 

After each straining program was com- 
pleted, the properties of the cold-worked 
bars were evaluated in the longitudinal 
direction using standard round tension 
specimens cut from the test bars. 

Test Resulis—The evaluation of 
straining characteristics of stainless steel 
using true stress-strain curves of various 
heats and conditions revealed large 
variations in the amount of strain neces- 
sary to obtain the 100,000-psi minimum 
yield required for this project. This 
strain varied from 18 per cent to 40 
per cent as shown in Fig. 6. 

The effect of alloy ratios and prior 
processing history is illustrated by the 


TABLE I.—ANALYSIS OF MATERIAL USED FOR INITIAL COLD-STRAINING 


EXPERIMENTS. 
Strain Re- 
quired for 
Specimen a in. Chemical Composition, per cent a 100,000 nai 
Yield, per 
cent 

TEs Bbxens sas 1 by 1 carbon, 0.04; manganese, 0.96; phos- | cold 15 to 18 
phorus, 0.030; sulfur, 0.0040; silicon, finished 
0.60; nickel, 9.05; chromium, 

18.34 

Nos. 1 and 2...... 5% by 2 carbon, 0.05; manganese, 0.63; phos- | hot rolled 28 
phorus, 0.028; sulfur, 0.015; sili- and an- 
con, 0.44; nickel, 10.85; chromium, nealed 7% 
18.72 

3% by 2 carbon, 0.05; manganese, 1.24; phos- | hot rolled 
phorus, 0.025; sulfur, 0.019; sili- and an- tz %% 
con, 0.44; nickel, 9.40; chromium, nealed alt® 
18.09; molybdenum, 0.15; copper, > 
0.15 

14% by 24% | carbon, 0.041; manganese, 1.23; | hot rolled 35 
phosphorus, 0.019; sulfur, 0.011; and an- ‘Mc 
silicon, 0.60; chromium, 18.52; nealed a 
nickel, 9.26 


materials used in this program are shown 
in Table I. 

Bars were strained in the as-received 
condition both with and without reduced 
cross-sections to determine the most 
reliable configuration for uniform strain. 
Bars ranging in size from 1 by 1 by 34 in. 


large variations in straining charac- 
teristics. However, the lack of a sufficient 
number of different heats prevents an 
accurate compilation of data to define 
the principal reasons for the different 
straining characteristics in these mate- 
rials. Hardness studies performed on 
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Specimen 
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20000 — 
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Fic. 6.—True Stress as Affected by Strain in Type 304 Stainless Steels. 


sections from strained bars appear to be 
representative of relative work harden- 
ing of various strained bars although 
they are not exactly related to strength. 
Typical hardness surveys, before and 
after straining, are shown in Fig. 7. It is 
worth while to note that the hardness in 
the center of tensile strained bars be- 
comes slightly higher than that of the 
outer surfaces. This differs significantly 
from cold-rolled materials where the 
major hardening is on the outer surfaces. 
Since these bars are to be subjected to 
service at 700 F, it had been necessary 
also to evaluate a stress stabilizing 
treatment of 2 hr at 800 F to ensure 
dimensional stability. 
Stress stabilizing of the cold-strained 


material had little effect upon the yield 
or ultimate strength as compared to non- 
aged bars. The effect on ductility was 
somewhat variable, both slight increases 
and decreases occurring. Dimensional 
data taken before and after the thermal 
treatment indicated that the relaxation 
in length of aged specimens was as 
expected and ranged from 0.08 to 0.193 
per cent. This was of sufficient magnitude 
to require a post-straining stabilizing 
treatment for production parts. Stress- 
strain curves for typical strain hardened 
material are shown in Fig. 8. 


Phase II—Fabrication Study: 


Subsequent to the development of the 
required strength levels from these 
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Bor G Annealed (2/4 x Bor (34 xI%4) “a 
Yield Strength - 40 500 psi Yield Strength - 15 000 psi oe oan 
Hot Rolled ond Anneoled Strained 40 per cent 


Hot Rolled and Annealed 


_ Fic. 7.—Study of Hardness of Typical Bar Cross-Sections Before and After Cold Tension Strain- 
ing. 
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materials, a full-size quadrant repre- cross-sections were also machined to 
sentative of an actual joining bar appli- demonstrate machineability (Fig. 10), 
cation was machined from strain bars in and were used for tension testing with > 
a manner shown in Fig. 9. Full-size welded skins in another program. No 
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fabrication problems were detected in 
dimensional stability, machining, or 
welding, and the process was then 
adopted for use on a major engineering 
test structure. 


HAMMER, STEMANN, AND WEISMANTEL 


performed using the stress calculations 
rather than any prescribed total strain. 
(This true stress is in itself a proof load 
value which verifies the ability of the 


structure to achieve desired strengths.) 


Fic. 9.—Section of Full-Size Quadrant Fabricated to Demonstrate Machinability. Both sides 


shown. 


SUMMARY AND CONCLUSIONS 


; The results obtained on the foregoing 
program indicate the practicability of 
tensile straining type 304 stainless steel 
to obtain the desired properties in the 
bar material. On the basis of these tests, 
a 100,000-psi minimum room-tempera- 
ture yield strength seems readily ob- 
tainable. It is probable that, if neces- 
sary, significant additional increases in 
strength, over those obtained here, 
could be obtained with the procedures 
used on this program. 

The use of a true stress versus strain 
plot will facilitate straining operations 
and keep variations in straining charac- 
teristics to a minimum. Good uniformity 
of tensile properties was obtained in 
long bars (14 ft) and shorter bars, 
without necking or nonuniform yielding 
regardless of per cent strain. Because 
of variations in work hardening rates, 
tensile straining operations are best 


Fic. 10.—Full-Size Cross-Section Showing the Machined Geometry of Each Side. 


The specimen cross-sectional geom- 
etry (round or square) apparently did 
not have any detrimental effects on 
straining properties, probably because 
of the inherent high ductility of the 
material. 

Aging strained bars apparently has 
little value in increasing stress levels 
above those obtained by straining. 
However, the measured dimensional 
relaxation of prestrained specimens 
during an 800-F stabilizing treatment 
has indicated that such a treatment of 
strained bars is necessary to avoid the 
buildup of residual stresses in the design 
structure with accompanying dimensional 
instability. 

Beyond this dimensional instability 
no other problems were encountered, us- 
ing this material. Machining experi- 
ments including planer, shaper, saw- 
ing, lathe, and mill operations indicated 
that no problems abnormal to the 
machining of A-286, 19-9-DL, and other 
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stainless steel alloys should be expected. 
Formability of the material appears good 
since there is considerable ductility 
remaining after prestraining. Welding ex- 
periments have also been encouraging as 
long as the annealing effect of the 
weld is recognized and allowed for in 
design. 


Based upon the results of the foregoing 
test program, a process specification was 
prepared to cover the straining of bars 
for the production unit. Close engineering 
followup on this operation revealed that 
the process was reproducible in the 
production of massive strain-hardened 


bars. 


DISCUSSION 


Mr. F. R. Larson.'—The authors 
have presented an interesting practical 
application of an age-old method of in- 
creasing the strength of metals through 
the use of cold work. This method, most 
suitable for materials that have high 
work hardening rates and large ductili- 


x 
FRACTURE 


NECKING 


UNLOADING 


strength obtained for a given amount of 
strain hardening. However, it is un- 
fortunate that the authors did not carry 
this one step further and present the 
data in terms of true stress - natural 
strain. The primary advantage of this 
method is that the strains are now simply 
additive. Furthermore, from one true 
stress - natural strain curve it is possible 
to obtain the locus of yield strength as a 
function of strain and also the limit of 
uniform extension. 

Briefly, to obtain such information, 
continuous load and area measurements 
are made in a test specimen as it is pulled 
in tension. From the measurements, the 
true stress and natural strain are com- 
puted from the following well-known 
formulas: 


= Li 
p 
_ Fic. 11.—Typical True Stress, o,- Natural and 
Strain, «, Curve. 
Ao 
€p In — > 


ties, is becoming more and more wide- 
spread. 

It is apparent that the authors have 
recognized the advantages of considering 
their strength values in terms of true 
stress because it is computed from the 
instantaneous values of load and area 
and because it represents the new yield 


1 Chief, Mechanical Metallurgy Branch, 
Watertown Arsenal Laboratories, Watertown 
Arsenal, Watertown, Mass. 


where: 


o = true stress, 
L; = instantaneous load, to 
A; = instantaneous area, 


Ep natural plastic strain, and 
A, = original area. 

Figure 11 is a schematic diagram of a 
typical true stress - natural strain curve. 
If a specimen is strained to fracture the 
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¢ true stress - natural strain curve will be 
a continuous function. If, on the other 
hand, the straining should be interrupted 
at a prestrain of say A, the load removed 
to zero, and then reloaded to continue the 
straining, yielding would occur when the 
specimen had reached approximately the 
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Of great concern in tensile type de- 
formation for cold working is the limit of 
uniform extension. This can be deter- 
mined fairly accurately from the true 
stress - natural strain method since 


o = Sie" 


i 


0.16 0.20 


true stress that was on the bar prior to 
unloading. So it can easily be seen from 
this that the true stress-strain of the 
authors and the true stress - natural 
strain curves are actually the locus of 
yield as a function of strain. The ad- 
vantages of the true stress - natural 
strain method are clearly evident since 
it requires only one specimen to obtain 
the entire curve. 


Measured Total Tensile Strain, 
(Elastic plus Plastic under Straining Load) 


0.30 0.50 


‘Fic. 12.—Relationship Between Observed Tensile Strain and Calculated Natural Plastic Strain 
for Tensile Strained Hot Rolled - Annealed Stainless Bars. Representing four bars. 


where S; = strength coefficient and n = 
strain hardening exponent = uniform 
strain. 

A simple log-log plot of o versus ¢ 
where a measurement of the slope of this 
plot is made will predict the approximate 
amount of uniform natural strain which, 
of course, can be converted to extension. 

Messrs. WALTER HAMMER, JR., LEON- 
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ARD STEMANN, AND E. E. WEISMANTEL 
(authors’ closure by letter) —The validity 
of Mr. Larson’s comments regarding the 
relationship between apparent stress, 
true stress, tensile and natural strain is 
acknowledged. Actually in the reported 
development program the change in area 
with increasing loads was continually 
monitored including the calculation of 
strain along with the tabulation of ob- 
served strain. As we had indicated in 
this paper, this method is considered 
most positive in achieving tensile 
strained bar of any predetermined mini- 
mum strength. The true stress - tensile 
strain data have been plotted in the 
illustrative diagrams to present a com- 
parison with commonly recognized ap- 
parent strain data. 

In the light of Mr. Larson’s comments, 
we have presented an additional plot 
showing the values of calculated natural 
strain as they are related to the observed 
(apparent) tensile strain (Fig. 12). For the 
degree of strain studied in this program, 
the calculated values approximate the 
observed strains with reasonable toler- 
ance. It is because of this close approxi- 
mation that we prefer to offer our data 
in terms of observed strain. 

From this it is evident that the natural 
strain - measured total strain plot does 
not appear to intercept zero. In addition, 
it appears that the slope of the measured 
curve deviates from the plot of « = e. 
The actual reasons for this behavior can- 
not be reliably determined. Since all area 
and strain measurements were made 
while the system was under load, the 
observed strain includes an amount of 
elastic strain which was dependent upon 
the load associated with the degree of 
strain recorded. In addition, it must be 
recognized that the strengthening re- 
ported here was influenced by other 
factors which probably affected the 
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variability of straining data from heat to 
heat of steel, as well as the intercept and 
slope of the natural plastic strain - total 
tensile strain plot. Primary strengthening 
was most accomplished through strain 
hardening common to all single-phase 
systems. However, since these steels are 
to some degree metastable austenite, it 
is expected that some minor transfor- 
mation of austenite to martensite would 
be associated with the deformations used 
for these studies. The degree to which 
this occurred is not known since no 
such evaluation was made during 
the program, but such transformation 
would be expected to cause divergence 
from purely single-phase behavior. 

Referring to Mr. Larson’s Fig. 11, 
it should be pointed out that all tensile 
straining was carried on below the inci- 
dence of necking and sectional measure- 
ments were made throughout the length 
of the specimen to insure the uniformity 
of strain. 

In accordance with Mr. Larson’s sug- 
gestion, simple log-log plots can be 
prepared of stress versus natural strain 
data for the information available on 
these materials. The resultant slopes of 
these plots range from 0.25 to 0.40. This 
would indicate that the straining was ap- 
proaching the limit allowable for uniform 
strain at the extremes evaluated on this 
program. It is not known at this time 
whether this was actually the case since 
no further testing was performed with 
greater strains because the objectives of 
the program were already exceeded. 
However, since more than a dozen large 
bars (14 ft long by 1} in. by 3 in. in 
section) were subsequently strained in 
this manner with no difficulty with re- 
gard to necking, one would assume that 
some additional plastic strain could be 
tolerated before nonuniform strain con- 
ditions would be encountered. 
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strength with increasing oxygen. 


: in an improvement. 


The main use for Zircaloy 2 is in the 
reaction chambers of water-cooled nu- 
clear reactors where it operates at about 
600 F. Tensile properties at this tem- 
perature are thus of importance from 
an engineering design standpoint. The 
present paper summarizes a survey of 
tensile properties of the alloy at 600 F 
in various mill product forms frequently 
required by nuclear core manufacturers. 

Most of the tests were conducted 
d under the test conditions outlined by 
7 the Navy as acceptance tests for Zirca- 
loy 2 in their nuclear propulsion pro- 
gram.? Some additional tests were per- 


* Presented at the Sixty-fourth Annual 
Meeting of the Society, June 25-30, 1961. 

1Senior Research Metallurgist, Research 
> Center, Allegheny Ludlum Steel Corp., Pitts- 
burgh, Pa. 

2U. S. Navy Specification MIL-Z-19859A 
(1959). 


—~ 


uy SOME EFFECTS OF SECTION SIZE AND TESTING CONDITION 
ut ON TENSILE PROPERTIES OF ZIRCALOY 2 AT 600 F* 
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SYNOPSIS 


A survey has been made of tensile properties at 600 F of annealed Zircaloy 2 
in a number of mill product forms. Properties varied over quite a wide range. 
4 Some of the variations can be attributed to differing degrees of directionality 
a developed in processing. In hot-rolled strip, transverse specimens had lower 

L tensile strengths, higher yield strengths, and greater ductility than longitudinal 
< specimens, Other products showed corresponding effects depending on process 
« Sie history. Vacuum annealing, as opposed to air annealing, caused a deterioration 
in tensile strength. Correlation of properties with oxygen impurity was gen- > 
erally poor although in hot-rolled strip there was a trend toward higher yield —_— 


; yi The effects of changes in tensile test procedure on measured properties have iu 
. been determined. Yield and possibly tensile strengths appear to be dependent __ 
wer oa the type of specimens used. Flat specimens generally give higher values than - 
_____ round specimens while machining of flat specimens to thinner gages also results 


formed to determine the effects of 
changes in test procedure on measured 
properties. 


TEstT PROCEDURE 


Testing stock was from fourteen 
1000-lb heats and was in the form of hot- 
rolled strip, sheet and rod, forged sec- 
tions, and cold-rolled strip. With one 
exception, composition was within the 
limits set up by the Navy for reactor 
grade material (Table I). The exception 
(heat 9YA043) was, at 366 ppm, 
slightly high in carbon content and 
contained some free carbide particles 
in its microstructure. As presence of 
this phase in small amounts has little 
effect on tensile properties,’ data on this 


3B. Lustman and F. Kerze, ‘Metallurgy of 
Zirconium,” McGraw-Hill Book Co., Inc., 
New York, N. Y., 1955, p. 498. 
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heat have been retained as valid. Oxygen 
is an inevitable impurity in zirconium 
and in commercial materials is present 
in amounts in excess of 1000 ppm. Its 


TABLE I.—COMPOSITION AND TEN- 
SILE REQUIREMENTS FOR ZIRCALOY 2 


FOR NAVAL REACTORS PER MIL-Z- 
19859A (1959). 
Major Elements: 

Element Per cent by Weight 


Sum of iron, nickel, and chromium 
contents must fall within the range 
0.18 to 0.38 per cent 


Maximum Impurity Content: 

Element ppm Element ppm 
Aluminum.... 75 Magnesium.. 20 
ee 0.5 | Manganese 50 
Cadmium..... 0.5 | Nitrogen. 80 
Carbon....... 270 Silicon. ..... 120 
a 20 Sodium..... 20 
Copper....... 50 Titanium 50 
Hafnium 200 Tungsten 100 
Hydrogen 25 Uranium 

(total) . 3.5 
ee 130 Uranium- 
0.025 


Tensile Properties at 600 F: 


Elonga- 
Tensil Yield 
Direction Strength, | Strength, | {ion in 2 
min, psi | min, psi per out 
Longitudinal. .... 31 000 | 15 000 24 
Transverse.......| 29 000 | 18 400 35 


effect on nuclear and corrosion proper- 
ties of Zircaloy 2 is minor, and it is one 
of the few impurity elements not rigidly 
controlled by the alloy specification. 
Oxygen is a potent strengthener at 
room temperature, but as the tempera- 
ture is raised, strengthening becomes 
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progressively less marked.‘ In the pres- 
ent materials oxygen levels were 1250 
to 1600 ppm as detailed in Table II. 
Heats were vacuum melted twice in a 
consumable electrode arc furnace, and 
the resultant 12-in. diameter ingots were 
forged from 1750 to 1850 F to a size 
suitable for further processing. The 
forging temperature was lowered to 
about 1700 F after initial breakdown. 
Some of the stock required in heavy 
sections was fabricated to final form 


TABLE II.—OXYGEN CONTENTS. 


Oxygen Con- 
Heat tent, ppm 
1380 
1490 
1300 
1400 
1410 
1330 


entirely by hot forging. For hot rolling, 
billets were preheated to 1550 F except 
in the hand hot rolling of large sheets 
where rolling was from 1300 F. In 
producing large sheets, forged sheet 
bars were initially cross-rolled to in- 
crease their width. All the hot-worked 
products tested were production items. 
The cold-rolled strip was fabricated on a 
smaller laboratory scale, starting with 
two 3-ft lengths of hot-rolled 4 in. 
wide strip. One of these was of the nickel- 
free Zircaloy 2 composition (often re- 
ferred to as Zircaloy 4) and was 0.135 
in. thick. The second piece was stand- 
ard Zircaloy 2 and of 0.150-in. thickness. 
The strips were cold rolled to 0.050 in. 
thick in stages with intermediate an- 


*R. M. Treco, in ASM Symposium on 
Zirconium and | Zirconium Alloys, March, 1953, 


p. 254. 


i} 
! 
| 
1% 


neals at 1550 F in either air or vacuum. 
Final annealing was in vacuum at 
1550 F. Tensile properties were deter- 
mined at each reduction stage. 
Before testing, all material was an- 
nealed at 1550 F for 20 to 30 min. As 
noted above, some of the cold-rolled 
material was annealed in vacuum; 
most treatments were in air. Surfaces 
were conditioned after air annealing by 
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and sheet products, involves an ex- 
cessive amount of machine shop work, 
and tests using two more conveniently 
machined specimens were run for com- 
parison. Dimensions of one of these, a 
flat-type specimen with no gage thick- 
ness reduction, are included in Fig. 1. 
The other was a standard round test 
piece of 1-in. gage length and 0.252-in. 
diameter. For testing strip specimens 


Cc 
A 
-T2 
oe: Fic. 1.—Tension Test Specimens. 

Specimen (a)* Specimen (b) 
1 in. 1g in 
T, Thickness in gage 0.050 in. (T;) as-rolled (T2) 


@ As required in Navy Specification MIL-Z-19859A (Ships). 


sandblasting and pickling in a hydro- 
fluoric-nitric acid solution. 

Tension testing procedures were as 
recommended in ASTM Recommended 
Practice E 21,5 most of the tests being 
also in accordance with the more rigid 
requirements of the Navy specification 
for reactor grade Zircaloy 2.2 The 
latter specification stipulates a flat-type 
specimen with a reduced gage thickness 
of 0.050 in., as shown in Fig. 1. Prepara- 
tion of this specimen, even from strip 


5 Recommended Practice for Short-Time 
Elevated Temperature Tension Tests of Ma- 
terials (E21-58T), 1958 Book of ASTM 
Standards, Part 3. 


in a transverse direction and for all 
tests on thin gage material, tabs were 
welded to the ends of test blanks to give 
correct specimen length and/or correct 
thickness at the grips. Strain rate, as 
measured by ram pacing, was 0.05 per 
min throughout the test except in a few 
special tests. The tests were conducted 
on a Baldwin Universal testing machine 
with a 120,000-Ib load capacity. 


Test RESULTS 


Tensile properties of a range of prod- 
ucts are listed in Tables III to V. Most 
of these tests were in duplicate and mean 
values have been quoted. Properties 
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varied over quite a wide range. In the 
longitudinal direction, for example, 
tensile strengths were from 29,960 to 
43,270 psi, yield strengths between 
17,210 and 27,080 psi, and elongation 
values from 25 to 43 per cent. Most 
of the products met the minimum re- 
quirements for Naval reactor use (Table 
‘I), the only important exception being 
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to have higher longitudinal yield strength 
values than the rolled products (Table 
IV), indicating the smaller degree of 
directionality developed by forging as 
compared with rolling. 

In the cold-rolling experiments use of a 
vacuum anneal caused a falling off in 
properties compared with air annealing. 
Longitudinal tensile and yield strengths 


TABLE III.—TENSILE PROPERTIES AT 600 F OF HOT-ROLLED ZIRCALOY 2 STRIP 
AND SHEET (ANNEALED AT 1550 F). 


Longitudinal Properties 


Transverse Properties 
Heat El Redi El Red 
(0.2 per (0.2 per tion in tion of 
cent ° 2 in., ea, cent trength, 2 in., Area, 
Offset), = per cent | percent | Offset) = per cent | per cent 
| psi psi 
Hot-Rouiep Srrip (8 Wipe sy 0.187 TxIck) 
18 940 | 35 300 31 58 
SSS 19 060 | 35 000 33 58 am 
SR es 19 410 | 36 720 35 59 ac 
ere 18 220 | 36 080 32 59 wate 
Er 19 500 | 36 270 28 59 ote 
19 270 | 36 120 30 58 
17 210 | 35 080 32 60 
ENE 20 130 | 43 270 34 49 28 240 | 38 330 39 67 _ 
19 890 | 40 010 29 44 30 450 | 39 340 38 64 
Hot-Ro.iep (96 To 100 1n. Lona sy 40 1n. Wipe By 0.187 
| re 21 490 | 32 630 40 66 23 330 | 32 900 39 68 
2 21 640 | 33 040 41 67 24 050 | 32 550 41 68 


cold-rolled and vacuum-annealed strip 
which had marginal tensile strength. 
In the strip products, directionality was 
well marked, transverse specimens hav- 
ing lower tensile strengths, higher yield 
strengths, and greater ductility than 
longitudinal specimens (Tables III, 
V, VI). Cold rolling as opposed to hot 
rolling of the strip did not greatly in- 
tensify the differences in transverse and 
longitudinal properties. The hot-rolled 
sheet had less directionality than the 
strip (Table III), probably due to the 
cross-rolling operations applied during 
its manufacture. Heavy forgings tended 


were affected to the greatest extent. On 
vacuum annealing 0.090-in. gage Zirca- 
loy 4, for example, there was a 3000- 
to 5000-psi drop in longitudinal yield 
and tensile strengths compared with 
the same material air annealed. There 
was no corresponding change in room- 
temperature hardness. Hydrogen con- 
tents were checked to establish the 
amount removed during the vacuum 
anneal. The difference between air- 
annealed and vacuum-annealed material 
was only 6 ppm, hardly enough to ex- 
plain the observed changes in properties. 
A difference in duration of the vacuum 
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TABLE IV.—TENSILE PROPERTIES AT 600F IN LONGITUDINAL DIRECTION OF 
HOT-ROLLED BARS AND OF FORGED ZIRCALOY 2 (ANNEALED AT 1550 F). 


Flat Tension Specimen® Round Tension Specimen* 
Cross-Sectional | 48 38 | | #8 | 38 
Sie,in, =| | | de | | 8821 | gs | es 
as | $2 | | | 3¢ 
sing 238 | | | 32 | $38 | | | 32 
Hot-Rolled 
Products: 
it. ee 214 diam 20 290) 37 410) 32 58 17 770) 36 680) 30 56 
3.35 diam 21 690) 34 890) 30 54 wee 
8YA045........ 2% diam 20 560) 31 200) 33 63 : 
Forged Products: 
te 7 by 534 22 800) 32 780) 32 49 23 140) 32 090) 35 62 
ee 7 by 534 25 640) 35 810) 34 52 22 085) 33 200) 33 60 
8YA045........ 45% square 27 36 055; 28 62 
i ee 20 by 2 21 710) 33 690) 31 50 | 20 940) 32 360) 35 59 
9YA043°....... 30 by 2 25 730) 35 220) 32 44 25 050) 33 170} 36 62 
* Flat specimen was as shown in Fig. 1(a); round specimen was of 1-in. gage length and 0.252 in. 
diameter. 
> These specimens were tested in transverse direction. 
TABLE V.—TENSILE PROPERTIES AT 600 F OF COLD-ROLLED STRIP. 
at Longitudinal Transverse 
Thickness, in. | 38 | Z| | 38 
time,| 282) | $8 | | 882] | | 
| Gs | | | | 82 | 
£35 | Sa | | Be | $36 | Sa | 8x | BK 
ZiRcaALoy 2 
Saree air 20 | 21 400) 39 840) 25 43 | 26 280) 35 900) 38 65 
ETE air 20 22 930) 43 060) 28 55 24 750) 36 350) 39 66 
Desc ccccese vacuum 30 19 940) 39 100) 29 50 24 270) 33 420) 40 70 
Ce vacuum 30 | 22 500) 35 130) 32 55 24 350) 32 200) 38 63 
___SRREeN vacuum 30 21 870) 33 960) 36 60 24 590) 30 810) 41 68 
NickeEL-FREE 2 4) 
SS errs air 20 18 770) 35 740) 33 53 25 32 820; 40 64 
Sf rere air 20 21 670) 37 380) 32 55 23 340) 32 660) 40 64 
| ere air 20 23 100) 37 600) 34 58 22 920) 32 670) 39 65 
ree vacuum 30 19 140) 32 410) 28 65 21 620) 29 960) 42 65 
vacuum 30 21 990) 32 060) 38 64 23 470) 29 640) 42 69 
vacuum 30 21 080) 29 960) 43 71 22 400) 28 46 72 


@ Annealed in air at 0.090 in. thickness. 


> Annealed in vacuum at 0.090 in. thickness. 


anneal compared with air anneal of 
cold-rolled strip may have been par- 
tially responsible for the falling off in 
properties. Although nominal annealing 
times were not greatly different, the 
actual time the charge was held in a 
temperature range where softening could 
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or to annealing conditions there was 
still a considerable spread in properties 
even in material of similar process his- 
tory. Correlation of the differences with 
oxygen impurity content was poor. In 
the heats of hot-rolled strip, which had 
nominally identical history, there ap- 
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take place was longer in the case of 
vacuum annealing because of the neces- 
sity of charging into cold furnaces and 
for furnace cooling before removal. 
This explanation does not, however, 
account for the greater effect of the 
vacuum anneal on longitudinal than 
on transverse properties. 

Aside from the property changes at- 
tributable to differences in directionality 


Oxygen impurity, ppm 
Fic. 2.—Longitudinal Ultimate and Yield Stress at 600 F of Hot-Rolled and Annealed Strip as 


1500 


peared to be a trend toward higher yield 
strength values with increasing oxygen 
content. Tensile strengths were, how- t 
ever, erratic. These data are plotted in 
Fig. 2. 

Typical microstructures in the an- 
nealed condition of a heavy forging 
and of thin cold-rolled strip are shown 
in Figs. 3 and 4. These two micrographs 
represent the two extremes of structures 


| 


Fic. 3.—Microstructure of Heavy Sectioned Forging, 7 by 5}-in. Section saved at 
and Etched in Hydrofluoric-Nitric Acid Solution (150). 


Fic. 4.—Microstructure of Cold-Rolled and Vacuum-Annealed Strip 0.05 in. Thick Annealed 
at 1550 F and Etched in Hydrofluoric-Nitric Acid Solution (150). 
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observed. Hot-rolled sheet and bar 
products had structures intermediate 
between these, depending on the amount 
of work imposed in processing. ASTM 
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strip had ASTM grain size 7 to 8. 
Cold-rolled and vacuum-annealed strip 
had very slightly larger grain size than 
equivalent material annealed in air. 


TABLE VI.—COMPARISON OF 600-F TENSILE PROPERTIES USING TWO TYPES OF 
FLAT TEST SPECIMENS (ANNEALED AT 1550 F). 


Specimen Type 1 (a)* 


Specimen Type 1 (5)* 


Yield Tensile Elongation | Reduction Yield Tensile Elongation | Reduction 
Strength, Strength, in 2 in., of Area, Strength, Ss ‘ in 2 in., of Area, 
psi psi per cent per cent psi ps per cent per cent 
22 790 34 320 40 62 18 590 31 430 36 68 
22 550 34 040 43 62 19 050 32 330 38 68 


* Specimen 1(a@), gage length 2 in., gage width 1 in., gage thickness 0.05 in.; specimen 1(b), gage 
length 2 in., gage width 0.5 in., gage thickness as rolled (0.187 in.). Specimens were from adjacent 


positions in 0.187 in. thick strip. 


TABLE VII.—EFFECT OF TEST SPECIMEN FORM AND STRAIN RATE ON TENSILE 
PROPERTIES OF ZIRCALOY 2 STRIP. 


Material: Hot-Rolled and Annealed 0.187-in. Thick Strip (Heat 8YA032). 
All Specimens Longitudinal. 


: : Strain Rate 0.05 per min | Strain Rate 0.05 per min 
Tension Strain Rate 0.05 
. Specimen min Throughout Test | then | to Vield Strength then 
ge | $2 22 358 | 22 
0.187|17 860/35 520) 31) 57|17 000/36 180) 56/17 38 240) 31| 64 
600 0.175/18 610/37 000) 29| 58)17 840/36 550) 32) 66/17 940/38 210) 28) 63 
0.100)18 070/34 870) 30) 62/17 710/35 330) 27) 56/17 030\38 090 28| 56 
0.050)19 030\35 730) 34) 53/18 210/36 340) 31) 51/19 910/37 830) 28) 54 
0.187|15 540) ...|13 850) 16 360) Peis 
600 1 0.17517 940) |...)...}15 950) |.../.../14 410) ° |... 
0.100)19 000\35 550) 34) 47/15 370/36 090) 34) 53/19 230/38 720) 34) 55 
— 750|34 340) 32) 52/17 830/35 150) 34) 55/17 930/36 630) 31) 50 
R t ‘ 0.187/49 210)77 430) 23) 37/49 370/77 200) 22) 3549 590/78 140) 21) 36 
‘ure. 9.6/| 0-175|49 530\77 250) 23) 3650 200'77 120) 21) 35,51 060/78 570, 20, 42 
0.100/49 950/77 420) 29) 35.50 700|77 560; 21) 36.50 450/77 500) 19) 38 
0.050)53 170,78 530) 11) 3252 330;79 980) 19 4151 399/78 970) 17; 31 


@ Failed in grips. 


Tensile and yield strength values 
determined from round tension specimens 
were usually slightly lower than those 
obtained from the flat specimens speci- 
fied by the Navy. Similarly, in compara- 
tive tests using both the flat specimens 
described in Fig. 1 the Navy specimen 


grain size was about 4 in the heavy 
forgings but with localized regions of 
much smaller grain size. Further hot or 
cold working resulted in progressive 
grain refinement so that hot-rolled and 
annealed strip had ASTM grain size 
6 to 7 while cold rolled and annealed 


“6 


gave higher tensile and yield strength 
(Table VI). Further data on this effect 
were obtained in tests on longitudinal 
specimens from hot-rolled 0.187 in. 
thick strip using specimens based on 
those shown in Fig. 1. The gage of both 
types of test specimens was varied, by 
machining, to thicknesses between 0.05 
in. and the as-rolled thickness of 0.187 
in. Data were also obtained on the re- 
sults of increasing the strain rate after 
the yield stress, as is a frequent practice 
in many laboratories. Room-tempera- 
ture in addition to 600-F properties 
were determined for comparison in one 
group of tests. Results, detailed in Table 
VII, showed a considerable scatter, 
but again suggested that yield strength 
values were related to gage thickness. 
In each group of tests where gage 
thickness alone was varied, the 0.05 in. 
thick specimens had higher yield 
strengths than the 0.187-in. gage thick 
specimens. The difference was 1000 to 
2000 psi at 600 F and 2000 to 4000 psi 
at room temperature. The effect ap- 
peared to be due partly to the removal 
of the sandblasted and pickled surface 
of the starting strip, there generally 
being a significant increase in yield 
strength on machining only 0.006 in. 
from each side of the original strip. 
There was nevertheless a further im- 
provement on machining to 0.05-in. 
thickness which could not be attributed 
to surface condition. Tensile strengths 
were less affected by variations in gage 
thickness in this series than in the pre- 
vious tests. An apparent relationship 
between gage width and tensile proper- 
ties was not confirmed in check tests. 
As expected, the increase in strain rate 
after the yield stress was reached caused 
an increase in measured tensile strength. 
Ultimate stress at 600 F increased by 
2000 to 3000 psi on increasing the strain 
from 0.05 to 0.25 per min. Ductility 
did not appear to be affected systemati- 


-— AMES ON TENSILE PROPERTIES OF ZIRCALOY 2 AT 600 F 


cally by any of these variations in test 
procedure. 

Many investigators have examined 
the effects of test specimen configuration 
on tensile properties of the more com- 
mon engineering alloys. The information 
accumulated has been collected and 
summarized in a recent review.® The 
conclusion drawn was that ductility 
was the only property likely to be af- 
fected by changes in test piece cross- 
section. Thus, the indication in the 
present work that the strength proper- 
ties of Zircaloy 2 are affected by the 
type of specimen used must be regarded 
as unusual. It is felt that more tests, 
preferably in such numbers as would al- 
low some form of statistical analysis, 
are desirable to confirm and study this 
relationship. Some work of this nature 
has been recently published by Goodwin 
and Shubert.’ They examined 600-F 
properties obtained with flat and round 
specimens. They report no effect of speci- 
men form on the ultimate strength 
but mention that in the case of yield 
strength values “there was a significant 
influence of type of sample for longitu- 
dinal specimens.” 


CONCLUSIONS 


1. Tensile properties of annealed 
Zircaloy 2 in different mill product forms 
vary over a considerable range. Some 
of these variations can be attributed to 
differing degrees of directionality de- 
veloped in fabricating to the various 
final forms. Transverse specimens have 
lower tensile strengths, higher yield 
strengths, and greater ductility than 
longitudinal specimens. The magnitude 
of the difference depends on the amount 
of directional work imposed but appears 

*A. Rudnick and R. L. Carson, Defense 
Metals Information Center Memo No. 5, Jan., 
195. G. Goodwin and F. L. Shubert, “Zir- 


conium Highlights,’”’ Bettis Atomic Power 
Laboratory, WAPD-ZH-26, Oct., 1960, p. 1. 
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to reach a limit after which increasing 
work has only minor effect. Cold rolling 
of previously hot-rolled strip, for ex- 
ample, does not aggravate the direc- 
tionality effects in the annealed condi- 
tion. 

2. Vacuum annealing, as opposed to 

air annealing, caused a deterioration 
in strength properties, particularly the 
ultimate strength. The reason for this 
was not established. 
k 3. Apart from the above effects, 
there was still quite a wide spread in 
properties even in materials of similar 
process history. Correlation of properties 
with oxygen content was poor. Yield 
strength values of hot-rolled strip 
showed a rough trend toward higher 
values with increasing oxygen but other- 
wise no systematic variation of proper- 
ties with oxygen level was observed. 

4. Yield and possible tensile strengths 
of Zircaloy 2 at 600 F appear to be de- 
pendent on the type of tension specimen 
used. Flat specimens give higher values 
than round specimens while reduction, 


DIscUSSION ON TENSILE PROPERTIES OF ZIRCALOY 2 aT 600 F 


829 


by machining, of the thickness of flat 
specimens also results in an improve- 
ment. Thus specimens of the type used 
for the Navy acceptance test generally 
give better properties than do round or 
as-rolled thickness flat specimens. It 
may be noted in this connection that 
ASTM Recommended Practice E 21 
suggests use of tension specimens of 
circular cross-section wherever feasible 
for elevated temperature tests. On the 
basis of the present work material meet- 
ing the Navy tensile property require- 
ments when tested using round tension 
specimens would more than meet these 
requirements when using the flat speci- 
men stipulated by the Navy for all 
product forms. 

5. Almost all the properties obtained 
in the present survey met the minimum 
requirements for Naval reactor applica- 
tion irrespective of product form or of 
tension testing conditions. The only 
important exception was the cold- 
rolled and vacuum-annealed strip which 


had marginal tensile strength. _ 


le 
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DISCUSSION 


Mr. J. H. ScHEMEL! (presented in writ- 
ten form).—Mr. Ames has made an inter- 
esting contribution to a rather neglected 
subject of vital interest to those engaged 
in the manufacture and use of Zircaloy 
wrought products. As Mr. Ames has 
pointed out, the Navy specification for 
Zircaloy wrought products makes no al- 
lowance for the class of product pro- 
duced. For example, 7-in. square forged 
bar must meet the same requirements as 
cold-rolled strip. In addition, the Navy 
specifies the tension test specimen illus- 
trated in Mr. Ames’ paper as (a) of Fig. 
1. This specimen is commonly called the 


1Senior Research Engineer, Carborundum 
Metals Co., Akron, N. Y. 


“H-1” and must be used for all products 
tested. 

The Carborundum Metals Co. is cur- 
rently completing a study of the effect of 
strain rate on the tensile properties of 
Zircaloy 2. For this study, we used H-1 
specimens and a specimen patterned after 
the sheet specimen of ASTM Methods 
E8? and illustrated as (5) of Fig. 1 of Mr. 
Ames’ paper. The specimens of this type 
were 0.150 in. thick. Our results do not 
agree with the comparison given by Mr. 
Ames in his Table VI. We find that the 
H-1 specimen exhibits higher elongation 
and ultimate strength but poorer yield 

2 Methods of Tension Testing of Metallic 


Materials (E 8-57 T), 1958 Book of ASTM 
Standards, Part 3, p. 103. ’ 
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strength when tested using constant 
strain rates. By “constant strain rate” 
we mean a test conducted using the sepa- 
ration of the gage points of the specimen 
as the criterion rather than the separa- 
tion of the crossheads of the testing ma- 
chine. 

When ram pacing such as Mr. Ames 
employed was used, we found no differ- 
ence in the yield strengths between spec- 
imens, whereas the H-1 specimen did 
exhibit higher ultimate strength and 
elongation. 

So far we have been unable to postu- 
late a model using stresses and micro- 
structures to explain these observations. 
We do feel, however, that the thin, wide 
test section of the H-1 specimen will cer- 
tainly intensify the effect of anisotropy 
in the metal structure, and we are seeking 
a model in this line of reasoning. 

In another part of his paper, Mr. 
Ames stated that vacuum annealing 
seemingly causes a deterioration in the 
mechanical properties of Zircaloy. We 
feel that the effect he illustrates in Table 
V is better accounted for if we consider 
that the air-annealed 0.090-in. thick 
strip adsorbed some oxygen during an- 
nealing which would raise the strength 
levels markedly. We may find some fur- 
ther evidence to support this hypothesis 
by observing the strengths reported for 
the 0.050-in. strip. Even though the two 
strips made in this size were both vacuum 
annealed after rolling to 0.050 in., the 
strip that was air annealed at 0.090 in. 
continues to be stronger than the strip 
vacuum annealed at 0.090 in. While per- 
haps some structural model might be en- 
visioned also to account for this observa- 
tion, we feel that oxygen contamination 
in the air anneal is the most likely expla- 
nation. 

We concur with Mr. Ames’ observa- 
tion that specimen configuration is a ma- 
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jor consideration in measuring the tensile 
properties of Zircaloy and hasten to add 
also that strain rate plays an important 
role. Our experimentation, as well as Mr. 
Ames’ work, shows that the tension test 
specified in MIL-Z-19859A, using the 
H-1 specimen and ram pacing at the rela- 
tively rapid rate of 0.050 in. per in. of 
gage length per min does not always re- 
flect the true properties of the material 
being tested. This is most serious because 
(1) it gives the engineer a distorted pic- 
ture of the material being used, (2) it 
fails to give the producer a good index of 
his product, and (3) it frequently will 
frustrate the researcher in his quest to 
improve the product. There exists a need 
for a major overhaul of the current meth- 
ods of testing Zircaloy. 

Mr. S. L. Ames (author’s closure) —I 
would like to thank Mr. Schemel for his 
comments and contribution. His results 
on the two types of tension specimen 
suggest, as did our work, that relatively 
small differences in specimen configura- 
tion can affect measured properties. We 
feel that more tests are required to con- 
firm and to establish the magnitude of 
these effects. Undoubtedly the effect of 
strain rate, emphasized by Mr. Schemel, 
should be included in such an investiga- 
tion. 

In regard to Mr. Schemel’s suggestion 
that oxygen contamination caused the 
difference in properties between air and 
vacuum annealed strip, it must be 
pointed out that in testing the 0.09-in. 
thick strip it was necessary to machine 
the annealed test blanks to 0.05-in. 
thickness to produce the Navy tension 
specimen. It is very unlikely that any 
oxygen-contaminated layers would re- 
main after this heavy machining opera- 
tion, yet there was a considerable dif- 
ference in properties between air and 


vacuum annealed material 
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EFFECT OF HEAT TREATMENT AND PLASTIC DEFORMATION ON 


Correlation of electrical resistivity and temperature coefficient of resistance _ 


ELECTRICAL PROPERTIES OF A MODIFIED 
NICKEL-CHROMIUM ALLOY 


By C. DEAN Starr,! T. P. WANG,! AnD K. A. HoFAcKErR! 


SYNOPSIS 


> 


for a 75 Ni-20 Cr-2.75 Al-2 Cu alloy is presented. It is shown that a unique 
relation exists between these electrical properties before and after mechani- 
cal deformation or heat treatment or both. 


The effect of heat treatment on the 
resistance and temperature coefficient of 
resistance of Evanohm, a 75 Ni-20 
Cr-2.75 Al-2 Cu alloy, has been pub- 
lished.?: * It has been shown that these 
properties can be altered appreciably by 
a high-temperature treatment and that 
the resistance and its temperature co- 
efficient are uniquely related.2 Once the 
desired electrical properties are obtained 
by a high-temperature heat treatment, 
it is of interest to determine the effect 
of thermal treatment and mechanical 
work at low temperatures on the prop- 
erties of heat-treated Evanohm. This 
paper gives the results of such an in- 
vestigation. 


THERMAL STABILITY 
Nickel-chromium alloys (ASTM 
Specifications B 344) and nickel- chro- 


1 Chief Research Metallurgist and Research 
Metallurgists, respectively, Wilbur B. Driver 
Co., Newark, N. J. 

2C. Dean Starr and T. P. Wang, ‘“‘The Elec- 
trical Characteristics of a Nickel-Chromium-Alu- 
minum-Copper Resistance Wire,” Proceedings, 
Institution of Electrical Engineers (London), 
Vol. 104, Part B, No. 17, p. 515 (1957). 

3A. H. M. Arnold, “Nickel-Chromium- 


Aluminum-Copper Resistance Wire,”’ Proceed- 
ings, Institution of Electrical Engineers (Lon- 
don), Vol. 103, Part B, No. 10, p. 439 (1956). 
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mium-aluminum-copper alloys can be 
heat treated. This can be done simply by 
holding the alloy at an elevated temper- 
ature fora prescribed period of time or by 
heat treating at a series of times and 
temperatures. When the alloy is held at 
elevated temperatures (500 C) to obtain 


the desirable properties of high resistivity _ 


(800 ohms per circular mil foot) and low 
temperature coefficient of resistance 
(+5 ppm per deg Cent) it is termed heat 
treatment. When the alloy is sub- 
sequently held for prolonged periods of 
time at lower temperatures (350 C and 
below) to determine how much the 
properties change, the process is termed 


stability testing. Actually, of course, — 


they are both heat treatment processes. 
At or near room temperature the rate of 
change of electrical properties by heat — 
treatment becomes negligible. 

To measure this effect and minimize 
errors caused by specimen preparation, 
wire specimens were prepared and heat 
treated as outlined by Starr and Wang.” 
These heat-treated specimens were then 


used for stability testing. A tube furnace | 
was used for the higher temperatures of _ 


350 and 300C. To prevent oxidation, 


cracked ammonia was piped into the 


= 
|| 


tube. The hot resistance of the specimen 
was measured periodically, after which 
the specimen was removed to the front 
of the tube extending outside the furnace 
and allowed to cool to room temperature 
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similar procedure was used except that 
the specimens were inserted in Inconel 
tubes immersed in a salt bath. A protec- 


tive atmosphere of cracked ammonia 
was again used. 


Change in Resistance at 20C, per cent 
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(a) Change in resistance at 20 C. 
(b) Change in hot resistance. 


Fic. 1.—Effect of Time at Various Temperatures on Change in Resistance of Evanohm. 


in a cracked ammonia atmosphere. The 
cold resistance at 20 C and the tempera- 
ture coefficient of resistance from 20 to 
100 C were then measured. This process 
was cumulatively repeated until at 
least 1000 hr had elapsed. 


For the lower stability temperatures, a 


The data for tests at 190, 250, 300, 
and 350 C are shown in Figs. 1(a) and 
(6) and 2. Figure 1(a@) shows the change 
in resistance at room temperature after 
exposure to temperature for times up to 
1000 hr. At 350 C, the resistance changes 
continually and shows a 2.38 per cent 


“| 
0 
| | ; | 190C) | 
| 
| 


change after 1000 hr. At 300C and 
below, the predominant change occurred 
during the first 30 to 50 hr, and there- 
after the rate of change was uniform. 
For example, at 300C the resistance 
increased 0.18 per cent after 50 hr, and 
then increased only 0.35 per cent during 
the next 950 hr—about 0.0004 per cent 
per hr. At 250 C, the maximum change 
was only 0.1 per cent after 1000 hr. At 
190 C the change in resistance was not 
detectable. 

Figure 1(6) shows similar data on the 


On ExecrricaL Properties oF A ALLOY 833 


attached to these observations. At 300 
and 350C, the temperature coefficient 
decreases during the test. This had been 
anticipated, and even the magnitude of 
the change can be calculated from the 
resistance data. Previously the resistivity 
and temperature coefficient of resistance © 
were shown to be represented by the 
equation 


y = —0.835(p — 792)........0) 


where: 
‘Y = temperature coefficient of re- 


190 | 
300C€ 
| 


-16 


y (20 to 100 C), ppm per deg Cent 
+ 


change in hot resistance. The change in 
hot resistance is less than the change in 
cold resistance at each temperature 
tested. Test data on hot resistance at 
190 C were not obtained. 

Figure 2 shows the temperature 
coefficient of resistance from 20 to 100 C 
after exposure to various temperatures. 
Since each specimen was heat treated 
separately, the initial values of the 
coefficient are not identical. However, 
all were within 2 ppm. The test results 
for 190 and 250 C show an increase and 
decrease of the temperature coefficient 
respectively of about 1 ppm after 1000 
hr. Since this is within the accuracy of 


0 100 200 300 400 500 600 700 800 900 1000 
Time, hr 


Fic. 2.—Change in Temperature Coefficient of Resistance of Evanohm After Exposure to Tem- _ 
peratures from 190 to 350 C for Times up to 1000 hr. 


measurement, no significance can be : 


sistance, parts per million per 
deg Cent (20 to 100 C), 
p = resistivity of the alloy in ohms — 
per circular mil foot, and 
792 = resistivity of the alloy at zero y. 


Combining Eq 1 with the definition of 
resistance, 


where: 
R = resistance, in ohms, 
1 = length of wire, in feet, and : 


d = diameter of wire, in mils, 
one obtains 


= —0835 (x2 72), ..(2(@)) 


L 
), 
j 
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where the subscript 1 refers to the initial 
state of the alloy. After stability testing 
at some temperature T for a time /, the 
relation between temperature coefficient 
of resistance and the resistance is 


v2 = —0.835 (x? 702), .(2(b)) 


where the subscript 2 refers to the new 


TABLE I—COMPARISON OF CALCU- 
LATED AND MEASURED TEMPERA- 
TURE COEFFICIENT OF RESISTANCE 
OF EVANOHM FROM 20 TO 100C (& IN 
PPM). 


Time, hr Time, hr c Cot 
0....;—0.9 —2.4) ... 
500....| 0.0 | —0.9) 32.. —1.9) —2.5 
880....|+0.3 100... —1.4) —2.6 
1000..../+1.0 | 220.. —2.7 

500. . —2.4) —3.0 
1000. . —2.9| —3.7 
Time, hr | 99 © | Time, hr | 359 | 
29....)—-2.3 | —2. 50....| —3.0) —2.9 
93....);—2.2 | —3.0) 115....| —5.5) —4.8 
190....|—3.0 | —3.3] 209....| —7.3) —6.8 
282....;,—4.5 | —3.7]| 374....| —9.3| —9.4 
352. —4.6 | —3.8) 611....|—13.0/—12.7 
567....|-—5.3 | —4.4] 
758....|-—6.0 | 
1000....|—6.6 | —6. 


state. Subtracting 2(6) from 2(a) and 
simplifying yields 


temperature coefficient in parts 
per million per deg Cent between 
20 and 100C after stabilizing 
treatment, 

initial temperature coefficient in 
parts per million per deg Cent 
between 20 and 100 C, and 


= per cent change in resistance 
during stability testing. 
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Thus from Eq 3, any thermal treat- 
ment that causes an increase in re- 
sistance will make the temperature 
coefficient of resistance more negative. 
The magnitude of the decrease in y can 
be readily calculated. For the case where 


12 + + T -4 
10 4 
ag | or 
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Strain, per cent 
Fic. 3.—Effect of Strain on the Change in 
Resistance of Evanohm. 


Curve I, while under load; curve II, calculated 
curve I; curve III, after unloading; curve IV, cal- 
culated curve III. 


the initial temperature coefficient is zero, 
Eq 3 reduces to 


which reveals that a change in resistance 
of 0.15 per cent is necessary to change 
the temperature coefficient 1 ppm. 
Table I shows the measured and cal- 
culated values of y during stability 
testing at various temperatures. The 
agreement is within 2 ppm for al! tests. 


EFFECT OF UNIFORM STRAIN ON RESIST- 
ANCE AND TEMPERATURE COEFFICIENT 
OF RESISTANCE 


All metals and alloys increase in 
resistance when they are uniformly 


6.61 — 
R 
0.835p AR 
\ 
| where: 


deformed in tension. This is caused pri- 
marily by the increase in length and 
decrease in cross-sectional area of the 
specimen, both of which cause the re- 
sistance to increase as shown by Eq 2. 
When the resistivity also increases with 
strain, a larger increase in resistance is 
noted. However, nickel-chromium alloys, 
unlike most metals and alloys, decrease 
in resistivity when they are deformed. 
This results in a smaller increase in 
resistance than anticipated from dimen- 
sional changes alone. This is shown in 
Fig. 3 for two conditions of tensile 
straining. In curve I, the resistance 
change was measured while the specimen 
was under strain in an Instron tensile 
machine. Curve II was calculated from 
Eq 5 below by assuming the density and 
resistivity did not change during strain- 
ing: 


AR 
where R = per cent change in resistance, 


and e = uniform per cent strain. Since the 
change of resistivity with strain was not 
included, the calculated curve lies above 
the measured curve. 

In the second test, wire specimens were 
elongated prescribed amounts in the 
Instron and then removed and the 
change in resistance per foot measured. 
The change in resistance is less under 
this condition since the length of the 
resistance specimen before and after 
straining is the same. The data from 
this test are shown in curve III in Fig. 3. 
Curve IV was again calculated by as- 
suming no change in density or re- 
sistivity, but since the initial and final 
lengths of wire measured for resistance 
are identical, the appropriate equation is 
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Again, as in the condition of the wire __ 
under load, the calculated curve is | 
slightly above the measured curve be- br 
cause of neglecting the change in re- ~ 
sistivity. In each case, however, the _ 
total change in resistance is primarily 
caused by dimensional changes, with the 
resistivity only slightly modifying the 3 
curves. Accordingly, from Eq 1, since | 
the resistivity of the alloy is uniquely — 
related to the temperature coefficient of __ 
resistance, uniform strain should cause 
only a small change in y. To determine — 
this, the tension specimens previously a 
elongated a prescribed amount and — 
removed from the Instron were sub- 
mitted for temperature coefficient meas- _ 
urements from 20 to 100 C. These results _ 
are shown in Fig. 4 which reveals the _ 

small change in y with strain. ll 

‘ 
example, a specimen that had an initial _ 
temperature coefficient of +17 ppm 
changed its coefficient only +1 ppm 
after a tensile strain of 1 per cent. Even 
after an elongation of 10 per cent the 
coefficient increased only 10 ppm. This 
behavior can be deduced from the re- 
lationship given in Eqs 1 and 2 and the | 
assumption that the density or volume 
does not change during deformation. — 
For example, a 


= —0.835(p; — (1(a)) 


Ye = —0.835(p, — po),......-. (1(0)) 


and 


where the symbols refer to the same 
quantities given in Eqs 1 and 2 and the 
subscripts i and s refer to the initial and | 
strained state. 

In this test 
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Substituting Eqs 2(2), 7, and 8 into 
Eqs 1(a) and and simplifying gives 


Ye = Vi —0.835p; 


Since (1+ > (1+ the equation 


shows that the temperature coefficient 
will become more positive with tensile 
straining. Using Eq 1 to calculate 


24 
22 < 
© 20 wd 
bed | Sample Under Load 
16 i i 
E 
a 
8 26 
* | —— Measured Curve | 
| After Load Removed 
1 
18 Calculated Curve 
| |__| After Load Removed) 
“0123456789 10011 


Strain, per cent 


Fic. 4.—Effect of Uniform Plastic Strain on 
the Temperature Coefficient of Resistance of 
Evanohm (20 to 100 C). 


pi when y; = +17 and taking the AR/R 
and ¢ values from curve III in Fig. 3, 
y. can be calculated. These results are 
shown by the dotted line in Fig. 4 and 
show agreement within 2 ppm. This 
again demonstrates the unique relation- 
ship between resistivity and the tem- 
perature coefficient of resistance set 
forth in Eq 1. 

The temperature coefficient of the 
specimen cumulatively strained and 
shown in curve I in Fig. 3 was not meas- 
ured. However, its temperature coeffi- 
cient can be readily calculated. Since in 
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this test the resistance of the total wire 
was continuously measured, the appro- 


priate equation is 
AR 
1+ *) 


(1+4 


. (10) 


Using this equation and the experimental 
data in Fig. 3 for curve I along with y; = 
+17, the temperature coefficient as a 
function of strain was calculated and 
plotted in Fig. 4. The change in tempera- 
ture coefficient with strains increases 
slightly faster than the unloaded speci- 
men. In both cases, however, for strains 
of the order of 1 per cent the temperature 
coefficient increases less than 2 ppm, 
which is negligible for most applications. 


EFFECT OF PLASTIC STRAIN 
DurRInG BENDING 


When a wire of diameter d is wound 
on a mandrel of diameter D, the maxi- 
mum strain occurs at the surface of the 
wire and is equal to 

The + sign designates a tensile strain on 
the outer surface while the — sign indi- 
cates a compressive strain on the inner 
surface. 

During the fabrication of a resistor, 
three separate effects occur which alter 
the resistance of an alloy. These are as 
follows: 

1. The resistivity changes because of 
cold work introduced by straining. Since 
nickel-chromium alloys exhibit a decrease 
in resistivity with cold work, this effect 
causes a decrease in resistance. 

2. During bending of a wire the inner 
fibers become shorter while the outer 
fibers become longer. Since an electrical 
current is conducted through all fibers, 
the resistivity will depend on the sum 
of the resistance of each fiber. This 
“shape factor” has been calculated for 
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the condition in which the density and 
mean length of the wire remains constant 
and the cross-section remains circular 
during bending.‘ The theory predicts 
that this factor causes a decrease in 
resistance. This has been confirmed by 
tests on copper and the test alloy. 

3. During winding of a resistor, a 
tensile strain commonly called the wind- 
ing tension is placed on the wire. This 
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Maximum Strain, per cent 
(a) Change in resistance. 
(b) Change in temperature coefficient. 


Fic. 5.—Changes in Resistance and Temper- 
ature Coefficient of Resistance of Evanohm 
During Bending. 


Dotted line indicates calculated curve. 


effect causes the resistance to increase 
since the dimensional changes are greater 
than the resistivity changes. 


To minimize a combination of tensile 
and bending strains, the alloy was an- 
nealed at a low temperature prior to heat 
treating to develop a high yield strength. 
Wire 0.0025 in. in diameter was then 
wound on mandrels having diameters of 
0.029, 0.015, and 0.009 in. respectively. 
The winding tension was kept below 
one seventh of the yield strength. The 
measured changes in resistance and tem- 
perature coefficient of resistance are 
given in Figs. 5(a) and (8). 

The change in resistance data in Fig. 


4C. D. Brown, unpublished data, Wilbur B. 
Driver Co. Research Reports. 


5(a) show that the resistance decreases 
linearly with the maximum strain. The 
maximum decrease in resistance was 1 
per cent for the strains used. 

The temperature coefficient of resist- 
ance increased with strain from an 
initial value of +2 ppm to a maximum 
of +9 ppm at 22 per cent strain. The 
intermediate values of +7 and +4 ppm 
are within 2} ppm of the curve if a 
linear increase in temperature coefficient 
of resistance with strain is assumed. If 
the dimensional changes caused by the 
“shape factor” during bending are offset 
by the dimensional changes caused by 
the winding tension, the change in the 
temperature coefficient of resistance can 
be attributed to only the change in re- 
sistivity. Thus the temperature coeffi- 
cient can be calculated directly by Eq 3 
where 2 is now the coefficient of the 
strained wire. Since AR/R is negative, 
the temperature coefficient increases with 
bending strain. As noted by the dotted 
curve in Fig. 5(6), good agreement be- 
tween measured and calculated coeffi- 
cients are obtained by this method. 


CONCLUSIONS 


1. Heat-treated Evanohm when held 
for 1000 hr at 350, 300, 250, and 190 C 
increases in resistance 2.38, 0.53, 0.10, 
and less than 0.01 per cent respectively. 
The change in temperature coefficient 
during this testing is small and can be 
accurately calculated. 

2. Mechanical work such as uniform 
extension or bending causes an increase 
in resistance. Because the resistivity of 
nickel-chromium alloys decreases with 
cold work, the increase in resistance is — 
less than that calculated from dimen- 
sional changes. The unique relationships 
between resistivity and temperature 
coefficient of resistance are shown to be 
applicable for electrical changes caused 
by straining. Up to 1 per cent strain, the 
temperature coefficient change is less 
than 2 ppm. 
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7 tial interference pattern, called “moiré,” which is added to or subtracted from 
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VARIATION OF POISSON’S RATIO IN THE ELASTOPLASTIC 
DOMAIN OF METALS ; 


SYNOPSIS 


Mechanical interference of two screens of a density of 400 lines per inch is 
used for measurement of strain components along the two principal axes of 
tension specimens of several materials. With two reference screens of equal 
density, called “model pattern” and “master pattern,” respectively, large 
plastic deformations can be measured accurately. Slight variation of the dens- 
ity of the master screen from the density of the model screen results in an ini- 


the moiré pattern caused by the deformation of the specimen. This method, 
called the differential method, is convenient for measuring small elastic defor- _ 
mations as well as large plastic deformations. The accuracy of the method is — 2 
dependent on the proper selection of the difference in densities. 

The method is applied to the measurement of strain components of tension 
specimens of several aluminum alloys subjected to pure tension loading from 
the elastic up to the fully plastic state of deformation. The variation of Pois- 
son’s ratio of the materials tested was studied in the transition elastoplastic 
domain. 

It was found that Poisson’s ratio was constant for purely elastic loading. 
The change in this ratio became apparent a little before the elastic limit was 
reached, and its variation with strain followed a second-degree curve tending 
asymptotically to the limiting value of 0.5 for an incompressible material. 


When investigating the variation of which the gage is attached and to small 
Poisson’s ratio in the elastoplastic region _ elastic strains. 
of various metallic plates, dimensional The moiré method is based on the 
changes over the entire surface of the mechanical interference of two line 
plates must be determined. Precise screens, one printed on the surface of the 
simultaneous evaluation of all strain deformed specimen and the other on a 
components over the entire surface of the transparent reference surface super- 
stressed plate is difficult. Extensometric imposed on the metallic surface. Moiré 
methods are confined to over-all meas- fringes measure the relative displace- 
urements along one principal direction, ment between the two line screens and 
while electric-resistance strain-gages, give an over-all picture of both strain 
which can measure strains in several components over the entire surface of 
directions, are limited to the area to the deformed plate. Poisson’s ratio can 
a be deduced easily from these strain com- 

1 Professor and Director, Laboratory of Test- 


ing Materials, Athens National Technical Uni- ponents at every stage of loading up to 


versity, Athens, Greece. fracture of the specimen. or 
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Although the importance of the varia- 
tion of Poisson’s ratio in the transient 
elastoplastic region of various metals is 
self-evident, there appears to have been 
no extensive experimental investigation 
of this phenomenon. To the author’s 
knowledge only Nadai (1)? discusses the 
continuous change in Poisson’s ratio in 
the elastoplastic region. He introduces a 
variable Poisson’s ratio, v, defined as a 
function of the values of Poisson’s ratios 
at the elastic and plastic regions and the 
corresponding constants at the elastic 
region and at the considered point of the 
stress-strain curve. He represents the 
variation of Poisson’s ratio of a perfectly 
plastic material with a branch of an 
ordinary hyperbola, starting from the 
yield point and tending asymptotically 
to the limiting value of 0.5 for an incom- 
pressible material. He assumes that this 
coefficient remains constant during all 
elastic deformation. 

The introduction of a variable Pois- 
son’s ratio in the elastoplastic region to 
eliminate certain difficulties encountered. 
in problems of partial yielding is attri- 
buted to Ilyuchin (2). Swainger (3) stud- 
ied the variation in transverse contrac- 
tion of mild steel under simple tensile 
loading and stated that transverse strain 
does not follow the longitudinal strain 
faithfully in the loading path between 
primary and secondary yield. 

Stang, Greenspan, and Newman (4) 
measured Poisson’s ratio on both flat- 
strip and round-bar specimens of steel 
and aluminum alloy. The maximum 
measured values of the ratio varied 
between 0.405 and 0.47 depending upon 
the material used. Gerard and Wildhorn 
(5) tested square-section specimens of 
aluminum alloy in both tension and 
compression and found maximum values 
well exceeding the limiting value of 0.5. 
The reliability of the results obtained in 


2 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 
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both cases may be doubtful. Recently 
Shelton and Ford (6) carried out tension 
tests in the elastic and elastoplastic 
regions of strain of a number of metals. 
Their results show true-stress versus 
true-strain curves and the corresponding 
Poisson’s ratio versus true-strain rela- 
tionship. The latter curves compared with 
theoretical curves determined by a law 
introduced by Nadai (1) show good 
agreement, provided the accurate values 
of elastic constants of the materials are _ 
known. 


Fic. 1.—Construction of Moiré Pattern of 
Two Line Screens. 


THEORY OF THE METHOD 


This method of strain measurement 
requires the presence of patterns con- 
sisting of a basic unit called the “motif.” 
The motif is repeated at regular intervals 
and in several directions. Two orthogonal 
directions are sufficient for our experi- 
ments. The superposition of two patterns 
of the same or different motifs results in 
a mutual interference known as a 
“‘moiré.” 

The simplest example of superposition 
of two line screens of equal pitch at a 
small angle results in a moiré with 
fringes running between the rows of inter- 
sections as shown in Fig. 1. It is clear 
from this figure that a covariant vector 
can be associated with each pattern, and 
the moiré fringes represent the covariant _ 
vector difference of the two patterns. If _ 
we apply to each screen a coordinate 
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system of reference which has the two 
greatest line pitches for its covariant 
base vectors, then the components of 
each pitch are always a pair of relatively 
prime integers. These reference systems 
are called cardinal coordinate systems. 

A line screen is a one-dimensional 
pattern, its lattice having only one grat- 
ing space of non-zero magnitude. There- 
fore the moiré produced by the interac- 
tion of two line screens contains only one 
sublattice, as shown in Fig. 1. In the 
case of two line screens of roughly equal 
intervals, in magnitude and direction, 
the moiré produced is given by their 
covariant vector difference and is, there- 
fore, much larger than the pitches of the 
initial line screens. If the relative orienta- 
tion of two screens is varied, the resulting 
moiré fringes are of maximum size when 
the two screens are parallel. 

For measurement of strain distribu- 
tion on a flat surface, an orthogonally 
crossed screen is printed on the surface 
of the metallic specimen when the mate- 
rial is unloaded. Although the orienta- 
tion of the print with respect to the 
surface is not important, selection of a 
pattern with directions coinciding with 
the principal axes of the specimen may 
simplify the subsequent calculation. An 
original pattern, identical to the pattern 
printed on the metallic surface, is pre- 
served by printing the same pattern on a 
thin sheet of film and cementing this 
sheet on a flat sheet of glass with an 
epoxy cement. The two patterns, called 
the “model pattern” and the “master 
pattern,” respectively, are superimposed 
so that their lattices are parallel. If the 
pitches of both screens are the same, no 
moiré effect is produced through this 
superposition. If the pitch of one screen 
is changed because of the progressive 
deformation of the model screen, a moiré 
pattern is produced which measures the 
relative displacement between the two 
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screens. Hence, through graphical differ- 
entiation the components of strains can 
be calculated. 

The density of the moiré fringes 
greatly influences the accuracy of deter- 
mination of the strain components. This 
density depends on the initial screen 
density and the magnitude of developed 
strains on the specimen. The density of 
the screen is limited by the photographic 
process used in printing the screens. 
Master screens with good contrast are 
obtained with a density up to 16 lines per 
millimeter, or a grating space of 62.5 yu. 
Beyond that limit the difficulties of re- 
production have not yet been overcome. 
Therefore, this simple method is suitable 
for the measurement of strains in the 
plastic region of deformation of metals. 
Elastic strains produce only a few moiré 
fringes, which do not permit accurate 
determination of the elastic strain com- 
ponents. 

For accurate measurement of elastic 
strains two screens with slightly different 
spacings are used. In this case an initial 
moiré is obtained which is added vec- 
torially to the moiré produced by pro- 
gressive deformation of the specimen. 
Selection of the proper initial moiré 
results in a dense moiré pattern suitable 
for accurate determination of the strain 
distribution on the specimen surface (23). 

The method described can be applied 
to measure either deflections of plates (7) 
or strains in plane problems. Since this 
paper is concerned with the latter, a 
concise comparative account of the early 
work done on this subject follows. The 
first paper dealing with the intepretation 
of moiré fringes seems to have been 
published by Tollenaar (8) in 1945. In 
1948 Weller and Shepard (9) used the 
same method to measure displacement 
fields. The application of the method to 
strain determination in plane stress 
problems was done by Kaczer and 
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Kroupa (10). In 1954 Dantu (11) intro- 
duced the intepretation of the moiré 
patterns in terms of the displacement 
components. He gave also in a series of 
papers a general theory of moiré for the 
measurement of small deformations and 
several applications of the method in 
special problems. Diruy (12) applied the 
same method to measurement of elastic 
strains by using screens of different 
grating space. Bromley (13) obtained 
similar results by using tensor notation, 
and Rogozinski (14) attempted to estab- 
lish the theoretical foundation of the 
moiré method. The same method was 
used in papers by Crisp (15) and Vinckier 
and Dechaene (16) and, more recently, 
by Bouwkamp (17). The theory of moiré 
produced not only by line screens but 
also by other characteristic families of 
lines was examined by Lehman and 
Wiemer (18) and recently by Pirard (19). 
In the same paper Pirard discussed also 
the application of the interference screens 
method for the measurement of the sum 
of principal stresses in plane stress prob- 
lems. This method was first introduced 
by Mesmer (20) and separately by Post 
(21). Another application of the method 
of considerable interest is its use to 
measure the relative dispositions and 
spacings of the lattice planes in the 
crystals of various substances, partic- 
ularly metals. The method was first 
applied by Menter (22) and found a 
broad application by many specialists in 
this field. 

Let us examine the results when the 
two systems have slightly different 
pitches. The cardinal coordinate systems 
related to the model pattern and master 
pattern are represented by « and x’ 
respectively. Superposition of the two 
patterns before any deformation of the 
model gives an initial moiré resulting 


4 


from the covariant vector difference of 
the two cardinal systems « and x’. If the 
base vectors of the cardinal system «’ are 
denoted by en’, then the resulting moiré 
fringes are 6¢,,, given by the relation: 

where the comma indicates covariant 
differentiation. Since system « is car- 
tesian, Eq 1 can be written 


be,’ (2) 


which becomes, using the usual definition 
of infinitesimal strain, 


ane = (4) 


Now, if the cardinal system related to 
the deformed grid of the specimen is de- 
noted by k” then, again, superposition of 
the deformed model pattern over the 
master pattern results in a new moiré 


given by the covariant differences de, 
and, therefore, the measured strains 
are expressed by 


ene = + Sis) (5) 


The true strain, caused by the deforma- 
tion of the specimen, is given by the 
covariant vector difference of the two 
components. Hence, 


w= + +2. 


where the capital delta denotes the differ- 
ence of the covariant vector differences. 
The method thus developed is called the 
differential method (12). The strain com- 
ponents ¢,; along the two principal 
directions (i = 1.2) of the examined 


pure tension specimers are expressed by 
the relation 
_ 


) 


where a are the gradients of the dis- 


Xi 
placement functions wu;(x,;) determined 
by the moiré fringes in both directions, 
and X; is given by the equation 


where e; is the grating space of the line 
master screens and f; the initial inter- 
fringes produced by each master pattern 
and the corresponding undeformed model 
pattern. The plus sign indicates a differ- 
ence between the pitches of the unde- 
formed model pattern and the master 
pattern of the same sign as the expected 
deformation of the specimen, and the 
minus sign indicates the reverse. 


EXPERIMENTAL PROCEDURE 


Three large tension specimens from 
each of the materials studied were con- 
structed from plates 2 mm thick. The 
aluminum alloys examined were 990A, 
ER-5052, and 2017. 

The dimensions of the specimens were 
such as to leave a pure tension area 120 
mm square. A square screen with a grat- 
ing space of 62.5 uw was printed in this 
area by a photoengraving process. The 
sides of the screen were printed parallel 
to the principal axes of each specimen. 

Line screens of the same pitch were 
reproduced so that the emulsion side of 
these patterns coincided exactly with the 
portion of the pattern printed on the 
metallic surfaces, resulting in remarkable 
refinement of the moiré fringes produced. 

One half of these patterns was sub- 
jected to a shrinkage treatment, the 
other half to a stretching treatment. 
The shrinkage treatment consisted of im- 
mersion in a bath of a 30 per cent solution 
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of methanol in tap water. The time of 
immersion varied between 2 and 30 min 
and resulted in various amounts of 
shrinkage, down to an initial interfringe 
of 7 mm. The stretching treatment con- 
sisted of exposure to a closed-chamber 
atmosphere containing saturated vapors 
of the following preparation: 70 per cent 
of butanol with 10 per cent of methanol 
dissolved in 15 per cent of water by vol- 
ume; 50 g of camphor per 100 ml of the 
above solution was also added. A layer 
of cotton at the bottom of the closed 
chamber was soaked with this prepara- 
tion. The time of exposure varied from 
6 to 36 hr, giving various densities of 
line patterns. The smallest interfringe 
produced by superposition of a stretched 
line screen with a standard one was ap- 
proximately 9 mm. 

The two groups of stretched and 
shrunken master patterns were cemented 
onto the surface of flat glass plates with 
their emulsion side away from the glass 
surface. The shrunken master patterns 
were used to measure the longitudinal 
extensions and the stretched master pat- 
terns to measure the transverse contrac- 
tion strains at various loading steps. 
Selection of different master patterns for 
the measurement of extensions and 
lateral contractions resulted in a minus 
value in Eq 7 in both cases. Proper 
selection of the superimposed master 
pattern in the various steps of loading 
resulted in a value for the term A; which 
was of the same order of magnitude as 
the first term. The difference between 
these two terms gives the corresponding 
values of elastic strains with good pre- 
cision. 

The moiré patterns in both directions 
were photographed at each loading step 
with polystyrene-base film. Positives of 
these photographs were prepared on 
transparent films of the same base and 
on the same scale as the specimen dimen- 
sions. The time of exposure and the 
quantity of light were so selected as to 
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(d) Transverse plastic strain. 


(c) Longitudinal plastic strain. 


Fic. 2.—Moiré Patterns on a 2017 Aluminum Alloy Specimen. 
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(a) Longitudinal elastic strain. 
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Fic. 3.—Variation of Poisson’s Ratio Versus Conventional Strain. 
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= Fic. 4.—Variation of Poisson’s Ratio Versus Applied Stress. 
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obtain a rather underexposed photograph 
showing only the darkest parts of the 
moiré fringes. Plots of the displacement 
curves along the two principal axes 
were constructed which coincided fairly 
well with straight lines of different slopes. 

Before testing, each specimen was 
photographed in superposition with 
each master pattern used during the test 
in order to determine the initial moiré 
pattern and the corresponding inter- 
fringe f; from which the values of A; 
were calculated. The strains were meas- 
ured on a base of 100 mm in both the 
unloaded and the loaded specimens. The 
large base was used because of the uni- 
formity of the strain field, resulting in 
considerable increase in accuracy of the 
measured strains. 

Figure 2 shows moiré patterns of a 
2017 aluminum alloy specimen along the 
two principal directions. Figures 2(a) 
and (6) correspond to an elastic loading 
step, Figs. 2(c) and (d) to a purely 
plastic step. Figures 2(c) and (d) also 
show oblique necking of the specimen. 

Figures 3 and 4 show plots of variation 
of Poisson’s ratio versus conventional 
strains and stresses applied to the speci- 
mens. 


SUMMARY 


The differential moiré method, as de- 
scribed in this paper, is a development of 
the basic method of mechanical inter- 
ference of two screens applied to the 
measurement of strains. The method 
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ROOM-TEMPERATURE CREEP RATE OF MOLYBDENUM AND EFFECT 
OF STRAIN RATE ON TENSILE PROPERTIES OF MOLYBDENUM* 


By R. Q. Barr,’ M. SEMCHYSHEN,' AND G. A. Trmmonst 


SYNOPSIS 


The strain-rate sensitivity of molybdenum has been verified. Yield strengths __ 


were found to vary proportionately with elastic strain rate, and tensile strength  __ 


was sensitive to plastic strain rates. Ductility was not markedly sensitive to 
changes in strain rate over the ranges evaluated. The actual strain rate oc- 
curring during early stages of load application was found to be substantially 


different from the crosshead separation rate. 


In connection with the strain rate investigation, room-temperature creep “ 7 


tests were conducted on stress relieved and recrystallized specimens of un- 
alloyed molybdenum. The creep data indicate that unalloyed molybdenum 


can exhibit measurable creep rates at room temperature at stresses below the ; 


yield strength. 


The use of molybdenum as a struc- 
tural engineering material has been 
appreciably extended in the past decade. 
The greater exploitation of this metal 
and its alloys has been predicated on its 
availability in large sizes in the form of 
bars, plates, sheets, and forgings. The 
increased application of the metal for 
structural purposes requires the estab- 
lishment of standards and specifications 
for quality control and purchasing. 
Tensile properties of the metal become 
one of the items to appear in most speci- 
fications; therefore the procedures for 
performing the tension test must be 
standardized so that the results can be 
compared on a common basis. 

Like other body-centered cubic metals, 
molybdenum is strain-rate sensitive. 
Bechtold,? Pugh,* Carreker and Guard,‘ 


* Presented at the Sixty-fourth Annual 


Meeting of the Society, June 25-30, 1961. 
1Climax Molybdenum Co. of Michigan, 
Detroit, Mich. 
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and Alers and coworkers’ have shown 
relatively wide variations in strength 
and ductility values with wide variations 
in rate of strain. Even at rates in the 
range normally used for tension testing 
of most metals, the yield strength of 
molybdenum will vary with relatively 
small changes in the rate of strain. 


2J. H. Bechtold, “Effects of Temperature 
on the Flow and Fracture Characteristics of 
Molybdenum,” Transactions, Am. Inst. Mining, 
Metallurgical, and Petroleum Engrs., Vol. 197, 
p. 1469 (1953). 

3J. W. Pugh, “The Tensile Properties of 
Molybdenum at Elevated Temperatures,” 
Transactions, Am. Soc. Metals, Vol. 47, p. 984 
(1955). 

*R. P. Carreker, Jr., and R. W. Guard, 
“Tensile Deformation of Molybdenum as a 
Function of Temperature and Strain Rate,” 
Transactions, Am. Inst. Mining, Metallurgical, 
and Petroleum Engrs., Vol. 206, p. 178 (1956). 

5G. A. Alers, R. W. Armstrong, and J. H. 
Bechtold, “‘The Plastic Flow of Molybdenum 
at Low Temperature,” Transactions, Am. Inst 
Mining, Metallurgical, and Petroleum Engrs., 
Vol. 212, p. 523 (1958). 
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It has been shown in the course of this 
investigation that the strain rate during 
tension testing must be monitored di- 
rectly from the gage length of the ten- 
sion specimen. Measurements of strain 
rate based on “crosshead separation,” 
presetting of the valve controlling cross- 
head movement, or monitoring the rate 
of stress result in different gage-length 
strain rates, thus affecting the reported 
yield strength. 

In view of the strain-rate sensitivity 
of molybdenum as well as the existence 
of strain aging, it would be expected 
that this metal might display measurable 
creep rates at room temperature. As part 
of this investigation, the creep rate at 
room temperature of unalloyed molyb- 
denum was determined on specimens in 
the stress-relieved as well as in the fully 


recrystallized structural conditions. et 


PROCEDURES 


Bar stock rolled to 3-in. or 2-in. diam- 
eter from vacuum arc-cast unalloyed 
molybdenum was available for the test 
program. Test specimen blanks were 
subjected to either a stress relief treat- 
ment or a recrystallization treatment 
prior to machining. Details of the 
thermal treatments are tabulated below: 


Bar Dia- Stress Relief Recrystallization 
meter, in. Treatment ‘Treatment 
_ ere 1 hr at 1800 F 1 hr at 2000 F 
| ere 1 hr at 1800 F 1 hr at 2100 F 


Test specimens were machined to a 
configuration consistent with ASTM 
Methods E 8.° Test-specimen reduced 
sections were } in. in diameter by 1} in. 
long. Final elongation values were based 
on 1-in. gage lengths. Test specimens 
representing the 2-in. diameter bar stock 
were taken at a mid-radius location. 


® Tentative Methods of Tension Testing of 
Metallic Materials (E 8 - 57 T), 1958 Book of 
ASTM Standards, Part 3. 
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Elastic strain rates were monitored 
by means of microformer-type strain 
gages attached directly to the gage sec- 
tions. After sufficient total deformation 
had occurred to permit calculation of a 
0.2 per cent offset yield strength, the 
gage was removed (without stopping 
the crosshead motion) and the machine 
adjusted smoothly to achieve the de- 
sired plastic strain rate. The latter was 
measured by crosshead travel. 

All tension tests were performed at 
room temperature (72 to 76 F). Speci- 
mens machined from the $-in. bar stock 
were tested at each of the strain rate 
combinations listed in Table I. 


TABLE I.—STRAIN RATE COMBINA- 
TIONS USED IN TEST PROGRAM. 


_ Elastic Rate, _ Plastic Rate, | 
in per in. per min in. per in. per min 
0.01 
0.02 

0.05 
0.02 


Two of the strain-rate combinations 
included in Table I were not applied 
to test specimens from the 2-in. bar 
stock. Duplicate tests were performed 
for a majority of the listed strain rate 
combinations. 

Three tests were performed for the 
purpose of examining the differences 
between crosshead separation and actual 
strain rates. Stress-relieved specimens 
from the #-in. diameter stock were 
utilized. In the first of these tests, a 
specimen was strained elastically and 
through yielding at a rate of 0.0005 in. 
per in. per min, the rate being paced 
accurately from the signal from the 
microformer strain gage. At the same 
time the machine crosshead separation 
rate was measured by means of a dial 
indicator. In both the second and third 
tests, the crosshead separation rate was 
maintained constant (at 0.005 and 0.05 


_ 
| 


od 


TABLE II.—ROOM-TEMPERATURE TENSION TEST RESULTS. 


Strain Rate, in. per in. per min Yield th, psi 
Ultimate |Elongation|Reduction| 
Strength, | in1in., | of Area, Type" 
Elastic Plastic | °! per 02 me Deep ja psi per cent | per cent 
5¢-1n. Diameter, Stress Rewievep 14 ar at 1800 F 
a 0.01 82 000 | 86 500 97 400 47 68.1 A 
ee 0.01 80 700 | 84 800 98 500 41 70.5 A 
_ 0.01 80 900 | 82 200 97 300 47 71.0 A 
0.02 87 600 | 89 000 101 900 41 68.5 A 
ae 0.01 aa ts 95 200 96 500 46 67.6 B 
Sane 0.01 93 700 | 95 300 het 97 500 41 67.8 A 
0.005 CSR*4..... 0.01 84 200 | 89 200 94 100 45 70.7 A 
0.02 94 200 | 94 500 95 500 39 69.6 A 
0.02 103 900 | 103 900 46 70.1 Cc 
Ee 0.05 94 100 | 96 200 a 100 700 42 66.3 A 
ERR 0.10 90 800 | 92 900 102 000 36 50.9 A 
ae 0.10 92 800 | 95 500 are 101 000 39 65.9 ms) 
0.02 111 400 | 111 400 45 66.8 D 
0.02 114 900 | 114 900 70.5 D 
0.05 CSR**...... 0.01 95 600 | 99 100 te 104 000 43 70.7 A 
5¢-1n. DiaMETER, RECRYSTALLIZED 1 HR aT 2000 F 
0.01 68 700 68 700 58 31.0 Cc 
ae 0.01 68 200 68 200 44 26.0 Cc 
_ ERS 0.02 71 900 74 300 48 38.0 B 
EERE SR 0.01 87 800 87 800 53 54.6 D 
_ ae 0.01 87 600 87 600 55 44.6 D 
tao eo emmcoee 0.02 84 200 84 200 46 37.8 D 
Re 0.02 82 700 82 700 56 57.2 D 
0.05 82 900 82 900 47 37.9 D 
0.10 87 200 87 200 34 28.1 D 
Eee 0.10 85 500 85 500 40 35.4 D 
EE ee 0.02 93 700 93 700 46 30.7 D 
WR biveecowerne 0.02 101 900 | 101 900 59 57.4 D 
2-1n. DIAMETER, STRESS RELIEVED 1 HR AT 1800 F 
J Se 0.01 74 200 81 100 48 73.8 B 
RRR 0.01 71 500 79 200 41 42.6 B 
0.01 94 300 94 300 50 Cc 
Ser 0.01 86 800 86 800 48 71.1 Cc 
ES 0.02 84 700 84 700 48 72.9 Cc 
arr 0.02 86 700 86 700 45 63.4 Cc 
0.10 91 600 91 600 44 56.4 Cc 
0.10 88 700 88 700 49 67.1 Cc 
0.02 108 800 | 108 800 53 7.7 D 
0.02 102 300 | 102 300 30 26.7 D 
2-1n. DraMETER, RECRYSTALLIZED 1 HR AT 2100 F 
0.01 62 900 65 700 41 33.6 B 
Faas 0.01 61 000 65 300 34 26.7 B 
0.01 71 900 71 900 28 24.0 D 
0.01 78 200 78 200 33 27.5 D 
0.02 69 300 69 300 33 26.4 D 
aaa 0.02 71 400 71 400 30 27.5 D 
rere 0.10 69 200 75 200 17 16.2 B 
0.10 67 500 73 000 22 20.1 B 
0.02 84 800 84 800 29 24.1 D 
RRR se Ce 0.02 89 300 89 300 33 29.0 D 
* See Fig. 1. 
See Fig. 3(a). 
¢CSR = crosshead separation rate. a ae. 


4 See Fig. 3(b). 
* See Fig. 3(c). 
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in. per in. per min, respectively), while 
the actual rate at which the specimen 
was being strained was measured by the 
microformer gage. Crosshead separation 
rates were based on the specimen re- 
duced section lengths. The plastic range 
in all three tests was traversed at 0.01 
in. per in. per min. 

Six room-temperature creep tests were 
performed on test specimens from the 
§-in. rolled bar stock. Three test speci- 
mens were machined from stress-relieved 
blanks and three from recrystallized 
stock. Test specimen dimensions were 
identical with those described above. 
Test specimens were fitted with resist- 
ance strain gages of the bakelite type. 
Specimens were loaded in conventional 
lever-type creep machines, and strain 
measurements were made at convenient 
time intervals. 


Test RESULTS 


Tension test results are given in Table 
II. Four basic types of stress-strain 
curves were observed. Idealized versions 
of the four types have been drawn in 
Fig. 1 and cross-referenced in Table II. 
Curves C and D were quite similar, 
except that curve D was characterized 
by an upper yield point close to the 
elastic limit and a subsequent rapid 
drop in load. Curves of the C type, how- 
ever, attained an upper yield point only 
after considerable plastic deformation. 
In curves of both the C and D types, 
the maximum stress after the rate change 
was lower than the upper yield stress. 
By convention, therefore, the ultimate 
strength and drop in load yield strength 
have the same value when behavior of 
this type is observed. Behavior of this 
type should not, of course, be confused 
with tests for which yield and ultimate 
strength values are similar by virtue of 
the absence of ductility. 

It should be pointed out that the 


curves shown in Fig. 1 represent basic 
g 
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exhibited somewhat lower 


“types” only. It is possible, therefore, 
that curves for duplicate tests, although 
possibly falling into different categories, 
were nonetheless similar. In the case of 
duplicate tests on stress relieved speci- 
mens from the $-in. bar tested at rates 
of 0.005 and 0.01 in. per in. per min, 
the actual stress-strain curves were 
similar. The first listed, however, showed 


A 
8 
c 
Strain 


Fic. 1.—Stress-Strain Curve Configurations. 


an extremely slight drop in load, whereas 
the first portion of the curve for the 
second listed test continued to rise 
slightly prior to the rate change. 
Elongation values were within the 
range from 17 to 59 per cent. With one 
exception, ductility values could not be 
correlated with strain rates. The excep- 
tion was that recrystallized specimens 
from the 2-in. bar tested at the highest 
plastic rate (0.10 in. per in. per min) 
ductilities 


— 
| 


00O 


than the balance of the recrystallized 
specimens from this bar. 

As one would expect, yield strength 
values tended to increase with increasing 
elastic strain rates. Yield strength values 
obtained for the 3-in. bar stock are 
plotted against strain rate in Fig. 2. 
Average curves are drawn for 0.2 per 
cent offset yield strengths for stress re- 
lieved specimens and drop-in-load yield 
strengths for recrystallized specimens. 
Data points representing two tests con- 
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This limitation does not exist for speci- 
mens tested at strain rates of 0.0005 
and 0.01 in. per in. per min and of 0.005 
and 0.10 in. per in. per min. These data 
indicate that an average increase in 
ultimate strength of about 8.4 per cent 
results from the tenfold increase in 
plastic strain rate. 

In the opinion of the authors, the 
proposal of a plastic strain rate of 0.10 
in. per in. per min is impractical. When 
the initial rate (called here the elastic 
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Fic. 2.—Effect of Elastic Strain Rate on Yield Strength of Molybdenum (-in. Diameter Rolled 


Bar). 


ducted at constant crosshead separation 
rates are plotted at the actual strain 
rates effective at the time the yield 
strengths were measured. At relatively 
low elastic strain rates recrystallized 
molybdenum is significantly more rate- 
sensitive than stress relieved molybde- 
num. The average curves representing 
each structural condition tend to become 
parallel at the higher strain rates. 

It is difficult to correlate ultimate 
strengths with plastic strain rates since 
for many of the tests ultimate strength 
and yield strength values were identical. 


strain rate) portion of a test is com- 
pleted, it is highly desirable to adjust 
to and stabilize the secondary rate be- 
fore the peak in this portion of the 
curve is reached. If the fast rate is not 
stabilized prior to this juncture, some 
question must be attached to the value 
at the peak load. In practice, it is almost 
impossible to stabilize hydraulically 
driven testing machines at a rate of 
0.10 in. per in. per min, since something 
in the order of 10 sec elapses between 
initiation of the rate change and the 
peak in the plastic deformation curve. 
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3.—Stress-Strain Curve for Room-Tem 
Molybdenum Bar, Stress Relieved). 
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(c) Constant Crosshead 
Separation Rate -0.05 in. per in. per min 


(b) Constant crosshead separation rate 0.005 in. per in. per min. 
(c) Constant crosshead separation rate 0.05 in. per in. per min. 
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Some general commentary on the 
subject of tension testing of molybdenum 
is thought apropos. First, it is not possi- 
ble to conduct accurately paced tension 
tests on molybdenum using mechanically 
driven (as opposed to hydraulically 
driven) testing machines. The reason is 
that in maintaining an accurate rate 
through yielding (for specimens exhibit- 
ing an upper yield point) it is necessary 
to have infinitely variable crosshead 
speed control down to zero. Because of 
inertial effects in mechanically driven 
machines, they have a finite low speed 
limit and cannot be operated between 
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It is evident from this test that the 
crosshead separation rate bore no simi- 
larity to the actual strain rate until 
significant plastic deformation had oc- 
curred. In the early stages of elastic 
deformation, the crosshead separation 
rate was quite high. In the vicinity of 
the elastic limit, it was necessary to 
reduce the crosshead speed in order to 
maintain the predetermined specimen 
strain rate. 

During the second test (Fig. 3(d)) the 
crosshead separation rate was main- 
tained at 0.005 in. per in. per min. The 
actual strain rate occurring in the speci- 


TABLE III.—ROOM-TEMPERATURE TENSION TEST RESULTS FOR Ken. 


UNALLOYED MOLYBDENUM SHEET STRESS RELIEVED. mh, 
Strain Rate, in. per in. per min Yield Strength, psi Ultimate Sieeastion, oom 
— ° per cent Type* 
Elastic | Plastic 0.1 per cent | 0.2 per cent pe 
0.02 92 500 93 000 105 000 30 A 
0.005 CBR**............ 0.02 86 000 89 100 105 900 30 A 
* See Fig. 1. 
> See Fig. 4(a). 


¢CSR = crosshead separation rate. 
4 See Fig. 4(b). 


this speed and zero. Second, it is not 
possible to base strain rates on crosshead 
motion during the early stages of test- 
ing. It is suspected that many of the 
discrepancies in data from various 
sources result from one or both of the 
above limitations. 

The results of tests performed to 
demonstrate the latter point, that is, 
the discrepancy between crosshead sepa- 
ration rate and actual strain rate, are 
given in Table II and plotted in Fig. 3. 

The first test (Fig. 3(a)) was con- 
ducted at an actual strain rate of 0.0005 
in. per in. per min as monitored by the 
microformer strain gage. Concomitant 
crosshead separation rates are noted on 
the curve. The indicated crosshead rates 
are average values for the strain incre- 
ments between adjacent closed circles. 


men was measured by the microformer 
strain gage. Over a hundredfold increase 
in actual strain rate was observed during 
this test. Again, only after substantial 
plastic strain occurred did the actual 
strain rate increase sufficiently to ap- 
proach the selected crosshead separation 
rate. 

The third test (Fig. 3 (c) was con- 
ducted in a manner similar to the second 
except that the crosshead separation 
rate was 0.05 in. per in. per min. Again 
the actual strain rate increased during 
the test, and at the conclusion of the 
test was over 100 times that at the 
initiation of loading. 

Two tension tests were performed on 
unalloyed molybdenum sheet (7, in. 
thick) in order to introduce the addi- 
tional variable of specimen configuration. 
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Fic. 4.—Stress-Strain Curve for Room-Temperature Tension Test Thick 
Molybdenum Sheet, Stress Relieved). 
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Tension test specimens were machined 
with reduced sections } in. in width by 
2¢ in. in length. Test specimen blanks 
were given a stress-relief treatment con- 
sisting of 15 min at 1800 F. 

Test results are given in Table III. 
The initial portions of each stress-strain 
curve are plotted in Fig 4(a) and (8). 
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and rectangular cross-section specimen, 
Fig. 4(d)). 

The disparity between total strain 
and total crosshead separation is shown 
in Fig. 5. The results of three tests on 
cylindrical specimens and two tests on 
sheet specimens define a broad band in 
the relationship described in Fig. 5. It 
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(b) Fully recrystallized. 
Fic. 6.—Room-Temperature Creep Test Results for Unalloyed Molybdenum (§-in. Rolled Bar 


Stock). 


The disparity between crosshead sepa- 
ration rate and specimen strain rate is 
again evident from these data. It is sig- 
nificant that differences in strain rates 
were observed for tests conducted under 
identical crosshead separation rates but 
involving different specimen configura- 
tions (cylindrical specimen, Fig. 3(6), 


is concluded that the difference between 
strain rate and crosshead separation rate 
during the early stages of tension testing 
is not only sensitive to specimen geome- 
try but is in itself rate-sensitive. 

It should be evident from the data 
presented that the actual strain rate 
during the early stages of deformation 
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must be precisely controlled if accurate, 
reproducible results are to be obtained. 

It has been proposed that if molybde- 
num is rate-sensitive at room tempera- 
ture (as it certainly is), it probably 
exhibits finite creep rates at room tem- 
perature. In order to characterize the 
creep behavior of unalloyed molybdenum 
at room temperature, a series of creep tests 
was conducted. Results of room-tem- 
perature creep tests are presented in 
Fig. 6(a) and (6). Tests on both stress- 
relieved and recrystallized specimens re- 
vealed relatively high creep rates during 
the first few hours under load. After 20 
to 30 hr, however, the creep rate had 
diminished significantly. 

Although stress levels were lower for 
the recrystallized specimens, minimum 
creep rates were several orders of magni- 
tude higher than for stress relieved 
specimens. 

Average elastic limit values measured 
for replicate tests conducted on }-in. 
bars at elastic strain rates of 0.0005 in. 
per in. per min were: stress-relieved, 
51,300 psi; and recrystallized, 45,900 
psi. It is evident that room-temperature 
creep behavior cannot be correlated with 
elastic limit. 

Stress-relieved test specimens loaded 
above the elastic limit displayed low 
creep rates, while much higher rates were 
measured for two recrystallized speci- 
mens loaded at stresses below the ap- 
propriate elastic limit value. 

The data developed during the course 
of this investigation, as well as those 
reported by other investigators, indi- 
cated that strain aging is an important 
factor in the mechanical behavior ot 
molybdenum. Tests on fully recrystal- 
lized specimens consistently displayed 
a yield point discontinuity whereas tests 
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on stress-relieved specimens of the 
%-in. diameter stock tended toward a 
continuous type of yielding. This would 
indicate that strain aging, a diffusion of 
interstitially dissolved atoms to disloca- 
tion sites and consequent pinning of 
dislocations, is occurring during strain- 
ing of the work-hardened (stress-relieved 
in this case) material. Interestingly, two 
tests performed on stress-relieved speci- 
mens using a very high initial strain rate 
(0.05 in. per in. per min) displayed yield 
point discontinuities. The explanation 
of this behavior is that the rate of strain 
applied to the specimens was high 
enough to cause the dislocations to break 
away from their locking atmospheres of 
interstitial solute atoms, and their rate 
of movement was sufficiently greater 
than the diffusion rate of the solute 
atoms to prevent subsequent interaction. 

Since a reaction of the strain-aging 
type evidently does not contribute to 
the strength of fully recrystallized mo- 
lybdenum, it is suggested that the low 
room-temperature creep rates assigned 
to stress-relieved molybdenum are at- 
tributable to the strain aging phenome- 
non. 


SUMMARY 


The strain-rate sensitivity of molyb- 
denum has been verified. Yield strengths 
were found sensitive to elastic rates and 
tensile strengths sensitive to plastic 
rates. Ductility was not particularly 
sensitive over the range of strain rates 
studied here. Minimum creep rates for 
recrystallized specimens were several 
orders of magnitude higher than those 
for stress-relieved specimens. Strain 
aging was concluded to be an important 
factor in the mechanical behavior of 
molybdenum. 


from the literature. 


As a result of the findings, a correlation was established between tensile _ 


TENSILE STRENGTH- HARDNESS CORRELATION 
FOR TITANIUM ALLOYS*:+ 


By F. Hickey, Jr’ 


SYNOPSIS 


This investigation was concerned with the establishment of a correlation 
between tensile strength and hardness for titanium alloys. Materials of cur- : 
rent interest were considered and tested over a fairly wide property range. ae 
Tensile and hardness properties were obtained as a function of testing tem- ad 
perature, heat treatment, and section size of material. Data were also obtained 


strength and hardness for stable alpha-beta alloys. It does not apply for metas- - 
table alpha-beta alloys, nor does it adequately define data in all-beta alloys. bay 
In addition, a hardness correlation was established between Vickers and Rock- 


well C readings for the stable alpha-beta alloys. 


The tensile strength - hardness relation- 
ship provides a fast, inexpensive means 
of approximating tensile strength from 
a simple hardness test. Such a relation- 
ship exists in steel (1,2),2 where the ulti- 
mate tensile strength is approximately 
500 times the Brinell hardness number. 
Attempts have been made in the past to 
establish a workable correlation for tita- 
nium, but for the most part this has met 
with little success since hardness appar- 
ently varies with alloy type, direction- 
ality, prior fabrication history of the 

* Presented at the Sixty-fourth Annual 
Meeting of the Society, June 25-30, 1961. 

+ The statements and opinions expressed in 
this article are those of the author and do not 
necessarily indicate the views or policy of the 
Army Ordnance Corps. 

1 Watertown Arsenal Laboratories, Water- 
town, Mass. 

? The boldface numbers in parentheses refer 
_to the list of references appended to this paper. 
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alloy, and the phases present in the alloy. 
Thus it appears that a strength-hardness 
correlation for titanium might vary con- 
siderably from one alloy to another and 
even with different processing variables 
for a given alloy. 

Realizing the above, it was the au- 
thor’s opinion that sufficient work had 
not been done on the subject to eliminate 
completely the possibility that a correla- 
tion may exist, at least within certain 
alloys. 

This report is a presentation of tensile 
strength - hardness data for numerous ti- 
tanium alloys of current interest and im- 
portance. Data for the program have 
been accrued from tests conducted at 
Watertown Arsenal Laboratories, previ- 
ously published work by the author (3), 
and from a literature survey (4,5). 
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— selected for investigation 
were Department of Defense titanium 
alloys and others of commercial and 
current interest. The designated alloys, 
with all available compositions, are given 
in Table I. 

Hardness data obtained from the lit- 
erature were reported in Rockwell C 


MATERIALS AND PROCEDURE 
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polished disks. The R, data are from a 
plane perpendicular to the tensile direc- 
tion while VHN data are parallel to the 
tensile direction. Hardness direction was 
not stipulated in the literature data. 

The least mean square method was 
used for fitting equations to the various 
curves. It was assumed that a linear re- 
lationship would define each plot. 


TABLE I.—COMPOSITION OF ALLOYS INVESTIGATED. 


Element, per cent by weight 

Titanium Alloy - 

minum | denum | dium | gen” | Oxygen | Carbon | | Iron 
7.16 | 4.19 ann 0.0036 0.08 0.065} 0.007) ... 
7.15 | 3.00 0.0126 0.09 0.040) 0.009) 0.20 
5.90 4.25 0.0012 0.09 0.030; 0.010) ... 
4Al-3Mo-1V............ 3.85 | 3.07 0.96 0.0024 0.06 0.045) 0.009 
2.79 15.80) ... (0.0018 0.09 0.025) 0.025 
3.18 13.15) 10.96)0.0069 0.09 0.028) 0.013) ... 
2.77 | 6.00 ... {0.0024 0.13 0.024) 0.018) 0.02 
6.5Al-3Mo-1V?.......... 6.39 | 2.92 | 1.00 0.0044 0.11 0.028) 0.015) 0.02 
5.85 4.07 0.0042 0.11 0.026) 0.018) 0.162 


(R.) units for some alloys, and Vickers 
hardness number (VHN), frequently 
referred to as diamond pyramid hardness 
(DPH), for others. Thus, for the alloys 
which were to be investigated at Water- 
town Arsenal Laboratories it was de- 
cided to utilize both hardness methods 
in hopes of also establishing a relation- 
ship between R, and VHN readings. 
This would allow greater utilization of 
literature data and would also allow a 
tensile strength - hardness relationship 
to be expressed in terms of either R, or 
VHN hardness. 

Tensile and hardness properties were 
obtained as a function of testing tem- 
perature, heat treatment, and section 
size of the material. Standard 0.252-in. 
tension specimens were used in all cases. 
R, data were obtained from Charpy bars, 
while VHN data were obtained from 


RESULTS AND DISCUSSION 


Effect of Testing Temperature on Hard- 
ness: 


Figure 1 is a plot of Vickers hardness 
versus testing temperature for Ti-7Al- 
4Mo, Ti-7Al-3Mo, Ti-6Al-4V, Ti-4Al- 
3Mo-1V, Ti-16V-2.5Al, and the all-beta 
alloy Ti-13V-11Cr-3Al in the annealed 
condition. All-beta Ti-13V-11Cr-3Al 
shows the greatest increase in hardness 
over the investigated temperature span. 
It ranges from approximately 269 VHN 
at 200F to 544 VHN at —319F, a 
difference of 275. The five remaining 
alloys follow the same general trend 
with an increase of between 180 and 220 
VHN. Ti-16V-2.5Al is of a much lower 
hardness level than any of the other 
materials; however, its increase with a 
decrease in temperature is within the 
above stated range. ee 
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‘Fic. 1.—Effect of Testing Temperature on Hardness of Titanium Alloys. 
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Fic. 2.—Effect of Testing Temperature (Room Temperature to —319 F) on Hardness Correla. 


tion (R, Versus VHN) for Titanium Alloys. 


Hardness Correlation: 


Figure 2 is a plot of R, versus VHN 
readings for the alloys in Fig. 1, utilizing 
testing temperatures of room tempera- 
ture, —240, and —319 F. An examina- 
tion of the data shows the hardness level 
of Ti-16V-2.5Al and all-beta Ti-13V- 
11Cr-3Al to be higher and lower, respec- 


tively, than that of the other alloys; 
thus they were not included in the rela- 
tionship which is defined by the follow- 
ing equation: 
R, = 0.078 VHN + 8.1 


A standard deviation of 2.4 R, means 
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that 68 per cent of the cases (data 
points) were included within the range 
of +2.4 R, about the line of regression 
which is defined by the equation R, = 
0.078 VHN + 8.1. 

The reason for the higher hardness 
level of metastable Ti-16V-2.5 Al is con- 
tained in the fact that the beta phase is 
mechanically unstable and transforms to 


R, respectively, of the afore-mentioned 
materials with data being obtained at 
room temperature, —105, —240, and 
—319 F for most of the alloys. In both 
figures the four stable alpha-beta alloys 
exhibit a similar trend which can be de- 
fined as follows: 


Ultimate tensile strength = 435 VHN + 9200 


martensite upon straining. In the Vickers o = 8300 psi 
test, a load of 10 kg is used while the ’ : 
Rockwell C employs a load of 150 kg. Ultimate tensile strength = 5200 R, — 24,000 
Therefore, because of the greater load o = 8600 psi 
55 
50 
Ti-7al-4Mo | 
-319F 
2 45 -3/9F 
° 
Ti-16V-2,5Al 
35 ales RT © 10-Kg Load 
200 250 300 350 400 450 500 550 


Hardness, VHN 


Fic. 3.—Effect of Load on Hardness Relationship (VHN Versus R.) for Titanium Alloys. 


in the latter test, more strain is imparted, 
thus accounting for the higher hardness 
values. Verification of this is shown in 
Fig. 3 which shows that as the Vickers 
load is increased to 50 kg the resulting 
hardness becomes greater for the me- 
tastable alloy. It is also shown utilizing 
Ti-7Al-4Mo, that hardness is_ inde- 
pendent of load for stable alpha beta 
alloys. 

For reasons to be discussed later, all- 
beta Ti-13V-11Cr-3Al data were not 
included in the hardness equation. 


Tensile Strength Versus Hardness Rela- 
tionships: 
Figures 4(a) and (6) are plots of ten- 
sile strength versus hardness, VHN and 


Again, as in the hardness correlation, 
the Ti-16V-2.5Al data fell above that of 
other alloys. Strain-induced martensitic 
transformation once more appears to be 
the answer. The strain produced by the 
tension test is considerably higher than 
that of either hardness method, account- 
ing for the high corresponding tensile 
values. 

It should be mentioned that data for 
the all-beta alloy Ti-13V-11Cr-3Al were 
not included in either equation, even 
though at some temperatures they agree 
fairly well with the stable alpha-beta 
alloys. In Fig. 4(@) there is some evi- 
dence that the alloy may undergo a 
certain amount of martensitic transfor- 
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Size for Titanium Alloys. 
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Fic. 5.—Tensile Strength - Hardness Relationship as a Function of Heat Treatment and Section 


mation due to straining; also, it is known 
that this material exhibits excessive em- 
brittlement at cryogenic temperatures. 
Figure 5 is a plot of tensile strength 
versus hardness (R,) utilizing tensile 
data which has been previously pub- 
lished (3), and the corresponding hard- 
ness data. The materials, Ti-6Al-4V, 


160 000 
UTS = 225 VHN +73,000 clo 

a 
150 000 
o 
5 9 
140 000 oo ° 
o} o 
3 o 
2 130 000 © Ti-4Al-3Mo-Iv4 
= Ti-6al-4v5 

120 000 
i. 250 300 350 


Hardness, VHN (10-Kg Load) 


Fic. 6.—Tensile Strength - Hardness Relationship for Titanium Alloys. 


Ti-6.5Al-3Mo-1V, and Ti-6Mo-3Al are 
stable alpha-beta alloys. Each material 
was of several section diameters (2, 3, 4, 
and 6 in.) and tested in both the an- 
nealed and heat-treated conditions, thus 
providing a range of conditions and prop- 
erties. 

The data fell into a fairly consistent 
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pattern and can be described as follows: 


Ultimate tensile strength = 5170 R, — 38,600 
o = 8150 psi 


Figure 6 is a plot of ultimate tensile 
strength versus VHN for Ti-4Al-3Mo- 
1V‘ and Ti-6Al-4V*, the data having 
been obtained from Battelle Memorial 
Inst. The first alloy was tested in the 
heat-treated condition and the latter is 
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tween these data and those presented 
in Fig. 4. 
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Figures 4 to 6 present tensile strength 
versus hardness data for numerous ti- 
tanium alloys in various conditions. In 
an effort to arrive at the equation which 
best defined all the data, it was decided 
to analyze all the results on an R, versus 
ultimate tensile strength basis. The 
VHN’s in Fig. 6 were converted to R, 


240 000 | 


UTS=5200 Re-24,000 
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cast material which presumably was 
annealed prior to testing. Their data 
may be defined as follows: 


Ultimate tensile strength = 225 VHN + 73,000 
o = 4500 psi 


As can be seen in Fig. 6, the property 
range is very limited. Due to this fact, 
and lacking complete fabrication history, 
only limited emphasis can be placed 
upon these data. However, it can be said 
that in the area of 300 VHN fairly good 
agreement equation-wise does exist be- 


Fic. 7.—Summary of Tensile Strength - Hardness Relationship for Titanium Alloys. 


utilizing the hardness relationship es- 
tablished in Fig. 2. Also included in this 
bulk analysis were limited results from 
Ti-5.5Al-5.5V-2Sn, Ti-155A, and Ti- 
7Al-4V. 

The equation and resulting deviation 
which best describe all of the data are: 


Ultimate tensile strength = 5050 R, — 27,000 
o = 8250 psi 


Utilizing the hardness conversion be- 
tween R, and VHN, the hardness versus 
tensile strength relationship can now be 


| 
} 
e 
t 
i - - 


864 Hickey oN TENSILE STRENGTH VERSUS HARDNESS IN TITANIUM ALLOYS 


expressed in terms of VHN, as follows: 
Ultimate tensile strength = 395 VHN + 14,000 


Figure 7 is a plot of the equation 
which best defines the presented data. 
In addition there are also equation plots 
of the data presented in Figs. 4(b) and 
5. It is of interest to note that the data 
from these two figures parallel each 


_ other, thus tending to indicate that the 


slope of the curve is independent of the 
materials testing condition. It can also 
be seen that the standard deviation for 
all of the data encompass these two plots 
at nearly all hardness levels. 

After the statistical analysis had been 
completed for this paper, additional 
data on tensile strength and Vickers 
hardness for Ti-4Al-3Mo-1V and Ti-6Al- 
4V by Rice, Campbell, and Simmons 
(6) were discovered. Thus, these results 
could not be included; however it can 
be said that their findings fall within 
the scope of the correlation. 


CONCLUSIONS 


The results of this investigation to 
establish a correlation between tensile 
strength and hardness for titanium are 
as follows: 

1. A hardness correlation (R, versus 
VHN) was established for stable alpha- 
beta alloys, based upon the data from 
Ti-7Al-4Mo, Ti-7Al-3Mo, Ti-6Al-4V, 
and Ti-4Al-3Mo-1V. The equations and 
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York, N. Y., 1937, pp. 615-620. 

(2) J. M. Lessells, “Some Notes on the Indenta- 
tion Hardness Test,” Symposium on the 
Significance of the Hardness Test of Metals 
in Relation to Design, Proceedings, Am. Soc. 
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standard deviation are as follows: 
R, = 0.078 VHN + 8.1 
o = 2.4R, 

2. A relationship does exist for stable ( 
alpha-beta alloys over the investigated 
hardness range of 30 to 50 R, and corre- 
sponding tensile strengths of 130,000 to 
240,000 psi. This relationship and stand- 
ard deviation can be expressed as fol- 
lows: 

Ultimate tensile strength = 5050 R. — 27,000 
« = 8250 psi 


3. The above relationships can be 
combined, resulting in the following ex- 
pression for ultimate tensile strength in 
terms of VHN: 


Ultimate tensile strength = 395 VHN + 14,000 


This study shows that the tensile 
strength - hardness relationships for the 
alpha-beta materials does not define 
Ti-16V-2.5Al, a metastable alpha-beta 
alloy. A likely explanation appears to lie 
in the fact that this alloy transforms to 
martensite upon straining. 

Even though the data for all-beta 
Ti-13V-11Cr-3Al agree fairly well with 
the stable alpha-beta results, especially 
at lower strength and hardness levels, 
they were not included in the above 
equations. This decision was based on 
the possibility that the alloy may un- 
dergo a certain amount of martensitic 
transformation due to straining, plus 
the known fact that it exhibits excessive 
embrittlement at cryogenic tempera- 
tures. 


of Titanium Alloys as a Function of Heat 
Treatment and Section Size,”’ see p. 866. 

(4) E. DelGrosso and P. Kuzmenko, “Heat 
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TR 58-409, Jan., 1959; DMIC File Card 
No. 31823. 
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MECHANICAL PROPERTIES OF TITANIUM ALLOYS AS A FUNCTION OF 


HEAT TREATMENT AND SECTION SIZE* 


f= By F. Hickey, Jr.! 


SyNopsIS 
The mechanical properties of 6Al-4V, 6.5Al-3Mo-1V, and 6Mo-3Al titanium 


alloys were investigated as a function of heat treatment and section size. 
Sections of 2-, 3-, 4-, and 6-in. diameter rounds were studied, each alloy being 
subjected to two solution temperatures followed by three aging temperatures. _ 


_ Tensile and impact data were obtained in all cases. As a result of the findings _ 


an optimum heat treatment was established for each alloy. Other factors 
_ such as specimen location, directionality, and microstructure are discussed. 


Development of heat-treatment pro- 
cedures for titanium alloys of all types 
has in the past been confined mainly to 
laboratory-scale operations. When these 
procedures are tried on a production 
basis, reported mechanical properties 
are not always realized. Much time and 
material has been lost in attempting 
without success to use these published 
data; then a temporary program must 
be set up to determine optimum practice 
for a single alloy or component. 

A major problem often encountered is 
the variation in properties between dif- 
ferent sizes of stock. This variation can 
arise from differences in microstructure 
brought about by variations in prior 
processing, or from differences in cooling 
rate as various sizes of stock are heat 
treated. Data on the effect of section 
size (1-3)? are limited and there have 


* The statements and opinions expressed in 
this article are those of the author and do not 
necessarily indicate the views or policy of the 
Army Ordnance Corps. 

1 Watertown Arsenal Laboratories, Water- 
town, Mass. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 
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been few publications on that subject to’ 
date. 


MATERIALS AND PROCEDURES © 


The three titanium alloys investigated, 
6Al-4V, 6.5Al-3Mo-1V, and 6Mo-3Al, 
were procured in the form of forged bar 
stock 2, 3, 4, and 6 in. in diamter. All 
diameters within each material were 
from the same heat. The 4-in. bar for the 
Ti-6Al-4V alloy could not be supplied as 
such, thus it was not available for testing. 
All materials were the product of a 20- 
in. minimum diameter ingot, double 
melted by the consumable electrode 
process from sponge’ of 120 to 140 
Brinell hardness number. 

The chemical analysis for each of the 
three alloys is given in Table I. 

The heat treatments, shown in Table 
II, consisted of heating at a high or a low 
solution temperature and then water 
quenching, followed by 3 aging cycles per 
bar diameter. The material was received 
in the mill annealed condition and heat 
treated in the full section size prior to 
machining. The section lengths ranged 
from 8} in. for the 2-in. diameter bars to 


11? in. for the 6-in. diameter materials. 
The higher solution temperature for each 
alloy was approximately 100 F below the 
beta transus, and the lower value was 
the temperature at which the minimum 
yield-tensile ratio existed in the solution- 
treated condition. 

Longitudinal and transverse tension 
and Charpy V notch specimens were 
machined from each diameter bar at both 
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capacity Universal hydraulic machine 
was used for testing. 

Charpy impact testing was performed 
at —40C on a 240 ft-lb Sonntag ma- 
chine. 


RESULTS AND DISCUSSION 
Effect of Heat Treatment: 


The three titanium alloys investigated, 
6Al-4V, 6.5Al-3Mo-1V, and 6Mo-3Al, 


TABLE I.—CHEMICAL COMPOSITION OF ALLOYS TESTED. 


7 vot. Composition, per cent by weight 
Alley 
= Carbon | Nitrogen} Iron Oxygen 
5.85 4.07 ele 0.026 | 0.018 | 0.162 | 0.0042) 0.108 
Ti-6.5Al-3Mo-1V............ 6.39 1.00 2.92 | 0.028 | 0.015 | 0.02 0.0044) 0.110 
| ee 2.77 Se 6.00 | 0.024 | 0.018 | 0.02 0.0024) 0.132 
TABLE II.—HEAT TREATMENTS OF ALLOYS TESTED. 
Alloy Solution Treatment Aging Treatment 
1550 F for 1 hr, water quench....... 950, 1050, and 1150 F for 16 hr, 
1650 F for 1 hr, water quench....... 950, 1050, and 1150F for 1 hr 
per in. of diameter, air cool 
1650 F for 1 hr, water quench....... 1000, 1100, 1200 F for 24 hr, air 
Ti-6.5Al-3Mo-1V...... cool 
1760 F for 1 hr, water quench.......| 1000, 1100, 1200 F for 1 hr per 
in. of diameter, air cool 
1550 F for 1 hr, water quench.......| 800, 900, 1000 F for 24 hr, air 
Ti-6Mo-3Al........... cool 
1625 F for 1 hr, water quench... . 800, 900, 1000 F for 1 hr per in. of 
diameter, air cool 


core and midwall location. Longitudinal 
Charpy specimens were notched per- 
pendicular to the longitudinal direction, 
while transverse specimens were notched 
parallel to it. The side of the specimens 
on which the notch was located was 
toward the core of the original section. 
Tension testing was conducted at 
room temperature at a strain rate of 
0.005 in. per in. per min up to 0.2 per cent 
offset, followed by a platen speed of 0.02 
in. per min to fracture. A 120,000-lb 


are all a-8 alloys. However, because of 
the difference which exists between their 
compositions, it is to be expected that 
the as-received annealed mechanical 
properties will be increased by varying 
amounts when heat treated. This in- 
crease, plus the change in properties 
within a particular section size for a 
given alloy over a range of heat treating 
temperatures, is a measure of the alloys’ 
sensitivity to heat treatment. 


Data show that the as-received 
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properties of the Ti-6Al-4V alloy (Table 
III) were increased the least amount 
when heat treated, while the Ti-6.5Al- 
3Mo-1V (Table IV) and Ti-6Mo-3Al 
alloys (Table V) were affected to a much 
larger degree. For example, the maximum 
increase of ultimate tensile strength in 
the 2-in. section for the Ti-6Al-4V alloy 
was 12,000 psi, while the latter two 
alloys showed increases of 28,000 and 
65,000 psi respectively. It is important 
to note, however, that the increase in 
strength for the Ti-6Al-V4 alloy was not 
obtained at the expense of ductility and 
impact, whereas in the Ti-6.5Al-3Mo-1V 
and Ti-6Mo-3Al alloys there was a de- 
crease in these properties. 

As for the effect of varying the heat 
treatment temperature for a given alloy, 
the Ti-6Al-4V alloy (Figs. 1(a) and (6) 
was found to be the least sensitive, with 
the maximum tensile strength difference 
developed by any two heat treatments 
being in the order of only 9000 psi. The 
Ti-6.5Al-3Mo-1V (Figs. 2(a) and (6)) and 
Ti-6Mo-3Al alloys (Figs. 3(a) and ()) 
were much more sensitive to heat treat- 
ments, and a strength differential of 
35,000 psi was developed for both alloys 
by varying the heat treatment. 

Each of the above conditions has its 
advantage, but also its limitations. Heat 
treatment temperatures are not critical 
for the Ti-6Al-4V alloy; however, it is 
impossible to develop a wide range of 
properties within the alloy. As for the 
latter two alloys, a wide property range is 
possible from heat treating, but if a 
specific level is desired the heat treat- 
ment variables become very critical. 

Using a strength-impact criterion, it 
appears that the higher solution treat- 
ment with accompanying aging results in 
highest properties for each of the alloys. 
Optimum aging temperatures for Ti- 
6Al-4V, 6.5Al-3Mo-1V, and 6-Mo-3Al 
alloys were 950, 1100, and 900 F respec- 
tively. 
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It was found that the general mor- 
phology of the microstructure was un- 
changed by heat treatment except for a 
slight change in a particle size. This is 
probably true for most a-8 titanium 
alloys. Figures 4(@) to (c) are micro- 
structures for the Ti-6Al-4V alloy in the 
as-received annealed condition, while 
Figs. 5(a) to (c) show typical structures 
in the heat treated condition. rT 
Effect of Section Size: 

Section size appears to be the most 
important of the investigated variables. 
Ti-6Al-4V again was the least sensitive 
of the three alloys, with the strength 
variation between the 2- and 6-in. sec- 
tions being in the order of 10,000 to 
20,000 psi. This is in agreement with 
similar work published by Sherman and 
Keller (1) and Titanium Metals Corp. of 
America (2). The variation for the Ti- 
6.5Al-3Mo-1V alloy is dependent upon 
the heat treatment. The lower solution 
treatment and long aging resulted in a 
difference about equal to that of Ti-6Al- 
4V; however, the high solution treatment 
and accompanying short aging gave a dif- 
ference of nearly 30,000 psi between the 
2- and 6-in. sections. The Ti-6Mo-3Al 
alloy exhibited the greatest sensitivity 
to section size—over 50,000 psi in some 
cases. 

It appears that there are two primary 
factors—microstructure and _harden- 
ability—which must be considered in a 
discussion of section size. Since the sec- 
tions of smaller diameter received more 
work during forging, a qualitative 
change in microstructure is expected, as 
shown in Figs. 4(a) to (c). This finer 
microstructure would be reflected in 
higher strength, as was observed. Fur- 
thermore, as will be discussed in the next 
section, a comparison of core and mid- 
wall strength properties showed the latter 
to be relatively greater. The magnitude 
of this difference did not vary in any 


: 
4 


consistent manner with bar size, and 
was less than the difference between bars 
of different sizes. Therefore it is felt that 
for the size range studied, the micro- 
structure played an important role in 
determining properties. 

On the other hand, the mechanical 
properties suggested a smoother varia- 
tion of properties with section size than 
the microstructure showed, and the unre- 
ported midwall strengths were slightly 
higher than the core values. Thus the 
presence of a hardenability effect must 
also be recognized. It would have been 
desirable to separate the effect of micro- 
structure and hardenability by machin- 
ing the larger size stock to smaller diame- 
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more than 10,000 and 5000 psi (Table 
III), respectively. In general there was 
little difference between the directional 
strength properties of the other two 
alloys. This is likely due to the increased 
B content. A large and consistent dif- 
ference was also found for impact 
strength for the Ti-6Al-4V alloy where 
longitudinal values averaged about 9 
ft-lb higher than the transverse. The 
Ti-6.5Al-3Mo-1V and Ti-6Mo-3Al alloys 
showed this same trend but in a lesser 
degree. Longitudinal ductility was gen- 
erally higher for all alloys, but by in- 
consistent amounts. 

From the data obtained in this in- 
vestigation, it appears that the degree of 


TABLE VI.—OPTIMUM HEAT TREATMENT FOR ALLOYS TESTED. 


Titanium Alloy Solution Treatment Aging Treatment 
ee 1650 F for 1 hr, water quench 950 F for 1 hr per in. of diameter, air 
cool 
6.5Al-3Mo-1V......| 1760 F for 1 hr, water quench 1100 F for 1 hr per in. of diameter, air 
cool 
eee 1625 F for 1 hr, water quench 900 F for 1 hr per in. of diameter, air 
cool 


ters and then heat treating some of the 
resultant smaller sizes. Unfortunately, a 
shortage of material precluded this. 
Wruck (3) has done similar work on Ti- 
6Al-4V and Ti-155A alloys. He concludes 
that the decrease in strength with in- 
creasing section size is due to the slower 
cooling rates obtained as section size 
increases, and also to the prior micro- 
structure of the heat-treated sections. 


Directionality and Location: 


A variation in properties with direction 
was found in all the investigated alloys. 
Such a directionality is fairly typical of 
titanium alloys and is caused, in part at 
least, by preferred orientation. 

Of the alloys investigated Ti-6Al-4V 
showed the largest degree of anisotropy. 
Transverse yield and tensile strengths 
were higher than longitudinal values by 


anisotropy varies with both heat treat- 
ment and section size. Since the preferred 
orientation aspect was not included in 
the scope of the project, it was not 
pursued beyond confirming its presence. 

In regard to specimen location, the 
following can be said: Data indicate that 
strength properties tend to be slightly 
higher at midwall than at core locations. 

It also appears that section size does 
not affect this differential. Work done by 
Sherman and Kessler (1) produced results 
which are in agreement with this 
aspect. 

It is of interest to note a difference in 
the directional characteristics of titanium 
as compared with those of steel. As 
stated earlier, strength and impact are — 
the most direction-sensitive of the 
mechanical properties in titanium. How- | 
ever, as shown by Wells and Mehl (4) in 
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steels, it is ductility and impact which 
show the greatest difference, and there 
is little variation in yield and tensile 
strength. It is also probably true that 
specimen location is more critical in steel 
than in titanium. 

In steels the directional properties are 
attributed to the chemical macrosegrega- 
tion during solidification, the preferred 
alignment of nonmetallic inclusions in 
the working direction during fabrication, 
and in part to the crystallographic 
preferred orientation. In contrast, how- 
ever, titanium, which is consumable arc 
melted, has relatively little heterogeneity 
and a minimum of insoluble nonmetallic 
inclusions. Thus, directionality of prop- 
erties predominantly result from the 
preferred orientation. ore 


SUMMARY 

This investigation was mainly con- 
cerned with the effect of heat treatment, 
section size, directionality, and specimen 
location on the mechanical properties of 
annealed 6Al-4V, 6.5Al-3Mo-1V, and 
6Mo-3Al titanium alloy stock ranging in 
size from 2 to 6 in. in diameter. 

Heat treatments were varied by 
altering the solution and aging tempera- 
tures. An optimum strength-ductility 
heat treatment for each alloy, based 
upon the investigated variables, is 
shown in Table VI. 


Section size proved to be a very 


(1) R. G. Sherman and H. D. Kessler, “In- 
vestigation of the Heat Treatability of the 
6% Aluminum 4% Vanadium Titanium- 
Base Alloy,” Transactions, Am. Soc. Metals, 
Vol. 48, p. 657 (1956). 

(2) Titanium Engineering Bulletin No. 1, Ti- 
tanium Metals Corp. of America (1956). 

(3) D. A. Wruck, “Effect of Section Size and 
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important and sensitive variable. With a 
decrease in section size strength values 
increased, impact values decreased and, 
in general, the ductility decreased. The 
strength effect can be partially ac- 
counted for by the finer microstructure 
present in the smaller size bars. Beyond 
this, however, there is a hardenability 
effect, since maximum properties could 
not be developed in the larger sections. 

Directionality was a prime variable, 
especially in the Ti-6Al-4V alloy, where 
a marked effect on strength and impact 
properties was shown. For example, 
transverse yield and tensile strengths 
were superior to the longitudinal strengths 
by about 5000 psi and 10,000 psi, 
respectively, while longitudinal impac* 
averaged nearly 9 ft-lb higher than the 
transverse. This directionality was 
mainly attributed to the presence of a 
crystallographic preferred orientation. 

Location is perhaps the least important 
of the variables studied. Only minor 
differences in properties between core 
and midwall locations were noted. 
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Ni-o-nel nickel-iron-chromium alloy is 
a relatively new material which contains 
nominally 38 to 46 per cent nickel, 19.5 
to 23.5 per cent chromium, 2.5 to 3.5 
5 per cent molybdenum, 1.5 to 3.0 per cent 
copper, 1.0 per cent max manganese, 
0.50 per cent max silicon, 0.05 per cent 
max carbon, 0.6 to 1.2 per cent titanium, 
and balance iron. The alloy was devel- 
oped for use in a wide variety of corro- 
sive solutions, particularly those con- 
f taining sulfuric and phosphoric acids. 
It is stabilized to resist intergranular 
corrosion by controlling the carbon con- 
tent, titanium content, grain size, and 
heat treatment. 

The present paper reviews some of the 
early work on the development of this 
alloy and discusses the effect of com- 
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BEHAVIOR OF NI- O-NEL NIC KEL- IRON-CHROMIUM ALLOY IN 
INTERGRANULAR CORROSION EVALUATION TESTS 


By H. R. Copson,! B. E. Hopxinson,' anp F. S. Lane! 


SYNOPSIS 


Data obtained in standard evaluation tests for intergranular corrosion are | 
presented for several experimental alloy compositions which were made during 
the development of Ni-o-nel nickel-iron-chromium alloy. In general the results 
show that intergranular corrosion can be prevented by controlling carbon con- 
tent, titanium content, grain size, and heat treatment. Nevertheless corre- 
lation between results in the Huey test and in a boiling sulfuric acid - ferric - 
sulfate test is poor. Examination by X-ray diffraction and electron microscope 
techniques indicates that this may be due to the presence of a sigma ronal 
which increased corrosion in the Huey test. The results of the evaluation tests - 
made it desirable to obtain corrosion test data ina number of acid environments. 
Specimens from a suitable heat were tested in several acids after a mill anneal, 
after heating for 1 hr at 1200 F, and after welding. The sensitizing heat treat- 
ment had no significant effect on the corrosion in these tests, and there was 
no increased attack at heat-affected zones near welds. It is concluded that the 
Huey test is not completely reliable for predicting the corrosion behavior of 
Ni-o-nel alloy in environments other than boiling 65 per cent nitric acid. 


position and heat treatment on the cor-— 
rosion behavior in standard evaluation 
tests for intergranular corrosion re- 
sistance. The possibility of a sigma phase — 
contributing to intergranular corrosion 
in the Huey test has been investigated 
using X-ray diffraction and electron 
microscope techniques. Corrosion test 
data in a number of acid environments 
are reported, and the corrosion behavior 
in these tests is compared with that in 
the standard Huey test. The results are 
significant in relation to similar work on 
other alloys (1-4).? 


ALLOY COMPOSITION AND 
TREATMENTS 


The compositions of all the alloys dis- 
cussed in this paper are given in Table I. 


2 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 
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The heat treatments are given in the 
text and in subsequent tables. All heat 
treatments were carried out in air. Speci- 
mens 2 by 1 in. in size were machined 
out after heat treatment. The surfaces 
were ground to a No. 120 grit finish. 
Alloys No. 11 and 12 correspond to 
current mill production. The as-received 
condition of these two alloys was cold- 
rolled, mill-annealed, and pickled. Alloy 
No. 12 was used for the corrosion tests 
in’ acid environments. This alloy was 
used in these tests in three conditions of 
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tion and taken out of the hot solution 
after completion of the test period. One 
specimen was used per flask. 

The Huey tests in boiling 65 per cent 
nitric acid were carried out according to 
ASTM Recommended Practice A 262.* 
Up to five 48-hr exposure periods were 
used. Fresh acid was used for each period. 

The tests at lower temperatures were 
carried out according to the procedure in 
ASTM Method B 185.‘ These tests were 
at 150 and 86F. At 150F, the volume 
of solution in each glass jar was 3500 


TABLE I.—COMPOSITION OF MATERIALS. 


Composition, per cent 

Alloy 

4 Nickel o~ Copper Silicon | Carbon Iron 
ON CRP rere 41.1 | 19.9 | 2.92 | 1.62 | 0.63 | 0.30 | 0.017 | 0.46 balance 
RE ERR Se 41.3 | 19.8 | 3.21 | 1.73 | 0.57 | 0.36 | 0.022 | 0.48 balance 
Be acres dk aiaecacoaad 41.1 | 20.6 | 3.20 | 1.78 | 0.62 | 0.35 | 0.023 | 0.44 balance 
eS a ree 41.4 | 20.6 | 3.30 | 1.90 | 0.55 | 0.39 | 0.035 | 0.55 balance 
ES See eerroes 43.2 | 18.6 | 3.26 | 1.30 | 0.55 | 0.30 | 0.04 0.47 balance 
43.3 | 20.8 | 3.07 | 1.7 0.74 | 0.39 | 0.05 | 0.42 balance 
ach win 37.2 | 20.5 | 1.98 | 1.09 | 0.68 | 0.28 | 0.05 | 0.22 balance 
ON rere 41.5 | 19.6 | 3.21 | 1.44 | 0.96 | 0.58 | 0.05 | 0.63 balance 
ENA pee 42.6 | 19.5 | 3.21 | 1.52 | 0.90 | 0.62 | 0.04 0.83 balance 
CO er ey 42.1 | 19.6 | 3.23 | 1.60 | 0.92 | 0.59 | 0.04 1.34 balance 
RE Bee oe 42.3 | 21.6 | 2.94 | 1.91 | 0.69 | 0.23 | 0.03 0.69 balance 
ME aOR oie ek hes 40.0 | 21.4 | 3.01 | 1.70 | 0.63 | 0.23 | 0.03 0.81 balance 
No. 13.. 41.0 | 19.6 | 4.03 | 1.91 | 0.90 | 0.40 | 0.05 0.54 balance 
RS apres 40.5 | 20.8 | 3.04 | 2.00 | 0.51 | 0.30 | 0.04 0.47 balance 
41.1 | 21.7 | 3.14 | 1.86 | 0.57 | 0.42 0.03 0.57 balance 
No. 16.. 45.7 | 17.2 | 3.11 | 1.58 | 0.65 | 0.28 | 0.05 | 0.49 balance 


heat treatment: mill-annealed, heated 1 
hr at 1200 F, and welded. The welding 
was accomplished by placing cross welds 
on one face by metal-arc welding using 
#z-in. Ni-o-nel welding electrode 135. 
The slag was removed by sand blasting 
and scrubbing with pumice. 


TEST PROCEDURES 


All tests in boiling solutions were 
carried out in 1000-ml Erlenmeyer flasks 
with a cold finger condenser inserted in 
the neck of the flask. Either 600 or 750 
ml of test solution was used. The speci- 
mens were inserted in the boiling solu- 


ml with two duplicate specimens per 
3500 ml. At 86 F the volume was 2000 
ml with one specimen per jar. The speci- 
mens were moved in a vertical circular 
path at 16 ft per min. When aeration was 
used, the air stream was dispersed 
through the solution by a medium-poros- 
ity glass diffusion disk. 

All tests on alloy No. 12 were usually 


3 Recommended Practice for Boiling Nitric 
Acid Test for Corrosion-Resisting Steels (A 262 — 
55 T), 1958 Book of ASTM Standards, Part 3, 
p. 288. 

4 Method of Total Immersion Corrosion Test 
of Non-Ferrous Metals (B 185-43 T), 1958 
Book of ASTM Standards, Part 3, p. 266. 
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TABLE II.—CORROSION TESTS IN BOILING 65 PER CENT NITRIC ACID. 


——— Heat Treatment Corrosion Rate, in. per month 
Group Alloy 
Car- |Tita- di ist 2nd 3rd 4th Sth 
bon |nium| dee Fabr| hr | br | period | Period | Period | Period | Period 
No. |0.017\0.46| 2000 1.5 |1200 5|0.0004/0.0004 
No. 2 |0.022/0.48) 2000 1.5 |1200 5|0.0005|0. 0006 
I No. |0.023/0.44| 2000 1.5 /|1200 5|0.0004/0.0005 
No. 4 |0.035/0.55| 2000 1.5 |1200 5|0.0017/0.0098 
No. |0.040/0.47| 2000 1.5 |1200 5\0.0804/0.141 
No. 6 |0.044/0.41} 2000 1.5 |1200 5|0.167 |0.227 
No. 7 |0.05 |0.22) 2000 1.5 |1200 50.096 | ... 
No. 8 |0.05 |0.63} 2000 1.5 /|1200 ... 
No. 9 (|0.04 |0.83) 2000 1.5 /|1200 
No. 10 |0.04 |1.34) 2000 1.5 /|1200 
No. 4 |0.035)0.44) 1550 1.5 /|1200 5|0.0004|0.0007 
No. 4 |0.035)0.44| 1700 1.5 /|1200 5|0.0004/0.0006 
No. 4 |0.035)0.44) 1850 1.5 /|1200 5|0.0006)/0.0025 
No. 4 |0.035)0.44) 2000 1.5 {1200 5|0.0017|0.0098 
No. 4 2150 1.5 |1200 5/0.0019)0.0104 
No. 4 |0.035/0.44| 2300 1.5 |1200 5/0 0368/0.5 
No. 4 (|0.035)0.44) 2400 1.5 /|1200 5|0.0248/0.5 
No. 11 |0.03 |0.69 as-received ...| 
No. 11 (|0.03 |0.69 as-received 1200 1|0.0005)0 .0004/0.0006 0.0011/0.0013 
No. 11% |0.03 |0.69) 1725 | 0.3 |1200 .0004 
No. 12 |0.03 |0.81 as-received ...| 
No. 12. |0.03 |0.81 as-received 1200: |0.124 0.116 
No. 12% |0.03 1725 0.3 {1200 
No. 13 |0.05 (0.54) 1950 | 1 . 0.0009 
No. 13 |0.05 |0.54) cold rolled 40 .|0.0008/0. 0008/0 .0008/0 .0008)0.0008 
per cent 
VI No. 13 |0.05 |0.54) cold rolled 40 1475 2/0.0006 
per cent 
No. 13 |0.05 |0.54) cold rolled 40 1475) 
ee per cent | 
ie No. 13 |0.05 |0.54) cold rolled 40 1475 CORED. 
nd per cent 


® These specimens of alloys No. 11 and 12 were cold rolled 50 per cent prior to annealing at 1725 F. 


made in quadruplicate. Many of the 
tests on the other alloys involved single 
specimens. 


EFFECT OF COMPOSITION AND HEAT 
TREATMENT ON STABILIZATION 
IN THE Huey TEST 


During the development of Ni-o-nel 
nickel-iron-chromium alloy, a number of 
experimental compositions were pre- 
pared, worked down to cold-rolled strip, 


and heat treated in different manners. 
Huey tests were run on this material. 
Data selected to show the important 
findings are given in Table II. 

The specimens in groups I and II of 
Table II were annealed at 2000 F for 1.5 
hr and then heated at 1200F for 5 hr. 
Group I shows the effect of carbon con- 
tent on corrosion in the Huey test and 
group II the effect of titanium content. 
It is clear that excellent behavior can be 
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obtained by balancing the carbon and 
titanium contents. 

The specimens in group III were an- 


nealed for 1.5 hr at a range of tempera- 
tures and then heated at 1200 F for 5 hr. 
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in groups I, II, and III. Huey test data 
for a typical heat, alloy No. 11, are given 
in group IV. The average corrosion rate 
of as-received material was 0.0006 in. 
per month. After a sensitizing heat treat- 


TABLE III.—CORROSION RATES IN BOILING SULFURIC ACID - FERRIC SULFATE 
TEST AND IN HUEY TEST. 


Heat Treatment Corrosion Rate, in. per month 

Group Alloy 1 Huey Test a 

de ond | ard | ath | 

t t t 

deg Fabr| br | | period | Period | Period | Period | Test” 

(| No. 14 as-received 0.0004! 0.0003) 0.0004; 0.0006) 0.0014 

No. 14 1600 1.5 0.0004} 0.0003) 0.0003) 0.0002) 0.0008 

I , No. 14 1600 24 0.0004) 0.0003) 0.0003) 0.0003) 0.0007 

No. 14 1700 1.5 0.0004) 0.0003) 0.0003) 0.0004) 0.0013 

No. 14 1800 1.5 0.0004; 0.0003) 0.0003) 0.0004) 0.0012 

No. 14 1800 24 0.0004} 0.0004! 0.0003) 0.0004) 0.0010 

(| No. 14 as-received 1200 1 0.0004) 0.0005; 0.0009) 0.0021) 0.0009 

No. 14 1600 1.5 1200 1 0.0004; 0.0006; 0.0009) 0.0016) 0.0015 

Il , No. 14 1600 24 1200 1 0.0004, 0.0003) 0.0005; 0.0010} 0.0005 

No. 14 1700 1.5 1200 1 0.0005, 0.0005) 0.0008) 0.0017) 0.0009 

No. 16 1800 1.5 1200 1 0.0007) 0.0007; 0.0012) .. 0.0036 

\| No. 14 1800 24 1200 1 0.0003) 0.0004) 0.0006) 0.0013) 0.0025 

(| No. 16 1600 1.5 | 1200} 1. | 0.0007! 0.0013) 0.0035) 0.0051) 0.0006 

No. 16 1600 24 1200 1 0.0006) 0.0009) 0.0025) 0.0044) 0.0013 

ow No. 15 1700 1.5 | 1200} 1. | 0.0004) 0.0009] 0.0010] 0.0058) 0.0014 

No. 15 1800 1.5 1200 1 0.0004 0.0005; 0.0020) 0.0071) 0.0031 

ll q No. 6 1800 24 1200 1 0.0006) 0.0008) 0.0030) 0.0079) 0.0031 

salts No. 6 1600 1.5 1200 5 0.0004) 0.0007) 0.0020) 0.0050, 0.0007 

No. 14 1600 1.5 1200 5 0.0010) 0.0014) 0.0034) 0.0057} 0.0010 

No. 6 1600 24 1200 5 0.0005) 0.0007) 0.0022) 0.0056) 0.0009 

No. 14 1600 24 1200 5 0.0004! 0.0006; 0.0016) 0.0039) 0.0030 

No. 14 1700 1.5 1200 5 0.0004! 0.0005) 0.0014) 0.0033) 0.0006 

No. 15 1700 1.5 1200 5 0.0004; 0.0083) 0.0346) 0.0679; 0.0009 

OP ivcas No. 15 1800 1.5 1200 5 0.0012; 0.0231) 0.0630) 0.138 | 0.0009 

No. 14 1800 24 1200 5 0.0004) 0.0179} 0.0636) 0.0776) 0.0021 

Maaceea No. 16 1800 24 1200 1 0.071 0.033 

No. 12 as-received 0.0004, 0.0004; 0.0005) 0.0006) 0.0007 

|, eee No. 12 as-received 1200 1 0.0010; 0.0565) 0.145 | 0.124 | 0.0053 

No. 12 welded apr 0.0011 0.0008) 0.0010) 0.0011) 0.0015 


The high-temperature annealing treat- 
ments were harmful for at least two 
reasons: (1) they increased the grain 
size and (2) they dissolved the titanium 
carbides. The low-temperature heat treat- 
ments produced excellent results. 

The commercial alloy generally meets 
the expectations implied by the results 


ment of 1 hr at 1200 F, the average rate 
was still only 0.0008 in. per month. The 
rate was decreased slightly to 0.0004 in. 
per month by cold rolling and annealing 
at 1725 F for 20 min prior to the sensitiz- 
ing heat treatment of 1 hr at 1200F. 
Most commercial heats behave similarly. 
Huey test data for alloy No. 12 are 
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given in group V of Table II. The cor- 
rosion rates of the as-received material 
were in the expected range, but after a 
sensitizing heat treatment of 1 hr at 
1200 F the rate of attack was excessive. 
The corrosion resistance was partly but 
not completely restored by cold rolling 
and annealing at 1725 F for 20 min prior 
to the sensitizing heat treatment. This 
shows that the as-received material was 
not in the best condition of heat treat- 
ment. The grain size of alloy No. 12 was 
somewhat coarser than that of alloy 
No. 11 but the difference was not 
marked, the actual ASTM grain sizes 
being 5 to 6 and 7 to 8, respectively.5 
It is of interest that the as-received con- 
dition of alloy No. 12 withstocd welding 
operations without showing any accel- 
erated attack in the heat-affected zones 
during the Huey tests. 


BEHAVIOR IN OTHER TESTS FOR SUS- 
CEPTIBILITY TO INTERGRANULAR 
CORROSION 


There are other tests besides the Huey 
test for evaluating the resistance of 
stainless steels to intergranular corrosion 
(3). These may be superior to the Huey 
test in that they reveal only intergranu- 
lar corrosion associated with carbides 
and not that associated with the sigma 
phase. During the developmental work 
on Ni-o-nel nickel-iron-chromium alloy, 
a number of specimens were exposed to 
the Strauss test, to the nitric-hydrofluoric 
acid test, and to the boiling sulfuric 
acid - ferric sulfate test. Only in the latter 
test, however, were enough tests run for 
a detailed evaluation. The test was 
carried out as described in the literature 
(1) and involved exposing specimens for 
120 hr in 600 ml of boiling 50 per cent 
sulfuric acid in which was dissolved 15 g 
of hydrated ferric sulfate. Acceptance 
rates for stainless steels are about twice 


5 Metals Handbook, 1948 Edition, Am. Soc. 
Metals, Cleveland, Ohio, pp. 399-405. 
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as high in this test as in the Huey test 
(1). 
Table III gives the results obtained 
in this test and also Huey test data on 
the same materials. The results in group 
I in the table pertain to specimens water 
quenched from temperatures between 
1600 and 1800 F. Corrosion rates in the 
Huey test were low. Corrosion rates in 
the boiling sulfuric acid - ferric sulfate 
test varied between 0.0007 and 0.0014 
in. per month. 

The results in group II in the table 
pertain to specimens which had been 
given a sensitizing heat treatment of 1 
hr at 1200F but which nevertheless 
had quite low corrosion rates in the 
Huey test, although the rates were some- 
what higher than for the specimens of 
group I. Corrosion rates in the boiling 
sulfuric acid - ferric sulfate test varied 
between 0.0009 and 0.0036 in. per month. 

Group ITI in the table includes speci- 
mens which had been given sensitizing 
heat treatments of 1 and 5 hr at 1200 F 
and which showed some increase in cor- 
rosion rate in the Huey test. Corrosion 
rates in the boiling sulfuric acid - ferric 
sulfate test remained in the same range 
as before, actually between 0.0006 and 
0.0031 in. per month. 

Group IV includes specimens which 
had been heated for 5 hr at 1200 F and 
which showed severe corrosion in the 


Huey test. Corrosion rates in the boiling © 


sulfuric acid - ferric sulfate test remained 
between 0.0009 and 0.0021 in. per month. 


It might be noted that in groups II, | 
III, and IV in the table all specimens | 


giving rates higher than 0.0015 in. per 
month in the boiling sulfuric acid - ferric 
sulfate test had been annealed at 1800 F 
(with one exception). Similarly all speci- 
mens in these groups which had been 
annealed at 1800F had rates greater 


exception). The reason 
is not known. 


@ 


than 0.0020 in. per month (with one 
for this behavior 


a 
| 


fy 


(a) Microstructure after water quench (x 500). } 
(b) Microstructure after 300-hr soak (x 1000). j 


Fic. 1.—Alloy No. 13 Solution Treated at 1950 F for 1 hr, Cold Rolled, Water Quenched, and 
Soaked 300 hr at 1475 F 


Group V showed extremely severe well in both tests. After a sensitizing 
attack in the Huey test and also in the heat treatment of 1 hr at 1200F, cor- 
boiling sulfuric acid - ferric sulfate test.  rosion rates in the Huey test were high 

Group VI in Table III pertains to as already discussed. In the boiling sul- 
alloy No. 12. In the as-received condition furic acid - ferric sulfate test this heat 
and after welding this alloy performed treatment increased the rates somewhat 
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above those of groups II, III, and IV 
but not as high as group V. 

It is clear that there is no exact cor- 
relation between the two tests. By anal- 
ogy with the behavior of type 316ELC 
stainless steel, the results suggest that 
an intergranular sigma phase may be 
involved in some of the high rates in 
the Huey test. 


EXAMINATION FOR SIGMA PHASE 


An investigation was made on one ex- 
perimental heat to determine if the sigma 


TABLE’ IV.—X-RAY DIFFRACTION 
PATTERN ON MATERIAL EXTRACTED 
FROM ALLOY NO. 13 AFTER HEATING 
AT 1475 F FOR 300 HR. 


X-ray Pattern on Sample X-ray Pattern on Sigma 

Interplanar Interplanar 

Spacing, Intensity? Spacing, Intensity 
2.30 MW 2.28 Vw 
2.15 8 2.13 s 
2.09 M 2.07 M 
2.04 MW 2.02 Ww 
1.991 Ss 1.969 MW 
1.954 8 1.929 Ss 
1.905 M 1.885 M 


“Powder prepared from high-purity vac- 
uum-melted alloy containing 50 per cent iron 
and 50 per cent chromium, sigmatized at 1400 F. 

’S = Strong, M = Medium, W = Weak. 


phase could be formed in alloys of this 
general type. Since the Ni-o-nel alloy 
was being developed for use as a co - 
rosion-resistant material in aqueous 
solutions, there was little concern about 
the formation of sigma phase during 
prolonged exposure at high temperatures, 
but it was felt that the results might be of 
some interest. Specimens from alloy No. 
13 were water quenched from 1950 F, 
cold rolled 50 per cent, and then soaked 
at 1475 F for 2, 24, and 300 hr. Figure 
1(a) shows the clean structure after the 
quench, and Fig. 1(6) the structure 
after the 300-hr soak. Here there are 
distinct large particles of a second phase. 
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To extract or concentrate this phase, 
the specimen was etched for 24 hr in an 
alcohol solution of picric and hydro- 
chloric acids and the accumulated residue 
allowed to dry on the surface of the 
metal. The X-ray diffraction pattern of 
this extracted material is summarized 
in Table IV and compared to that of a 
specimen of iron-chromium sigma phase 
of high purity. The comparison shows 
that the extracted material is similar in 
structure to sigma phase, although the 
lattice is somewhat expanded. X-ray 
fluorescence examination of the extracted 
material showed that in comparison with 
the matrix, the phase is enriched in 
molybdenum and chromium and im- 
poverished in nickel. 

Huey test data on these specimens are 
given in group VI of Table II. The pres- 
ence of large dispersed particles of sigma 
phase increased the corrosion rate very 
slightly, but all the rates remained low. 
Microexamination showed that the cor- 
rosion was uniform with no intergranu- 
lar attack. 

Alloy No. 13 is high in molybdenum 
content which may have helped promote 
the formation of the sigma phase. Never- 
theless the results with this alloy suggest 
the possibility that intergranular sigma 
may form under some circumstances and 
cause attack in the Huey test, similar 
to the behavior of type 316ELC steel 
(1-3). Accordingly attempts were made 
to find sigma in alloy No. 12 after sensi- 
tizing heat treatments. 

Examinations were made under the 
electron microscope on as-received mate- 
rial and on specimens heated for 1 and 
20 hr at 1200 F. Negative nitrocellulose 
replicas were stripped from etched speci- 
mens and shadow cast with germanium. 
There was a similar type of precipitate 
at the grain boundaries in each speci- 
men, but the amount increased with 
holding time at 1200F. Figure 2(a) 
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shows the structure of alloy No. 12 after 
heating for 1 hr at 1200 F. 

Extraction replicas were obtained 
from specimens that were deeply etched. 
Figure 2(b) shows the extraction replica 


TABLE V.—CORROSION TESTS ON 
ALLOY NO. 12 IN SULFURIC ACID. 


ses a Corrosion Rates, in. 
Test Conditions per yr 

Acid Tempera- Mill- 

Concen- ture, Time, hr at 
| | peatea | 12008 | Welded 
5....| boiling 4 0.035) 0.064) 0.027 
10....| boiling 4 0.056) 0.087) 0.042 
20....| boiling 4 0.197) 0.082) 0.114 
40....| boiling 4 0.135) 0.167) 0.135 
60....| boiling 4 0.531) 0.645) 0.759 
80....| boiling 4 |17.0 /|12.1 /|11.2 
96....| boiling 4 0.829) 0.861) 0.608 
5....| boiling 20 0.028) 0.046) 0.048 
10....| boiling 20 0.051) 0.062) 0.067 
20....| boiling 20 0.034! 0.058) 0.069 
40....| boiling 20 0.065) 0.078) 0.081 
60....| boiling 20 0.324) 0.351) 0.377 
80....| boiling 20 4.0 3.8 4.5 
96. . boiling 20 | 0.213) 0.296) 0.394 
150 4 0.004) 0.004) 0.006 
10.. 150 4 0.005) 0.010) 0.007 
20.. 150 4 0.009) 0.004) 0.016 
40.. 150 4 0.040} 0.024) 0.051 
60... 150 4 0.033) 0.025) 0.041 
80.. 150 4 0.053) 0.047) 0.056 
96. . 150 4 0.283) 0.346) 0.264 
. 150 20 0.001) 0.001} 0.001 
150 20 0.001) 0.002) 0.001 
20.. 150 20 0.001) 0.001) 0.001 
40.. 150 20 0.036) 0.038) 0.038 
60. . 150 20 0.030} 0.029) 0.017 
80... 150 20 0.124) 0.095) 0.021 
96. . 150 20 0.246) 0.249) 0.138 


@ Tests at 150 F were aerated and specimens 
moved at 16 ft per min. 


obtained from the specimen of Fig. 2(a). 
Particles of the intergranular phase ad- 
hered to the replicas. The electron dif- 
fraction pattern of this extracted mate- 
rial was obtained and compared with 
the X-ray pattern for carbides and sigma 
phase. The results were somewhat in- 
conclusive but there was evidence for 
the presence of sigma phase and of 
carbide, 
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CoRROSION BEHAVIOR IN OTHER 
ENVIRONMENTS 


The previous discussion indicates the 
desirability of running corrosion tests in 
a number of acid environments to deter- 
mine whether there is any correlation 
with behavior in the Huey test. Alloy 
No. 12 was well suited for this purpose. 
For convenience these laboratory tests 
were of shorter duration than might be 
desirable. 

Table V gives the results obtained in 
sulfuric acid solutions ranging in con- 
centration from 5 to 96 per cent at tem- 
peratures of boiling and 150F and for 
exposure periods of 4 and 20 hr. The 
corrosion rates decreased markedly with 
time due to inhibition by the metal ions 
accumulating in the solution, and they 
would be expected to be still lower in 
longer exposures. This is confirmed by 
the wide range of usefulness found in 
plant equipment handling sulfuric acid 
(5). 

The sensitizing heat treatment of 1 hr 
at 1200 F did not appreciably influence 
the corrosion rate in either the boiling 
acid or the aerated acid at 150 F. This 
observation is valid for both the 4- and 
20-hr exposures. Comparison with the 
results on mill-annealed material shows 
that at the 5 and 10 per cent concentra- — 
tions in boiling solutions the heat treat- 
ment increased the rate somewhat, but 
at all other concentrations the rates are 
comparable or lower for heat-treated 
material. Inspection of the cross-welded 
specimens showed no increased corrosion 
in the heat-affected zones. 

Table VI gives the results obtained on 
alloy No. 12 in a number of other acid 
environments. These comprise boiling 
phosphoric acid solutions, aerated sul- 
furic acid solutions at 150 F with addi- _ 
tions of nitric acid and sodium chloride, 
several boiling organic acid solutions, L 


and several acid sali solutions. There 
was no major difference in the behavior 
of mill-annealed material and specimens 
heated for 1 hr at 1200 F. In some tests 
the corrosion rates were somewhat higher 
in one condition and in other tests in 
the other condition. Most of the corro- 
sion rates were quite low. In the three 
most corrosive test solutions, the cor- 


rate increased to 0.0939 in. per month, 
an increase of almost 200 times. 

While these laboratory tests were of 
relatively short duration, the Ni-o-nel 
alloy has resisted intergranular corrosion 
for extended exposure times under many 
service conditions (5). It is concluded 
therefore that the Huey test is not com- 
pletely reliable for predicting the effect 


TABLE VI.—CORROSION TESTS ON ALLOY NO. 12 IN OTHER ACID ENVIRONMENTS 


Test Conditions Corrosion Rates, in. per yr 

Environment Tem | | was 
Phosphoric acid, 60 per cent............. boiling 20 0.008 0.012 0.015 
Phosphoric acid, 70 per cent............. boiling 20 0.007 0.013 0.018 
Phosphoric acid, 80 per cent.............| boiling 20 0.051 0.038 0.052 
150 20 0.001 0.002 0.001 
10 per cent HeSO, + 5 per cent HNO;’.... 150 20 0.002 0.002 0.002 
10 per cent H2SO, + 5 per cent NaCl¢.... 150 20 0.203 0.181 0.222 
Acetic acid, 10 per cent.................. boiling 120 | <0.001 0.002 <0.001 
Formic acid, 10 per cent................. boiling 120 0.003 0.003 0.003 
Lactic acid, 10 per cent.................- boiling 120 | <0.001 <0.001 <0.001 
Maleic acid, 10 per cent................. boiling 120 | <0.001 <0.001 <0.001 
Oxalic acid, 10 per cent.................. boiling 120 0.020 0.015 0.016 
Phthalic acid, 10 per cent................ boiling 120 | <0.001 <0.001 <0.001 
Aluminum chloride,* 25 per cent.......... 86 168 0.005 0.005 
Zinc chloride,* 25 per cent............... 86 168 0.0001 0.0002 wie 
Sodium bisulfite,” 25 per cent............ 86 168 | <0.0001 0.0002 | <0.0001 


* Solutions were aerated with specimens moving at 16 ft per min. 
’ No air was added to solutions; specimens moving at 16 ft per min. 


rosion rates were lower after the sensitiz- 
ing heat treatment. None of the cross- 
welded specimens showed any signs of 
increased attack in the heat-affected 
zones. 

The results in Tables V and VI con- 
trast with those obtained in the Huey 
test. After 240 hr in boiling 65 per cent 
nitric acid, the average corrosion rate of 
alloy No. 12 in the mill-annealed condi- 
tion was 0.0005 in. per month, and after 
heating for 1 hr at 1200F the average 


of sensitizing heat treatments or of weld- 
ing on the corrosion behavior of Ni-o-nel 
nickel-iron-chromium alloy in environ- 
ments other than boiling 65 per cent 
nitric acid. 
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= ELEVATED-TEMPERATURE DYNAMIC MODULI OF 
METALLIC MATERIALS* 


By W. H. Hit, K. D. Sarin,’ B. A. Witcox? 


SYNOPSIS 


Elevated-temperature dynamic moduli of elasticity of 40 commercial metals 
and alloys at temperatures ranging up to 1800 F are presented. The design, 
construction, and operation of an electrostatic device for measuring dynamic 
modulus under conditions of longitudinal resonance are described. 

The dynamic modulus measurements were made under conditions of con- 
tinuous heating at a nominal rate of 12 F per min. The materials tested in- 
cluded aluminum alloys, beryllium, titanium alloys, plain carbon and low- 
alloy steels, stainless steels, a cobalt alloy, nickel alloys, and refractory metals. 
Room-temperature comparisons of dynamic moduli with static moduli are 
given in most instances. 

Results of dynamic modulus measurements are presented which show the F 
variations of modulus as a function of temperature and alloy composition in 


In the design of load-carrying members 
subjected to high temperature as well as 
stress, it is imperative that Young’s 
modulus be known so that deflections 
can be calculated for any combination 
of stress and temperature. This property 
is conventionally determined from the 
static stress-strain plots of one or more 
specimens tested at each temperature. 
This widely accepted method has several 
disadvantages, the principal one being 
the large number of carefully prepared 
specimens needed to establish the tem- 
perature-dependence of modulus for a 
given material. 


* Presented at the Sixty-fourth Annual 
Meeting of the Society, June 25-30, 1961. 

1 Department of Welding Engineering, The 
Ohio State University, Columbus, Ohio; for- 
merly of Materials Central, Aeronautical Sys- 
tems Division, Wright-Patterson Air Force 
Base, Ohio. 

? Metals and Ceramics Laboratory, Mate- 
rials Central, Aeronautical Systems Division, 
Wright-Patterson Air Force Base, Ohio. 


a series of experimental vanadium-titanium alloys. 


The investigation reported here em- 
ploys a less conventional approach to the 
determination of elastic modulus 
(Young’s modulus) which is based on the 
relationship between the speed of sound 
in a material and its elastic modulus. 
Since the speed of sound in a specimen 
of a given geometry is manifested in its 
resonant frequency, it becomes neces- 
sary only to determine that property of 
the material at elevated temperatures to 
evaluate the elevated-temperature elastic 
modulus. This determination is obtained 
nondestructively, thus permitting a 
large number of determinations at vari- 
ous temperatures with a minimum num- 
ber of specimens. 

The program reported here was con- 
ducted for the purpose of evaluating the 
elevated-temperature dynamic moduli of 
a wide variety of commercial metals and 
alloys. In addition, elevated-temperature 
dynamic moduli were evaluated for a 
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series of experimental vanadium-titan- 
ium alloys having nominal compositions 
of 8, 17, 25, 32, and 48 per cent by weight 
titanium. This system was investigated 
since it has been shown (1,2)* that ti- 
tanium is one of the few additions which 
do not have a detrimental effect on the 
ductility of vanadium. In addition to 
being forgeable, vanadium-titanium al- 
loys show improved elevated-tempera- 
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iron, cobalt, and nickel. In addition, 
several pure metals, including refractory 
metals, were investigated. Alloys of engi- 
neering interest were tested in the condi- 
tion of heat treatment considered to be 
of widest application. Detailed informa- 
ton regarding the specific heat treat- 
ments employed has been reported by 
Hill and Shimmin (3). The compositions 
of test materials are given in Table I. 


Fic. 1.—Dynamic Modulus Equipment. 


A—Specimen, B—capacitor plate support assembly, C—furnace, and D—cathode follower 
(preamplifier first stage). 


ture tensile strength over that of pure 
vanadium. Rostoker (2) predicted that 
high-strength vanadium-base alloys 
would have to be composed of vanadium- 
titanium alloys with third and possibly 
fourth-element additions. 


EXPERIMENTAL PROCEDURES 


Materials: 


The commercial materials considered 
as representative of those receiving gen- 
eral interest for elevated-temperature 
structural applications were alloys of 
aluminum, beryllium, copper, titanium, 


* The boldface numbers in parentheses refer 
to the list of references appended to this paper. 
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The commercial alloys and pure 
metals, including the calcium-reduced 
vanadium, were obtained from commer- 
cial sources, but the aluminothermic 
vanadium and the 5 vanadium-titanium 
alloys were prepared at the Metals and 
Ceramics Laboratory, Materials Central, 
Aeronautical Systems Division. These 
materials were prepared as 3-lb buttons 
by nonconsumable arc melting, each 
alloy being melted three or four times. 
The buttons were sectioned, and the 
center portions were given approximately 
40 per cent reduction by forging at 1850 
F. Prior to forging, the specimens were 
glass coated for protection against oxi- 
dation, and an argon atmosphere was 
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to be of widest application. For the exact heat treatments used, refer to reference (3). 
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used in the heat treating furnace for 
additional protection. The forgings were 
machined to cylindrical specimens 3 in. 
long and } in. in diameter. Chemical 
analyses of these materials are also given 
in Table I. 


Equipment and Techniques: 


The determinations of dynamic moduli 
were made in special equipment designed 
and assembled at the Metals and Ceram- 
ics Laboratory, Materials Central, Aero- 
nautical Systems Division. In the appa- 
ratus, shown in Fig. 1, cylindrical 
specimens 3 in. long were rigidly sup- 
ported at their midlength, the nodal 
point for fundamental resonance. The 
specimens were driven into longitudinal 
resonance by a pulsating electrostatic 
force applied at one end. The electro- 
static force was obtained by application 
of about 150 v of the proper drive fre- 
quency to a plate parallel to the end of 
the specimen and adjusted for minimum 
air gap necessary to prevent discharge. 
The specimens were at ground potential. 
The drive voltage originated from a 
signal generator, was amplified by a 60-w 
audioamplifier and stepped up by a 
transformer. At the opposite end of the 
specimens the same arrangement was 
used to obtain the response signal. A 
300-v bias was applied to the pickup 
plate and the voltage generated by 
change in capacitance due to change in 
gap was amplified 3500 times and fed 
into an oscilloscope and electronic fre- 
quency counter. Since the particular 
drive transformer being used was not 
efficient at full resonant frequency, half 
of the resonant frequency was used for 
drive purposes. Two electronic frequency 
counters were used, one counting the 
drive frequency (} the fundamental) and 
the other counting the pickup frequency 
(fundamental). The fundamental fre- 
quency was established by the maximum 
amplitude response observed on the 


oscilloscope. Figure 1 shows the specimen 
A, capacitor plate support assembly B, 
furnace C, and cathode follower (pre- 
amplifier first stage) D. For temperature 
indication a thermocouple was tied to 
the specimen at midlength. A helium 
atmosphere was introduced for tests on 
iodide titanium, Ti-75A, vanadium, 
vanadium-titanium alloys, molybdenum, 
and tungsten. All other materials were 
tested in air. 

The fundamental resonant frequency, 
f, determined by this method is related 
to Young’s modulus, £, by the following 
equation (4): 


E= ( Two (1) 
8Q? = 
where = 
1 = specimen length, 
r = specimen radius, im: 
p = density, 
u = Poisson’s ratio, and 
1/Q = expression for internal friction. 


Neglecting the Poisson’s ratio term 
and the damping term reduces the equa- 
tion to 


A slight error is introduced at higher 
temperatures by neglecting the change 
in length with temperature. All values 
of modulus reported herein have been 
calculated using room-temperature val- 
ues of length and density. Graft, Levin- 
son, and Rostoker (5) have developed a 
mathematical derivation of a correction 
factor to be applied to the modulus form- 
ula to obtain elevated-temperature 
values using room-temperature measure- 
ments. The corrected formula appears as 
follows: 
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TABLE II.—ROOM-TEMPERATURE PROPERTIES OF 


COMMERCIAL ALLOYS AND PURE METALS. 
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Material Static Modulus, psi Hardness, 
Aluminum and aluminum alloys: 
High-purity aluminum............. 9.97 10° 0.0975 
Titanium and titanium alloys: 
Plain carbon and low-alloy steels: 
Stainless steels: 
PH 15-7 Mo...... 29.1 29.39 0.2803 
Nickel and nickel alloys: 
Electrolytic nickel................. 29.32 0.3220 
32.3 32.14 0.2901 
Miscellaneous alloys: 
Beryllium copper, SHT............ 17.8 17.94 31 0.3075 
Beryllium copper, SHT and aged....| 17.6 18.02 94 0.3078 
Other pure metals: 


*W = wrought condition. 
= cast condition. 
© Rockwell hardness, C scale. 


where: 
E, = modulus at temperature /, 


a = linear coefficient of thermal ex- 


pansion, 


T = temperature difference, and 
1, p, and f are as previously defined. 


modulus values, errors in measurement 
should be considered as well as those 
resulting from the simplifying assump- 
tions used in obtaining Eq 2. An analysis 
of the errors in modulus determination, 
excluding the effect of temperature dis- 
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cussed above, indicutes that the total 
error in dynamic modulus values is less 
than 0.4 per cent. 

During dynamic modulus determina- 
tions the temperature of the test speci- 
men was measured by a thermocouple 
tied to the specimen with asbestos string 
at the midpoint location of the clamping 
screws. Prior to the test program the 
temperature distribution along a speci- 
men was established using dummy 
specimens. These specimens had ‘fine 
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In some cases density measurements were 
made by weighing the specimens and 
using calculated volume. 

The room-temperature static modulus 
determinations were made using a 20,000- 
lb Universal testing machine for loading 
and Tuckerman optical strain gages for 
strain measurement. A comparison of 
room-temperature static moduli and 
dynamic moduli (Table II) indicates 
that good agreement is realized in most 
cases. 


Dynamic Elastic Modulus, psi 
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7075-T6 
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Fic. 2.—Effect of Temperature on the Dynamic Moduli of Pure Aluminum and Aluminum Alloys. 


thermocouples welded to the specimen 
near each end and at the midpoint. 
Using the dummy specimens, Variac 
settings for power to the three-zone fur- 
nace were established to give the most 
uniform temperature distribution along 
the specimens. It is estimated that the 
maximum spatial temperature deviation 
was +4 F and that the accuracy of the 
indicated temperature was +3 F. 
During the test program simultaneous 
readings of temperature and resonant 
frequency were made while the speci- 
mens were continuously heated at a 
nominal rate of 12 F per min. In most 
instances densities of the test specimens 
were obtained by using the method of 
mea’ vring the loss of weight in liquid. 


Test RESULTS 


Commercial Alloys and Pure Metals: 


The effect of elevated temperature on 
the dynamic modulus of the commercial! 
alloys and pure metals is presented 
graphically in Figs. 2 to 8. Insofar as 
practicable, related alloys and pure 
metals are grouped together. 

Figure 2 shows the plot of dynamic 
elastic modulus versus temperature for 
pure aluminum and 2024-T4 and 7075 
T-6 aluminum alloys. The effect of 
alloying additions in raising the modulus 
can be seen. The curve of modulus versus 
temperature for 2024-T4 shows an up- 
ward break in the curve at approxi- 
mately 500 F. Since this inflection was 
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unexpected, three specimens were tested 
in order to establish the validity of the 
results. The cause of the discontinuity 
is probably associated with aging, ag- 
glomeration, or solution of the precipi- 
tated phases, but further investigation 
of the phenomenon was beyond the 
scope of the original program. 

In Fig. 3 the effect of temperature on 
the dynamic modulus of titanium and 
titanium alloys is shown. The room-tem- 
perature dynamic modulus of the iodide 
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which is probably associated with the 
high hydrogen content of the material 
used. The solubility of hydrogen in a- 
titanium below 257 F has been shown to 
be between 0.001 and 0.0029 per cent by 
weight (6). Metallographic examination 
confirmed the presence of two phases, 
a-titanium and hydride, at room temper- 
ature. The transformation temperature 
from the two-phase region to the single 
phase of a-titanium is shown by Hansen 
(6) to be about 275 F for a binary tita- 
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Fic. 3.—Effect of Temperature on the Dynamic Moduli of Iodide Titanium and Titanium Alloys. 


titanium, as obtained in this program, 
appears quite low when compared to 
values appearing in the literature. The 
low value is probably attributable to 
voids which could be seen in the micro- 
structure. These voids were presumably 
due to gaps left between crystals during 
the growing process. The voids were not 
sufficient to lower the density of the 
material, which was found to be identical 
to that of the Ti-75A and the same as 
the handbook value for titanium. The 
modulus versus temperature curve for 
Ti-75A (which was from an early heat, 
about 1954) exhibits an inflection in 
the temperature range 250 to 400 F, 


nium-hydrogen alloy containing 0.03 per 
cent by weight hydrogen. The inflection 
in the curve is probably associated with 
the change from a two-phase to a single- 
phase material. The discontinuity in the 
modulus versus temperature curve for 
B-120 VCA is associated with aging of 
the specimen. Aging another specimen 
of the “as-received” material at 900 F 
for 48 hr raised the room-temperature 
modulus from 14.18 X 10° psi to 16.12 X 
10° psi, and eliminated the inflection. 
The modulus versus temperature 
curves for one plain carbon and a group 
of low-alloy steels are shown in Fig. 4(a). 
The SAE 1020, SAE 4130, and Peerless 
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56 steels all exhibit smooth decreases in 
modulus with increasing temperature. 
These materials were stable over the 
temperature range investigated because: 
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effects were not realized at the maximum 
test temperature. The curves for SAE 
4340, LaBelle HT, and Vascojet 1000 
all exhibit inflections which are attrib- 
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(a) Plain carbon and low-alloy steels. 
(b) Stainless steels and an iron-base super alloy. 


Fic. 4,—Effect of Temperature on the Dynamic Moduli of Steels. 


(1) the SAE 1020 was tested in the warm 
rolled condition; (2) the SAE 4130 was 
tempered at 850 F; (3) the Peerless 56 
was tempered at 1000 F; and (4) under 
the continuous heating test conditions 
used in this program, tempering or aging 


uted to tempering effects: (1) The SAE 
4340 which was tempered at 400 F 
exhibits a discontinuity at approximately 
600 F; (2) the LaBelle HT, tempered at 
500 F, shows a discontinuity at about 
800 F; and (3) the Vascojet 1000, tem- 
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pered at 1000 F, exhibits an inflection at 
about 1150 F. 

Figure 4(6) shows the effect of elevated 
temperatures on the dynamic modulus 
of a group of stainless steels and the iron- 
base super alloy A 286. The type 410 
stainless steel which was tempered at 
1075 F displays a fairly smooth modu- 
lus versus temperature curve. The pre- 
cipitation hardening stainless steels, 17- 
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versus temperature curve for electro- 
lytic nickel shows a pronounced hump 
over the temperature range from about 
350 to 750 F. The reason for this behavior 
is not known but may be associated with 
magnetic properties. 

In Fig. 7 modulus versus temperature 
curves for three unrelated alloys are 
presented. These alloys did not fall 
logically into any of the other groups of 


6 
34x10 
32 
30 
28 
3 
2 26 
K 
24 
E 
22 
—o— Nimonic 90 
---0--- Waspaloy 
—-e—- Electrolytic Nickel 
— 


7PH, PH 15-7Mo, and AM 350, all show 
a tendency for the modulus versus tem- 
perature curve to break downward in 
the vicinity of the aging temperature. 
The A 286 alloy, which was aged at 
1350 F, displays an almost linear de- 
crease in modulus with increasing tem- 
perature up to 1400 F. 

Dynamic modulus versus temperature 
curves for electrolytic nickel and a group 
of nickel-base alloys are shown in Figs. 
5 and 6. The nickel-base alloys display a 
rather stable behavior over the range of 
temperatures. However, the modulus 
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Fic. 5.—Effect of Temperature on the Dynamic Moduli of Electrolytic Nickel and Nickel-Base 
Alloys. 


materials. Invar, which is a low expan- 
sion alloy, exhibited a linear positive 
temperature coefficient of modulus of 
0.0047 X 10° psi per deg Fahr in the 
temperature range from room tempera- 
ture to 400 F. This behavior is attributed 
to the material’s ferromagnetic behavior 
which disappears beginning in the range 
325 to 400 F. At higher temperatures, 
the normal decreases of modulus with 
increasing temperature is evidenced. The 
beryllium-copper material investigated 
in this program was an experimental 
composition with a considerably lower 


& 
Sn, 
i] 


beryllium content than the conventional 
alloy (refer to Table I). Heat treatment 
of this material had little effect on the 
dynamic modulus. S-816 was the only 


we 


Dynamic Elastic Modulus, psi 


cobalt-base alloy investigated in this 
program. The dynamic modulus versus 
temperature behavior of unalloyed tung- 
sten, molybdenum, and beryllium is 
shown in Fig. 8. The maximum test 
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temperature for molybdenum and tung- 
sten was limited to 1400 F because the 
specimen-holding screws were loosened 
by thermal expansion. 
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(a) Inconel. 
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(b) Udimet and Hastelloy alloys. 
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Fic. 6.—Effect of Temperature on the Dynamic Moduli of Nickel-Base Alloys. 


Experimental Vanadium-Titanium Al- 


loys: 


In Fig. 9 it is seen that only a slight 
difference in the moduli of calcium- 
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reduced vanadium and aluminothermic modulus versus composition for room 
vanadium was found over the tempera- temperature, 300, 600, 900, and 1200 F, 
ture range studied, even though the together with room-temperature modu- 
materials had two markedly different lus results of titanium-vanadium alloys 
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Fic. 7.—Effect of Temperature on the Dynamic Moduli of S-816, Invar, and Beryllium-Copper. 
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Fic. 8.—Effect of Temperature on the Dynamic Moduli of Unalloyed Tungsten, Molybdenum 
and Beryllium. 


structures. The calcium-reduced vana- determined by Graft et al (5). While 
dium had a_ cold-worked structure increasing titanium contents lower the 
whereas the aluminothermic vanadium modulus both at room temperature and 
was recrystallized. at elevated temperature, the alloy addi- 
Figure 10 shows isothermal plots of tions do not measurably affect the slope 
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of the modulus versus temperature curves 
(Fig. 9). The modulus of iodide titanium 
was found to be considerably lower than 
that of the Ti-75A alloy over the entire 
temperature range. However, the de- 
crease in modulus with increasing tem- 
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> 

hibit a relatively small decrease in 
modulus with increasing temperature. 

An interesting empirical correlation 
has been used by Cummings and Stulen 
(7), which relates the modulus of elastic- 
ity to density, atomic weight, and 
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Fic. 9.—Effect of Temperature on the Dynamic Moduli of Vanadium, Titanium, and Vanadium- 


Titanium Alloys. 


perature was somewhat greater for 
Ti-75A. 

The relatively small decrease in mod- 
ulus cf vanadium with increasing tem- 
perature is characteristic of the other 
group 5A refractory metals—tantalum 
and columbium. Although titanium addi- 
tions lower the modulus below that of 
pure vanadium, it is encouraging to note 
that vanadium-titanium alloys still ex- 


absolute melting point by the following 
equation: 


Fin 


where: 
E = modulus of elasticity in psi X 10~, 
T» = melting point temperature in de- 
grees Rankine, 


p = density in grams per cu cm, 
A = atomic weight, and 
ko = coefficient depending on lattice 


structure. 


The empirically determined values of ko 
are: 0.059, face-centered cubic; 0.085, 
body-centered cubic; 0.051, hexagonal 
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experimental and calculated values of E 
are realized. For example, if ko for hex- 
agonal close-packed rather than ko for 
body-centered cubic is substituted in the 
case of columbium, tantalum, and va- 
nadium the calculated modulus values 
agree fairly closely with experimental 


close-packed; and 0.102, hexagonal. Good 
agreement between the calculated and 
experimental values of E at room tem- 
perature have been found for Ag, Al, Au, 
Be, Ca, Co, Cr, Cu, Fe, Mg, Mo, Ni, 
Pb, Pd, Pt, Te, Ti, W, and Zr. Notable 
exceptions include Cb, Cd, Rh, Ru, Ta, 
and V. For these latter cases, if values 
of ko other than that of the known 
structure are substituted in the equation, 
surprisingly good agreement between 


Fic. 10.—Isothermal Plots of Dynamic Modulus Versus Titanium Content. 
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Earlier work of Graft et al (5) on titanium-vanadium alloys shown for comparison purposes. 


values. No reason has been given for this 
fortuitous behavior. 

This empirical relationship has been 
satisfactorily applied to vanadium and 
vanadium-titanium alloys, the constant 
ko having been eliminated by determin- 
ing the ratio of E (vanadium) to E 
(vanadium-titanium alloy) rather than 
calculating absolute values. This treat- 
ment assumes that ko does not appre- 
ciably change as a result of the titanium 
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solid solution additions. The equation 


used is of the form: 


E (vanadium) 
E E (alloy) 


where A (alloy) = (XyAy + XvwiAvi), 
Xy and Xy; being the atom fractions of 
vanadium and titanium respectively. 
The values of temperature were taken 


Since the modulus versus temperature 
curves for the vanadium and vanadium- 
titanium alloys are nearly parallel, the 
experimental ratio of Ey to Estoy for a 
given alloy at a particular elevated 
temperature is quite close to the ratio 
at room temperature. If the density of 
pure vanadium and the vanadium-tita- 
nium alloys changed proportionally with 
temperature, then ratios at elevated 
temperatures calculated using Eq 5 could 
be expected to agree fairly closely with 


TABLE III.—ROOM-TEMPERATURE PROPERTIES OF VANADIUM, 
TITANIUM, AND VANADIUM-TITANIUM ALLOYS. 


from the vanadium-titanium phase dia- 
gram as reported by Hansen (6). The 
melting point of vanadium, as given by 
this diagram, is 3452 F, and the temper- 
ature values used for the various alloys 
were taken from the solidus curve. The 
calculated and experimentally deter- 
mined ratios at room temperature are 
shown in Table III and it is seen that 
quite good agreement is realized be- 
tween the two sets of values. The devia- 
tion between the measured and calcu- 
lated ratios increases with increasing 
titanium content, the variation being 
about 1 per cent for V-8Ti, and about 
5 per cent for V-48Ti. 


Deviation® 
i Vickers Dynamic Modulus, | Density, Ib | Ev/Eatloy, | Ev/Eattoy 
Material ee psi . per cu in. | measur Be[Eptton, lated Ra- 
tios, per 
cent 
Calcium-reduced vana- 

Aluminothermic vana- 

223 17.28 0.213 1.082 1.070 
278 15.59 0.200 1.200 1.182 1.50 
258 14.86 0.193 1.260 1.234 2.06 
250 13.79 0.188 1.359 1.286 5.37 
Iodid titanium........... 84 12.45 0.163 
290 15.93 0.163 
Ti-75A (extrapolated) 

from higher tempera- 

Per cent deviation defined as wood sate xX 100. 
measured ratio 


the corresponding experimentally de- 
termined ratios. 

Therefore, for this particular binary 
system it is possible to determine with an 
estimated 90 per cent accuracy the modu- 
lus of elasticity as a function of tempera- 
ture for any vanadium-titanium alloy 
up to 48 per cent by weight titanium, 
knowing only the variation of modulus 
of pure vanadium with temperature, and 
pertinent phase diagram data. If the 
density of the alloys at room temperature 
could not be readily measured, reason- 
able estimations could be made. In 
addition, the assumption would have to 
be made that the density of the pure 
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vanadium and that of the alloys changed 
proportionally with temperature. 

While application of this empirical 
correlation has proven quite successful 
in the case of binary vanadium-titanium 
alloys, it is not to be implied that such 
good agreement will be found in all 
binary systems. However, another ex- 
ample of a binary system showing fair 
agreement between measured ratios and 
calculated ratios is the Cr-Fe system 
(8). An addition of 40 per cent by weight 
of iron to chromium lowers the modulus 
of elasticity at room temperature from 
42 X 10° psi to 33.5 X 10° psi, giving a 
ratio of Eor/Eatoy of 1.254. The calcu- 
lated ratio, using Eq 5, is 1.177. 


SUMMARY AND CONCLUSIONS 


1. This investigation demonstrated 
that the elastic moduli of metals may be 
determined dynamically at elevated 
temperatures by using longitudinal reso- 
nant frequency measurements. This 
method was employed in establishing 
the elevated temperature dynamic mod- 
uli of 45 metals and alloys reported 
herein. A room-temperature comparison 
of dynamic and static moduli has been 
presented for most of the materials in- 
vestigated. 

2. This simple and straightforward 
method of determining dynamic modulus 
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requires only one specimen for a com- 
plete modulus-temperature plot. It has 
provided reproducible modulus data 
which, in some cases, indicate a sensi- 
tivity to structural changes taking place 
in a material. 

3. The temperature-dependence of the 
elastic modulus in a series of experimen- 
tal vanadium-titanium alloys has been 
determined. Additions of titanium to 
vanadium (up to 48 per cent by weight 
titanium) lowered the modulus of binary 
alloys below that of pure vanadium, both 
at room temperature and at elevated 
temperatures. The titanium additions 
did not, however, affect the slope of the 
modulus versus temperature curve. An 
empirical correlation relating modulus to 
density, atomic weight, and the absolute 
melting point was applied successfully 
to the vanadium-titanium alloys. The 
calculated ratios of E (vanadium) to E 
(alloy) at room temperature were found 
to agree closely with the corresponding 
ratios determined using experimental 
modulus results. 
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Mr. SAM SPINNER.'—The authors in- 
dicated that the upper limit at which 
they stopped making determinations was 
due to some kind of experimental failure. 
However, I noticed that with certain 
materials they were able to go further 
than others, suggesting that some mate- 
rials actually continue to give responses 
where other metals stopped at an earlier 
stage. Was that correct? 

Mr. K. D. (author) —Actu- 
ally on the materials in which oxidation 
is not a problem, materials that are 
usually used in an oxidizing atmosphere 
anyway, the furnace is opened for a 
short time and the screws are tightened 
before they become loose; then we were 
able to continue on to higher tempera- 
tures. 

Mr. SPINNER.—Certain vanadium 
alloys went to around 1400 F and others 
stopped about 200 F lower. 

Mr. Suimmin.—This is true. The 
vanadium-titanium alloys were run in 
an inert atmosphere, and in some cases 
we did get a loosening of the fixture, the 
specimen fell out of position, and the test 
had to be discontinued. In some cases 
this did not happen so we were able to 
go up to a higher temperature. 

Mr. SpInNeR.—Is there any possi- 
bility that at a high enough temperature 
the specimens themselves failed to re- 
spond due to internal friction at these 
(elevated) temperatures? 

Mr. Suimmin.—Our limit is probably 
1800 F. At 1800 F, no matter what we 


1Ceramic Engineering Section, National 
Bureau of Standards, Washington, D. C. 


DISCUSSION 


do, we tend to lose the signal and that is 
the upper temperature limit. 

Mr. SpINNER.—After you measured 
at elevated temperature and then came 
back to room temperature, was any 
change in frequency detected? In other 
words, did the heating itself change the 
specimens significantly? 

Mr. SHIMMIN.—We did not mention 
it in the paper, but in some cases we 
actually took readings during heating 
and during cooling. Tests on some speci- 
mens show a difference due to the aging, 
or other metallurgical changes which 
take place. In these cases a permanent 
change in room temperature resonant 
frequency is observed. 

Mr. Donatp R. Ers.2—What is the 
accuracy of reproducibility between two 
or possibly three specimens of the same 
material at a given temperature using 
this experimental equipment? 

Mr. would depend 
to a certain extent on the material. The 
curve for 2024 aluminum is actually 
made up of the results of three tests, 
and the points are shown on this curve. 
In this case there is a discontinuity in 
the curve since heating rates are only 
nominal value and there is some effect on 
the scatter in the curve due to longer or 
shorter times in reaching the tempera- 
ture where the aging takes place. On a 
stable material we can come back down 
to room temperature and the next day 
get exactly the same value. 


2? Engineering Manager, Instron Engineering 


Corp., Canton, Mass. 
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APPLICATION OF RABOTNOV’S CREEP PARAMETER* 


By Rosert M. Go.pHorrF 


Many machine components, though 
not creep-limited in design, are subject 
to deformation limits in specified design 
times. The design procedure usually 
requires knowledge of the creep charac- 
teristics of materials under consideration. 
This is normally obtained in the familiar 
creep apparatus using uniaxial tension 
and can be a highly time-consuming 
process. Methods whereby the minimum 
creep data can be used to extrapolate 
to longer times are needed. One such 
method is that proposed by Rabotnov 
(1),? and its application is the subject of 
this paper. 


RABOTNOV’S CONCEPT 


Several basic methods for correlating 
creep data have been proposed, and 
Manson (2) has discussed these briefly. 
The “K factor” method of Shepard (3) 
attempts to reduce a family of isothermal 
creep curves at various stresses to a 
single curve by simply multiplying the 
time scale for each curve by a constant. 
Applications of this method have shown 
tendencies for large errors and not wholly 
satisfactory results. The “@ factor” 
method proposed by Dorn (4) suggests 
that a family of isostress creep curves 
can be brought into coincidence by 
plotting strain versus a temperature- 

* Presented at the Sixty-fourth Annual Meet- 
ing of the Society, June 25-30, 1961. 

1 Applied Research Metallurgist, Large Steam 
Turbine-Generator Dept., Materials and Proc- 
esses Laboratory, General Electric Co., Schen- 
ectady, N. Y 


2 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


modified time. This process can be 
carried one step further by recognizing 
the time-temperature parameter as a 
function of stress. Then the familiar 
master curve of stress versus time- 
vemperature parameter for constant 
strain results (Fig. 1). This method is 
subject to the numerous assumptions 
inherent in the time-temperature pa- 
rameter. Most of these have been thor- 
oughly discussed previously, the chief 
objection being the unknown factor of 
metallurgical instability in long times 
and at excessive temperatures. 

Rabotnov’s method derives from 
Soderberg’s (5) theory in which creep is a 
function of plastic strain (€,), stress (c), 
and time 


(ep, = 1) 
The variant proposed is: ‘ 


where ¢ is now total strain. 

To facilitate computation, the con- 
ventional family of creep curves is re- 
drawn in the coordinates of stress and 
strain for definite values of time as 
shown in Fig. 2(a). This procedure has 
an immediate interest for those con- 
cerned with design, because the compu- 
tations for structural parts normally 
involve the determination of stresses for 
fixed values of strain and time. 

As in the previous methods discussed, 
Rabotnov found that the isochronous 
creep curves are similar, that is, they can 
be obtained from one curve by multiply- 
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ing its ordinates by a constant which is 
a function of time. Returning to Eq 2, 
it is seen that the dependence of stress on 
deformation and time can be treated 
as a product of two functions, which in 
turn are functions of deformation and 
time only: 


Now if it is assumed that 2(o0) = 1, then 
¢(e) will describe the stress-strain dia- 


€= Constant Deformation Strain 


Stress, 


Time-Temperature Parameter 


Fic. 1.—Method of Presenting Creep Data 
by Plot of Stress Versus Time-Temperature 
Parameter. 


gram approximated by the short-time 
tension test at a like temperature. This 
is illustrated in Fig. 2(d). 

Upon examination of many iso- 
chronous families of creep curves, 


Rabotnov proposed the following equa- 
tion: 
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In Eq 5, a is said to fluctuate about 
0.7, while 8 is highly dependent on the 
material being investigated. For applica- 


tion purposes, the form 


1 
(a) 
b ‘a 


t= Constant Time 


Total Strain, « 


ole J=Tension Curve 
(6) 


Stress, o 


t= Constant Time 


Total Strain, 


Fic. 2.—Method of Presenting Creep Data 
by Plotting Isochronous Creep Curves. 


can be used, and this leads to the final 
expression: 


= + af).......... (7) 


Turner and Blomquist (6) studied this 
method with reference to data on an 
alloy of 24S-T aluminum. The actual 
mechanics of the parameter application 
are well outlined in that work. If 6 can 
be assumed from Rabotnov’s work, then 
values for both ¢(e) and a, which are 
dependent on strain, must be known if 
the method is to be used for generating 


| 

/ 

@ h 

where 

7" 

Gi) = (4) 


any one of a particular family of iso- 
chronous creep curves. If the tension 
stress-strain curve is available, ¢(e) is 
assumed to be the value of ¢ on this curve 
corresponding to a pertinent strain level. 
The value of a for the same strain can 
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values of both ¢(€) and a. It is possible 
in this way to generate the master curve 
¢(e), and it should closely approximate a 
the tension stress-strain curve. The 
remainder of this paper is devoted to 
testing the accuracy of this method. 
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then be calculated using Eq 7 provided 


one other isochronous creep curve is 
known. Armed with these values, it is 
now theoretically possible to calculate 
the creep stress for any time leading to 
the given deformation at the tempera- 
ture being studied. In the absence of the 
tension stress-strain curve, a pair of 
simultaneous equations of the form of 
Eq 7 can be developed from any two 
isochronous curves, and these will yield 


Fic. 3.—Isochronous Creep Curves, Cr-Mo-V Steel, 1050 F. 


relation? 


APPLICATION OF THE PARAMETER 

The following questions are to be 
considered : 

1. Can creep data from varying types 
of materials be correlated by this » 
method? 

2. If so, how sensitive is the method _ 
with respect to the correlating functions? _ 

3. Is the short-time tension curve 
reliable as a master curve for the cor- 
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4. What is the potential of this method 
for design use? 


Choice of Data: 


Data from the following types of 
materials from this laboratory as well 
as those obtained from a literature 
search were studied: 

(a) a heat-treatable ferritic steel 
(1 Cr, 1 Mo, + V) tested at 1050 F} 


160000, 
@- 
©- 200hr 
x - 500 hr 
140000}- Calculated Points 
From Table 
120000 
Tension 
100000 
80000 
n 
60000 
10 hr. a 
100hr,, 
40000 
200hr 
20000 500 hr 
02 04 06 08 10 


Total Strain, per cent 


Fic. Creep Curves, Crucible 
422 Steel, 1 


(b) a 12 per cent Cr alloy (Type 
Crucible 422) tested at 800, 1000, and 
1200 

(c) an austenitic steel (Type A-286) 
tested at 1200 and 1300 F,° 

(d) a light alloy typified by magne- 


3 Materials and Processes Laboratory, Gen- 
eral Electric Co., Schenectady, N. Y 

*Am. Soc. Metals Handbook Committee on 
Wrought and Heat Resistant Steels, P. Payson. 

5 Am. Soc. Metals Handbook Committee on 
Wrought and Heat Resistant Steels, E. E. 


Reynolds. 


GOLDHOFF ON APPLICATION OF RABOTNOV’S CREEP PARAMETER 


sium tested as sheet at 300 F and as 
extrusions at 200 F,*® 

(e) plastics as represented by canvas 
laminate and nylon tested at 77 F,’ and 

(f) a precipitation-hardening steel alloy 
(17-7 PH type, 1050 TH condition) 
tested at 900 FS 

Typical isochronous data from a, 8, e, 
and f are shown in Figs. 3 to 6. Short- 
time tension data are included where 
available. Complete stress-strain data 
are given in Table I. 


Fit of Data: 


Examination of Eq 7 shows that in 
the absence of a tension curve, the data 
fit depends on the three quantities $(«), 
b, and a. Each set of data was analyzed 
to find the best values of these quantities 
for predetermined strain levels. To 
accomplish this, a least-squares method 
of predicting the coefficients was chosen 
for machine programming. Use was made 
of the fact that the m» simultaneous 
equations developed are linear in ¢$(e) 
and a, although nonlinear in 6. Hence, 
by assuming a value for 6, the corre- 
sponding solutions for ¢(e) and a can be 
obtained. By incrementing 6 and reduc- 
ing the sum of the squares of deviations 
between actual and prédicted stress values 
to a minimum, the best combination of 
$(e), a, and b were determined. These are 
compiled in Table I. The best values of 
constants appear to be strain-, tempera- 
ture-, and material-dependent. Where 
tension data are available, in general, the 


H. Baker, ‘““Tensile and Creep Properties at 
Elevated Temperatures of Some Magnesium- 
Base Wrought Alloys,” Proceedings, Am. Soc. 
Test Mats., Vol. 54, p. 1068 (1954). 

7W. N. Findley and D. B. Peterson, ‘“‘Pre- 
diction of Long-Time Creep with Ten-Year Data 
on Four Plastic Laminates,’ Proceedings, Am. 
Soc. Testing Mats., Vol. 58, p. 841 (1958); J 
Marin, A. C. Webber, and G. F. Weissmann, 
“Creep-Time Relations for Nylon in Tension, 
Compression, Bending, and Torsion,”’ ]bid, Vol. 
54, p. 1313 (1954). 

8 Am. Soc. Metals Handbook Committee on 


Wrought Heat Resistant Steels, W. C. Clarke 


= 


best values of ¢(€) do not correspond with 
the values taken therefrom. However, 
it was noted that for the values of $(e) 
which most closely correspond to the 
tension data the solution for d is nearly 
always in the vicinity of 0.30 to 0.33. 
Hence, it appears that Rabotnov’s 
criteria established in accordance with 
Eqs 4 and 5 are valid. The best correlation 
will be sacrificed in order to incorporate 
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ing curves were predicted. In the ab- 
sence of tension data, two widely sepa- 
rated isochronous curves were chosen 
and the master curve generated. Again, 
the remaining curves were predicted. 
Comparison between predicted and 
actual stresses, along with percentage 
errors in prediction, are shown in Table 
II. Some graphical comparisons of 
actual curves and estimated points are 


values of ¢(e) for selected strains were 
observed, and, in conjunction with a 
median isochronous curve, the remain- 
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Fic. 5.—Isochronous Creep Curves, Nylon, 77 F. 
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deviations between predicted and actual / 
values. 60000 
To check the accuracy of interpolation 3% / of 
and extrapolation of the isochronous / aie 
creep data by this method, the value of ] 
b = 0.33 was used for the metallic alloys / _ 
(excluding 17-7 PH) and 6 = 0.10 for 20000 vA : 
the plastic materials and for 17-7 PH. y 
Where tension data were available, j 
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TABLE I.—RESULTS OF STATISTICAL COMPUTATION OF CONSTANTS 
IN RABOTNOV’S EQUATION, ¢(6) = o(1 + at®). 


Total o(e) 
Alloy Strain, (e) 6 a (Tensile b a 
per cent Data) 
Low Alloy Steel (1050 0.05 9 500 0.40 0.037 10 250 0.32 0.08 
F) 0.10 18 597 0.38 0.049 20 500 0.30 0.11 
0.20 33 152 0.32 0.094 41 250 | >0.30 ; 
0.30 38 657 0.34 0.072 53 000 | >0.30 
Crucible 422 (800 F) 0.20 46 185 0.44 0.038 55 000 0.30 0.12 
0.40 92 592 0.42 0.041 96 300 0.38 0.056 
0.60 120 600 0.54 0.012 125 000 0.42 0.028 
Crucible 422 (1000 F) 0.20 51 102 0.28 0.88 49 900 0.30 0.63 
0.40 113 094 0.28 1.00 79 400 0.32 0.53 
0.60 181 906 0.24 1.35 103 600 0.30 0.48 
0.80 60 483 0.52 0.030 128 500 | >0.30 —— 
Crucible 422 (1200 F) 0.20 17 585 0.50 0.086 28 700 0.30 0.56 
0.40 44 305 0.30 0.688 41 870 0.30 0.68 
0.60 69 184 0.28 1.04 47 130 0.32 0.46 
A-286 (1200 F) 0.50 87 205 0.28 0.195 83 600 0.30 0.16 
1.00 92 846 0.28 0.176 
2.00 98 613 0.26 0.206 
3.00 103 663 0.24 0.251 
A-286 (1300 F) 0.50 96 890 0.28 0.557 81 600 0.32 0.352 
1.00 101 190 0.28 0.484 
2.00 93 760 0.30 0.365 ies 
3.00 95 555 0.30 0.367 
Mg Sheet (300 F) 0.10 4 720 0.64 0.176 
0.50 13 426 0.42 0.331 
1.00 13 166 0.50 0.149 
Mg Extrusion (200 F) 0.10 6 843 0.34 0.120 
0.50 17 054 0.32 0.103 - 
1.00 22 300 0.24 0.180 
Canvas Laminate (77 0.20 2 070 0.14 0.460 
F) 0.50 3 340 0.16 0.151 
1.00 5 816 0.12 0.220 
1.50 7 334 0.12 0.180 
Nylon (tension) (77 F) 0.50 995 0.18 0.153 
1.00 1 998 0.14 0.298 
1.50 2 736 0.14 0.281 
Armco 17-7 PH (950 0.20 30 973 0.32 0.097 43 000 0.16 0.497 
) 0.40 41 309 0.38 0.059 85 700 0.10 1.03 
0.60 47 927 0.42 0.046 102 000 0.12 0.80 
0.80 54 876 0.38 0.064 109 000 0.10 1.07 


shown in Figs. 3 to 6. The predictions are 
quite good, with maximum errors being 
about +5 to 8 per cent. Exceptions to 
this occur with the low-alloy steel at 


the 0.2 and 0.3 per cent strain levels, 
the magnesium sheet alloy at 0.1 per 
cent strain, and the 17-7 PH alloy. For 


the low-alloy steel particularly, the 


2 
912 
| 
e 
: 


errors have a fairly definite trend. The 
following section inquires into this 
matter. 


Miscellaneous Considerations: 


A well-known effect is that of strain 
rate in tension testing. Generally, in- 
creasing the strain rate causes displace- 
ment of stress to higher levels for the 
same strain. This effect is highly depend- 
ent on the temperature. Where tension 
data are shown in this report, they are 
for test times of about 2 min to attain 
the total strain shown. Any large dif- 
ference due to strain rate could affect the 
use of the tension data for a master 
curve in this correlation. Tension tests 
were performed on the low-alloy steel at 
1050 F in times ranging from 30 sec to 
15 min up to 1.0 per cent strain. The 
curves for 2 and 15 min are shown in 
Fig. 3. From this work, it appears that 
times between 30 sec and 4 min gave 
essentially identical curves. In the useful 
creep temperature range, this should 
serve for a short-time tension curve for 
most materials. 

A valid consideration is what effect 
could the use of various isochronous 
curves in conjunction with a tension 
curve have on predicted results? Again, 
for the low-alloy steel at 0.1 per cent 
strain the values of a and the 10,000-hr 
strength were calculated using each 
curve in turn. The results are shown in 
Table III. It is apparent that the use of 
short-time curves will lead to appreciable 
errors in long-time prediction for this 
alloy at 1050 F. Curves of 100 hr and 
above will predict the 10,000-hr strength 
accurately but in so doing will compro- 
mise the shorter-time predictions. This 
may be a function of the particular set 
of data, because reference to Table I 
shows that this does not seem to be a 
general trend for the data treated. 
Further, the errors for estimating this 
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set of data increase with the strain level, 
which is not a general trend for the 
various data considered. 

This leads to an inquiry as to the 
sensitivity of the method to the value of 
exponent 6 and also to the relative merit 
of developing a master curve from the 
creep data, as opposed to the use of the 
tension curve. To this end, the data of 
the low-alloy steel and nylon were re- 
treated using other values of 5. For the 
steel, 6 was changed from 0.33 to 0.30, 
while for the nylon a new value of 0.30 
for 6 was used. The results of this analysis 
are shown in Table IV. By comparison 
with Table I, it appears that the plastic 
is quite insensitive to large changes in 
b, whereas the low-alloy steel shows 
considerable improvement for a small 
change in 6. Nevertheless, in the latter 
case the error increase with strain level 
persists. In addition, the errors do not 
appear to be random. 

Next, the master curve is developed 
for the low-alloy steel data by using the 
10-hr and 1000-hr creep curves and both 
values of 6 used previously, that is, 0.30 
and 0.33. Table V shows this result. For 
this set of data, the calculated master 
curve deviates to a large degree from | 
the tension curve as the strain increases. _ 
As might be expected, it is closer to the — 
values predicted by the least-squares 
analyses. Finally, the creep curves were 
estimated using the apparently most ideal 
case in which the master curve is de- | 
rived from creep data and the value — 
of b is 0.30. The comarison is shown in | 
Table VI, and the improvement is 
noteworthy. Even though the error in 
extrapolation to 10,000 hr is of the same 
order of magnitude (5 to 10 per cent), 
the predictions appear to have random 
errors. The values from Table VI for 
0.3 per cent strain are plotted in Fig. 3, 
and the comparison between actual and 
calculated values is seen to be good. 
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TABLE II.—COMPARISON OF ESTIMATED AND ACTUAL CREEP STRESSES 
BASED ON THE USE OF RABOTNOV’S PARAMETER. 


Error, 
Strain, Calculated Actual Stress, 
All Time, hr | Fact/ Fact . 
per cent Stress, psi ~ 
Low-Alloy Cr-Mo-V, 1050F 0.05 1 9 520 9 200 +3.49 
(based on tension curve and 10 8 860 8 700 +1.84 
1000-hr curve, b = 0.33) 30 8 400 8 300 +1.20 
100 7 700 7 700 0 
300 6 960 6 900 +0.87 
3 000 5 070 5 100 —0.59 
10 000 4 060 3 800 +6.85 
0.10 1 18 900 17 700 +6.77 
10 17 200 16 600 +3.60 
30 16 150 15 800 +2.17 
100 14 600 14 600 0 
300 12 900 13 200 —2.27 
3 000 9 050 9 200 —1.63 
10 000 7 050 7 200 —2.08 
0.20 1 33 800 31 100 +8.7 
=e ee! 10 31 900 27 100 +17.7 
30 29 300 25 500 +14.9 
100 25 700 23 200 +10.7 
eae a 300 22 300 21 300 +4.69 
2 ts 3 000 14 750 14 800 —0.33 
10 000 11 250 11 900 —5.46 
=! 0.30 10 40 700 33 900 +20.0 
30 37 100 31 200 +18.9 
100 32 300 27 800 +16.2 
7 300 27 500 25 500 +7.84 
3 000 17 700 18 700 —5.35 
10 000 13 400 14 300 —6.30 
Crucible 422, 800 F (based on 0.20 10 44 400 41 800 +6.2 
tension curve and 100-hr 200 33 400 32 500 +2.8 
curve, b = 0.33) 500 29 200 29 300 -0.3 
0.40 10 83 500 83 500 0 
200 68 100 66 500 +2.4 
500 61 600 59 500 +3.5 
0.60 10 115 400 115 600 —0.17 
200 102 000 98 750 +3.3 
500 95 800 89 750 +7.0 
Crucible 422, 1000 F (based on 0.2 10 19 500 19 100 +2.1 
tension curve and 100-hr 200 10 200 10 500 


curve, b = 0.33) 


|| 
: 0.4 10 38 100 39 100 —2.5 
200 20 200 21 000 =$8 
; 500 15 900 16 900 -5.9 
bots af 0.6 10 54 700 54 700 0 
: 200 30 200 31 200 -3.2 
; 500 24 100 26 200 -8.0 
; 0.8 200 39 900 39 100 +2.0 
500 32 000 34 300 -6.7 


TABLE I1.—Continued. 


Strain, . Calculated Actual Stre: 
Alloy per cent Time, hr Stress, psi psi ms ag ’ 
Crucible 422, 1200 F (based on 0.20 10 14 900 13 810 +8.0 
tension curve and 100-hr 200 8 200 7 800 +5.1 
curve, b = ee 500 6 540 6 050 +8.3 
a 0.4 10 19 200 18 700 +2.7 
ay 200 10 000 10 000 ae 
500 7 850 8 200 —4.3 
0.6 200 12 300 12 400 -0.8 
im & 500 9 730 10 000 -2.7 
A-286 1200 F (based on tension | 0.5 10 63 300 64 000 -1.1 
curve and l-hr curve, b = 100 49 500 50 800 —2.56 
0.33) 1 000 33 700 37 200 —9.4 
(based on 1-hr and 1000-hr 1.0 10 70 600 70 000 +0.86 
curves, b = 0.33) 100 58 000 56 400 +2.84 
2.0 10 73 500 72 000 +2.08 
100 60 600 58 400 +3.77 
3.0 10 74 600 72 400 +3.04 
100 61 500 58 800 +4.60 
0.5 10 46 200 50 000 —7.60 
100 32 400 33 900 —3.96 
1.0 10 53 400 53 500 —0.187 
100 37 000 37 900 —2.37 
2.0 10 54 000 55 500 —2.70 
100 38 400 39 200 — 2.04 
3.0 10 56 100 55 600 +0.90 
100 39 600 38 600 +2.59 
0.10 3 2 980 3 700 —19.4 
10 2 160 2 600 —16.9 
30 15 800 18 000 —12.2 
0.50 3 8 600 8 800 —2.27 
10 6 900 7 200 —4.16 
30 5 480 5 600 —2.14 
1.00 3 10 100 10 400 —2.88 
10 8 400 9 000 —6.67 
30 6 860 7 200 —4.72 
Mg Extrusion, 200 F (based on | 0.10 3 5 800 6 100 —4.92 
1-hr and 100-hr curves, b = 10 5 420 5 800 —6.55 
4 5 000 


ta 


| 
‘ 
— 
0.50 14 900 5 000 -0.67 ~~ 
10 14 100 14 000 +0.71 
30 13 100 13 000 +0.77 
300 10 400 10 400 0 
1.00 3 18 200 18 000 41.11 
10 17 100 17 000 +0.59 
30 15 900 16 000 —0.62 
300 12 450 13 100 —4.80 
Continued on p. 916 7 
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TABLE II.—Concluded. 
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Error, 
Time, hr ™ “cate act. 
Canvas Laminate, 77 F (based 0.20 0.1 1 415 1 570 —9.85 
on l-hr and 1000-hr curves, 10 1 240 1 250 —0.80 
b = 0.10) 100 1 085 1 120 —3.12 
10 000 800 770 +3.90 
0.5 0.1 2 920 3 030 —3.63 
10 2 720 2 730 —0.37 
100 2 540 2 530 +0.40 
10 000 2 100 2 000 +5.0 
1.00 0.1 4 800 4 980 — 3.62 
10 4 500 4 520 —0.44 
100 4 190 4 210 —0.43 
10 000 3 520 3 500 +0.57 
1.50 0.1 6 260 6 430 —2.65 
10 5 930 5 940 —0.17 
100 5 580 5 580 0 
10 000 4 800 4 750 +1.05 
Nylon 77F (based on 100-hr| 0.50 25 780 790 —1.27 
and 1000-hr curves, b = 0.10) 50 755 755 0 
300 695 700 —0.72 
500 680 680 0 
1.00 25 1 340 1 370 —2.20 
50 1 300 1 320 —1.51 
300 1 195 1 200 —0.42 
500 1 160 1 130 +2.66 
1.50 25 1 880 1 910 —1.57 
50 1 830 1 850 —1.08 
300 1 690 1 670 +1.20 
500 1 640 1 630 +0.61 
17-7 PH (TH-1050) 900F 0.2 1 26 600 27 700 —3.9 
(based on tension curve and 1 000 19 300 16 400 +17.7 
100-hr curve, b = 0.10) 
0.4 1 40 400 39 000 +3.6 
1 000 26 400 22 800 +15.8 
0.6 1 47 600 45 800 +3.93 
1 000 31 100 26 000 +19.6 
0.8 1 52 300 51 600 +1.35 
1 9000 34 400 29 100 +18.2 


In a number of creep laboratories, 
the method of testing leads more 
easily to a representation of the data in 
terms of time versus plastic strain rather 
than total strain. Curiosity led to the 
examination of the low-alloy steel data 
based on plastic strain. Elastic strain 
was simply subtracted from the tension 


curve and plotted along with plastic- 
strain creep data. The results of the 
standard analysis using such data are 
given in Table VII. Comparison with 
its counterpart reveals somewhat larger 
errors. It is likely that this procedure 


should be avoided, 
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TABLE III.—EFFECT OF VARIATION 
OF CONSTANT a ON PREDICTION OF 
10,000-HR DATA FOR LOW-ALLOY STEEL. 


Time |Estimated | Actual 
Curve | ="0.33) Strength 
1 | 0.157 | 4720 | 7200 | —34.4 
10 | 0.116 | 5900 | 7200 | —18.0 
30 | 0.097 | 6700 | 7200 —6.95 
100 | 0.088 | 7100 | 7200 -1.39 
300 | 0.086 | 7250 | 7200 +0.70 
1000 | 0.087 | 7200 | 7200 0 
3000 0.087 7200 7200 0 
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and temperature, will delineate the 
needed parameter range. Theoretically, 
using the low-alloy steel of Fig. 3. as an 
example, predictions of stresses for 
deformations up to about 0.5 per cent in 
100,000 hr over the temperature range 
900 to 1100 F should be obtainable within 
a few thousand hours test time. 
Experience has shown that metal- 
lurgical instabilities tend to cast doubt 
on the validity of trading time for 
temperature in testing over such a wide 


TABLE IV.—COMPARISON OF CREEP STRESSES FOR DETERMINATION 
OF SENSITIVITY TO CHANGES IN CONSTANT b. 


Error 
A Strain, Time, br Calculated Actual Stress, Cat ais. 
ey per cent Stress, psi psi a 
Low-Alloy Cr-Mo-V, 1050F | 0.05 10 8 700 8 700 0 

(based on tension curve and 30 8 200 8 300 —1.2 
1000-hr curve, b = 0.30) 100 7 550 7 700 —1.95 
300 6 850 6 900 —0.73 
3 000 5 120 5 100 +0.39 

10 000 4 200 3 800 +10.5 

0.30 10 39 100 33 900 +15.0 

30 35 400 31 200 +13.4 

100 31 000 27 800 +11.5 

300 26 700 25 500 +4.7 

3 000 17 800 18 700 —4.8 

10 000 13 900 14 300 —2.8 

Nylon, 77 F (based on 100-hr | 0.5 25 760 790 —3.7 
and 1000-hr curves, b = 0.30) 50 745 755 —1.32 
300 695 700 — 0.66 

500 680 680 0 

\ 1.00 25 1 320 1 370 —3.65 
- = 50 1 290 1 320 —2.27 
4 - Ca 300 1 210 1 200 +0.83 
500 1 180 1 130 +4.40 
; a} 1.50 25 1 850 1 910 —3.14 
« @4 50 1 810 1 850 —2.16 
300 1 700 1 670 +1.80 
500 1 660 1 630 +1.84 


THE DESIGN PROBLEM 


The specific design problem will be 
altered by the case considered. In general, 
the problem is one of extrapolation using 
the minimun data. Ideally, as shown in 
the time-temperature parameter evalua- 
tion of Fig. 1, a minimum of three tests, 
chosen judiciously with respect to stress 


range of variables. Consequently, ex- 
tremely long-time tests are conducted 
at low stresses and actual service temper- 
atures for adequate design precaution. 
While no actual comparisons are drawn 
here, it seems apparent that errors of a 
very small magnitude stem from extrap- 
olation by Rabotnov’s method, at least 
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under several qualifying circumstances. 
In essence, a single tension curve and a 
single creep curve under proper testing 
conditions could serve to generate the 
entire isochronous family of creep curves 
at a given temperature. A more realistic 
approach might be the determination of 


TABLE V.—COMPARISON OF ACTUAL’ 
AND ESTIMATED? VALUES OF FOR 
LOW ALLOY STEEL. 


in, b = 0.33 | = 0.30 
(tensile |%creep creep 
0.05 10 250 | 9940 | 10 250 
0.10 20 500 | 19 400 | 20 200 
0.20 41 250 30 700 31 800 
0.30 53 000 39 800 41 500 


* Derived from tension curve. 
+ Derived from 10-hr and 1000-hr creep 
curves. 


TABLE VI.—COMPARISON OF ESTI- 
MATED AND ACTUAL CREEP STRESSES 
FOR LOW-ALLOY STEEL.* 


or, 
30} 8 200} 8 300| —1.2 
100 | 7550| 77 -1.95 
300| 6850] 6900] —0.73 
3000} 5120} 5100) +0.39 
10 000 | 4 200} 3 800] +10.5 
0.30 30 | 31 800 | 31 200| +1.6 
100 | 28 900 | 27 800 | +3.95 
300 | 25 800 | 25 500 | +1.18 

3 000 | 18 700 | 18 700 0 
10 000 | 15 200 | 14 300| +6.3 


@ Based on 10-hr and 1000-hr curves, b = 0.30. 


three creep curves at various stresses 
and the given temperature so as to 
obtain the minimum number of iso- 
chronous curves necessary to evaluation. 
Under these conditions, the time re- 
quired would be greater than that con- 
sumed in the parameter evaluation, but 
far less than that presently needed. In 
any event, the use of this method, at 
least as a complement to presently used 
techniques, should be considered. 
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DISCUSSION AND SUMMARY 


The following answers to the questions 
originally proposed are presented: 

1. Rabotnov’s method can be used 
satisfactorily to correlate and extrap- 
olate creep data from a wide class of 
materials. A least-squares analysis of 
the data shows that the maximum 
attainable accuracy of estimation by 
this method is highly dependent on the 
variables involved. The same analysis 
shows that a compromise leading to 


TABLE VII.—THE EFFECT OF SUBSTI- 
TUTING PLASTIC STRAIN FOR TOTAL 


STRAIN IN RABOTNOV’S EQUATION 
(LOW-ALLOY STEEL).’ 
Strain, | >. Calculated} Actual | Error, 
0.05 30 | 24 500 | 21 900 | +16.40 
vit « 100 | 19 600 | 19 200 +2.08 
300 | 15 300 | 15 800 | —3.16 
3 000 8 400 8 400 0 
5 10 000 5 920 6 300 —6.03 
0.10 300 | 22 600 | 21 000 +7.62 
3 000 | 13 200 | 12 800 +3.20 
10 000 9 540 8 750 +9.05 
0.20 3 000 | 18 000 | 18 600 —3.22 
10 000 | 13 200 | 12 700 +3.94 


* Based on tension curve and 1000-hr curve, 
b = 0.33. 


satisfactorily accurate estimations is 
practicable. Such compromise values 
appear to be those suggested by Rabotnov 
in his original work. 

2. In this study, materials with both 
stable and unstable structures were 
studied. The analysis shows that this 
factor is highly important. For plastic 
materials with highly stable structures, 
the correlation is excellent and the 
method highly insensitive to the change 
of correlating functions. On the other 
hand, for metallic materials where 
structure may change radically with 
time, the correlation over wide ranges 
of the variables does not seem to be as 
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good. In general, use of the value of 0.30 
for 6 and computing both a and ¢(e) 
from the data will lead to excellent 
correlations. 

3. The use of the hot tension curve as 
a master curve in this method is open 
to question. As the least-squares analysis 
indicates, the best values of ¢(e) do not 
correspond to values from the short- 
time tension curve. Using the alternate 
method of developing the master curve 
from the creep data leads to $(e) values 
more nearly akin to those shown in the 
numerical analysis. Further, the use of 
these ¢(e) values with 6 = 0.30 reduces 
the errors of estimation significantly. 
This may be connected to the stability 
of the alloy in the temperature range 
considered. In particular, the data for the 
17-7 PH alloy indicate that when using 
the available tensile data, a value of 6 = 
0.15 will give the best correlation. The 
resultant errors are large. However, when 
predicting the master curve without 
reference to tensile data, the value of b = 
0.30 is about optimum. The results 
would tend to show that using the tension 
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curve at increasingly large strains leads 
to increasingly large errors. 

4. The design potential of this method 
should be good. Presenting the data in a 
manner that allows a direct approach to 
the question of material strength for 


a given deformation in a specified time — 


period is an obvious advantage. Aside 
from this, proper use of the method 
appears to sustain very small errors in 
both interpolation and extrapolation of 
data. 
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DETERMINATION OF 


COMPRESSIVE, BEARING, AND SHEAR CREEP 


OF SHEET METALS* 


Azis 


on titanium alloys. 


During recent years, a tremendous 
amount of information has been ob- 
tained and published on the creep char- 
acteristics of metals under tensile loads. 
Data of this type are required for the 
selection of alloys and for the design 
of structures that must sustain loads at 
elevated temperatures. For many ele- 
vated-temperature applications, how- 
ever, compressive, shear, or bearing 
loads are more prevalent than tensile 
loads. Only limited research has been 
done and limited data are available on 
the creep characteristics of metals when 
they are subjected to such loads. When 
such data are needed, it is frequently 
assumed that tensile creep properties, 
with the application of a questionable 

* Presented at the Sixty-fourth Annual 
Meeting of the Society, June 25-30, 1961. 

1 Head of Metallurgy Division and Associ- 


ate Metallurgist, respectively, Southern Re- 
search Inst., Birmingham, Ala. 
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SYNOPSIS 


A description is given of facilities to determine the compressive, bearing, and 
shear creep properties of sheet metals up to about 1200 F. The compressive 
and bearing determinations are carried out in loading fixtures that contain car- 
tridge heaters as integral parts. These heating units, which obviate the need for 
conventional furnaces, provide extremely good temperature uniformity. Accu- 
rate strain measurements are facilitated because the extensometer can be posi- 
tioned quite close to the specimen, thus eliminating mechanical errors that 
occur in the long extension arms required with furnace heating. Shear creep- 
rupture determinations are carried out on both sheet-type and pin-type speci- 
mens in conventional creep furnaces. Examples are given of the results obtained ¢ 
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conversion factor, can be used to pre- 
dict creep characteristics under the 
other loading conditions. Such assump- 
tions have not been proved to be consist- 
ently accurate or reliable. For optimum 
reliability and economy in materials 
selection and in structural design, inves- 
tigations of the creep characteristics of 
metals under compressive, shear, and 
bearing loading are clearly needed. 

The purpose of this paper is to de- 
scribe facilities that have been developed 
at Southern Research Inst. to determine 
the creep and creep-rupture properties 
of sheet metals under constant compres- 
sion, bearing, and shear loads. These 
facilities have been used primarily in 
evaluations of titanium alloys at tem- 
peratures up to 1000 F for creep times 
up to 500 hr. They should be useful for 
all types of metals at temperatures up 
to 1200 F, and for unlimited times. 


| 
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FACILITIES 


All evaluations are carried out with 
dead-weight loading applied through 
lever systems. Commercial creep ma- 
chines are used for bearing and shear 
loading, whereas special loading frames 
designed and built at Southern Research 
Inst. are used for compression loading. 
In the bearing- and compression-creep 
evaluations, strain-time curves are re- 
corded, but only rupture time is deter- 
mined in the shear-creep evaluations. 
Two types of shear specimens are used: 
pin-type or double shear and sheet-type 
or single shear. 

In all of the evaluations, one thermo- 
couple is used in conjunction with a 
controller and suitable proportioning 
equipment to provide temperature con- 
trol within +3F of the desired tem- 
perature. Two or three others are used 
for precise monitoring of temperature 
level and uniformity with a portable 
potentiometer. 


The creep frame, subpress, fixture, 
and recorder used in the compression- 
creep determinations are shown in Fig. 
1. Figure 2 shows a cross-section of the 
fixture, and Fig. 3 shows the disas- 
sembled fixture. Buckling in the com- 
pression sheet specimens, which are 
§ in. wide by 23 in. long, is prevented by 
nickel support blocks, nickel being used 
because of its excellent oxidation resist- 
ance. To facilitate temperature uni- 
formity, the supporting faces of these 
blocks are flush. They are polished and 
lubricated with molybdenum disulfide 
to minimize friction. Eight 85-w car- 
tridge heaters, which obviate the need 
for a furnace, are inserted into the nickel 
support blocks. With proper spacing of 
these heaters, temperature uniformity of 
+3F over the 2-in. gage length is 
achieved at temperatures up to at least 
1000 F. The degree of support, which is 


Compression: 


controlled by two adjustable band 
clamps around the outside of the fixture, 
is measured in terms of the load required 
to cause free specimen slippage prior to 
the application of the compression load. 
For large compression loads exceeding 
the yield strength, free-slippage forces 
as high as 150 lb have been necessary to 
restrict specimen buckling, whereas free- 


Fic. 1.—Equipment for Compression Creep. 


slippage forces as low as 5 lb have been 
sufficient with relatively low loads. It is 
believed that this wide range of speci- 
men support has little effect on the 
deformation characteristics of the speci- 
mens because compressive modulus-of- 
elasticity values determined up to this 
maximum degree of support at various — 
temperatures have been consistently 
within +5 per cent of the tensile-modu- — 
lus values, a normal degree of variation. _ 
The compact design of the compres- — 
sion fixture allows the use of a compact 


| 

3 

i Gg 
5 
1 


922 


extensometer with the transducer 
mounted only 3 to 4 in. from the speci- 
men. This type of extensometer design 
prevents possible mechanical errors asso- 
ciated with the long extension arms that 
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monofilaments that support the cores 
are guided through eyelets at each end 
of the coils to maintain concentricity 
between the cores and the coils. The two 
halves of the extensometer are posi- 
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are needed to hold the transducers out of 
the heated zone when normal furnace 
heating is used. The compression ex- 
tensometer is illustrated in Fig. 4. The 
contact points fit into light punch marks 
on opposite edges of the specimen at the 
gage points, the horizontal arms trans- 
mitting the deformation between the 
gage points to the core and coil of two 
differential transformers. Taut nylon 
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Fic. 2.—Cross-Section of Compression Fixture Facing Edge of Specimen. 
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tioned laterally on a horizontal dovetail 
slide that is supported by the compres- 
sion fixture. Figure 5 shows the exten- 
someter in place. 

Excitation for the differential trans- 
formers in the extensometer is provided 
by a stable source of voltage at 15,000 
cps. The combined output of the dif- 
ferential transformers is rectified by a 
phase-sensitive detector and attenuated 
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Extensometer, 


Bearing: 


by a voltage divider. This signal, which 
is calibrated in terms of specimen defor- 
mation, is fed into a strip-chart recorder 


;- 
d that provides a curve of creep deforma- 
F tion as a function of time. 
a 
d 


The bearing heating and loading fix- 
tures and extensometers, which are sections of sheet with over-all dimen- 
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Fic. 3.—Disassembled Compression Fixture. 


Fic. 4.—Compression Extensometer. 
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shown mounted in a creep machine in 
Fig. 6, are also compact in construction. 
Heat for the specimens is provided by a 


Differential 
Transformer 


pair of 200-w electrical disk heaters in 
each fixture as illustrated by the cross- 
sectional view in Fig. 7. Figure 8 shows 

disassembled bearing fixture. 

The bearing specimens, which are flat 
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sions of 1} by 43 in., are clevis-gripped 
at the lower end through a 3-in. diameter 
hole and are loaded at the top end 
through a ;%-in. diameter bearing hole 
with a ratio of edge distance to diameter 
of 2. With copper heat-diffusion disks 
placed between the specimen and the 
heaters, temperature uniformity of +3 F 
is maintained in the half of the specimen 
that contains the bearing hole. 


_ The extensometer and system for re- 
cording time-deformation curves are ex- 
actly the same as those used for com- 
pression creep except, as shown in Fig. 
6, the upper pair of extensometer arms 
is eliminated and the dovetail slide, 
which supports the extensometer, is 
mounted on the loading clevis. The lower 
pair of arms is attached through point 
contacts to opposite edges of the speci- 
men on a line tangent to the loaded side 
of the bearing hole. With this system, 
the deformation in the bearing hole is 
detected by the two differential trans- 
formers, the combined output being 
calibrated in terms of either total de- 
formation or per cent of bearing-hole 
diameter. 


Shear: 


Both the single- and double-shear 
specimens are heated with temperature 
uniformity of +3F in conventional 
creep furnaces. Figure 9(a) shows a 
double-shear specimen and a disas- 
sembled loading fixture. When the speci- 
men is assembled with the fixture and a 
load is applied, shear stresses are de- 


— 
Fic. 5.—Compression Fixture, Extensometer, and Subpréss. _ 


veloped across the two cross-sections of 
the specimen that are in the same planes 
as the interfaces between the two halves 
of the pull rods. Shear creep-rupture 
occurs in these two cross-sections. 

The single-shear specimens contain 
two offset slots at 45 deg to the major 
axis as shown in Fig. 9(5). When the 
specimen is loaded in tension as shown 
in the diagram, shear stresses are de- 
veloped in the ;%-in. section of the major 
axis between the ends of the slots. Shear- 
type creep rupture has occurred in this 
section in the vast majority of specimens 
that have been evaluated, which includes 
a variety of high-strength titanium and 
steel alloys. Only in a high-strength 


www 


titanium alloy with tensile elongation of 
less than 1 per cent did tensile type 
failures occur, the rupture propagating 
from the base of a slot to the opposite 
edge of the specimen. Generally, the 
single-shear specimen shown in Fig. 
9(b) is suitable except for specimens 
with extremely low ductility and corre- 
sponding high notch sensitivity. 


Fic. 6.—Bearing Fixture and Extensometer in 
Creep Machine. 


Test RESULTS 


Design-type creep curves for various 
types of loading are illustrated in Figs. 
10 and 11 for a titanium alloy sheet 
(Ti-2.5Al-16V solution treated and 
aged). In these curves, rupture times or 
times to certain percentages of creep 
strain are shown as functions of nominal 
stress at constant temperatures of 600, 
700, and 800 F. For comparative pur- 
poses, the short-time tensile properties 
of this alloy are given in Table I. 
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Figure 10(a) illustrates design curves 
for 0.1 per cent and 0.5 per cent com- 
pressive creep. At 700 and 800F the 
data are reasonably consistent showing 
a normal amount of scatter. At 600 F, 
fewer data points are available because, 
at the high loads required to cause ap- 
preciable creep, a considerable number 
of specimens buckled in spite of large 
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supporting pressures, measured in terms © 


of free-slippage forces of 150 lb. 
Corresponding tensile creep data ob- 
tained on the same material? by the 
Georgia Division, Lockheed Aircraft 
Corp., are shown in Fig. 10(6). Compar- 
ing Figs. 10(a) and 10(4), it will be seen 
that the compressive creep strength is 
consistently higher than the tensile 
2P, J. Hughes, W. M. McGee, and O. L. 
White, “The Determination of Mechanical 
Property Design Data for Heat Treated Tita- 
nium Alloys Being Produced by the DOD Sheet 


Rolling Program,” Contract No. AF 33(616)- 
6346, Progress Report No. ER-3030, Vol. VII, 


Lockheed Aircraft Corp., Marietta, Ga., Dec. 


1960. 
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(a) Double-shear specimen and fixture. 
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(b) Single-shear and fixture. 
Fic. 9.—Shear Specimens and Loading Fixtures. 
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Fic. 10.—Creep Design Curves for Ti-2.5Al-16V Alloy Sheet, Solution Treated and Aged. 


10 
Time, hr 


(a) Compressive creep. 


(b) Tensile creep. 
(c) Bearing creep. 


927 


a 
— 
~~ ~~ ° O/ per cent 
om, ° cen 
|700F 
4 0.5 per 
o ~~ecent 
~ 
4 
800F 
4 
) 
4 
fo) 0.5 per 
10000} 7 
700F 
| ~ 
= 
ray 


928 Katrus AND LESSLEY ON CREEP PROPERTIES OF SHEET METALS | 


creep strength, the differences being 
quite significant at 600 and 700 F, but 
negligible at 800 F. Upon first considera- 
tion, it might be reasoned that the differ- 
ences at the lower temperatures are a 
result of faulty experimental techniques, 
namely, the large supporting pressures 
applied to the compression specimens. 


TABLE I.—TENSILE STRENGTH OF 
Ti-2.5Al1-16V ALLOY SHEET AFTER SOLU- 
TION TREATMENT AND AGING. 


Although this possibility is recognized 
and is being investigated, the following 
facts indicate that the differences are 
real and that the experimental tech- 
niques are satisfactory: 

1. Generally, the amount of strain 
that occurred in compression-creep speci- 
mens during the application of load ap- 
proached that in tension-creep speci- 
mens. 

2. The supporting pressures were the 
same at 700 and 800 F, being sufficient 


. require a force of 50 lb to cause free 
a | ee | specimen slippage. Only at 600 F was a 
larger supporting pressure—one suffi- 
80... 174 000 | 158 000 | 6.2 cient to require a force of 150 lb to cause 
= free specimen slippage—needed to mini- 
mize the occurrence of buckling. 
100 000 
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(a) Double shear. 


Fic. 11.—Rupture-Time Curves for Ti-2.5Al-16V Alloy Sheet, Solution Treated and Aged. 
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3. Accurate elastic-modulus values 
were obtained in compression with both 
of these levels of specimen support. 


Design-type curves for 0.5 per cent 
and 2 per cent bearing creep strain are 
illustrated in Fig. 10(c). The two degrees 
of creep strain are in terms of percent- 
ages of the bearing-hole diameter; bear- 
ing stress is defined as the load divided 
by the product of the specimen thickness 
and bearing-hole diameter. The scatter 
in the bearing-creep data is quite small 
at 600 F but increases somewhat with 
increasing temperatures. 

Rupture times as functions of shear 
stress are shown in Figs. 11(a) and (8), 
Fig. 11(@) pertaining to double-shear 
specimens and Fig. 11(d) to single-shear 
specimens. The double-shear and single- 
shear rupture strengths are almost 
identical. 


SUMMARY 


The data presented in this paper 
represent some of the initial results ob- 
tained on recently developed facilities 
for the determination of the compressive, 
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bearing, and shear creep properties of 
sheet metals. Although the data and 
procedures are believed to be valid, it 
must be recognized that a need for veri- 
fication and possible improvements exist, 
particularly with regard to the compres- 
sion-creep determinations. It is hoped 
that this paper will stimulate discussion 
and reporting of additional information 
on the subject from other sources. Such 
pooling of information should lead to 
the eventual development of standard 
procedures. 
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Mr. E. E. Reynotps.'—How do these 
data compare with tension creep data? 

Mr. J. R. Kattus (author)—The 
only comparisons we have made so far 
are between some compression and ten- 
sion creep data; we have not tried to 
correlate any shear or bearing data with 
tension creep data. As I pointed out, at 
600 and 700 F the Ti-2.5Al-16V had 
higher creep strength in compression 
than in tension, but at 800 F they were 
practically the same. 

Mr. Epwarp L. Horne.2*—I would 
like to ask two questions: Were the ef- 
fects of friction on the compression test 
results and the magnitude of support in- 
volved taken into account? Are there 
comparative data with other organiza- 


'Chief Research Metallurgist, Allegheny 
Ludlum Steel Corp., Brackenridge, Pa. 

? Supervisory Materials Engineer, Aeronauti- 
cal Systems Division, Materials Central, Wright- 
Patterson Air Force Base, Ohio. 


tions using somewhat different tech- 
niques and equipment? 

Mr. Katrus.—With regard to fric- 
tion, some requirements have been set 
up for the DOD titanium sheet rolling 
program for qualifying compression fix- 
tures. The method of qualifying requires 
running some short-time stress-strain 
curves in the fixtures and determining 
the modulus of elasticity for some mate- 
rials for which the modulus in tension is 
known. If the compression modulus de- 
termined with this equipment is within 
5 per cent of that determined by accurate 
tensile means, the equipment qualifies. 

We have not made many comparisons 
yet between the results we obtained and 
those which other people have obtained. 
This will be done to some extent; com- 
parisons are to be made between our 
compression creep data and Lockheed’s 
tensile creep data that they are to run in 
the future. 
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DETERMINATION OF CREEP OF STRUCTURAL JOINTS 
FROM SIMPLE TENSILE CREEP* = 


1 


> 


SYNOPSIS 


This paper _— an approximate method for the theoretical determination 
of the creep deformation in structural joints based upon simple tensile creep 
stress-strain-time relations for the material. It should be noted that the prob- 
lem is a complex one and that it was necessary to make a number of assump- 
tions in order to develop a usable theory. In addition to providing a prediction 
of the possible creep deformation that may occur in a riveted joint, the analysis 
given below can be used to guide the designer in the selection of the best ma- 
terial. In other words, a comparison of the theoretically determined deforma- 
tions of structural joints using various materials gives a better basis for 
comparison of performance than a comparison of the simple tensile creep 
deformations. In the analysis of the creep deformation of riveted or bolted 
joints, a theory was also developed for predicting the transverse shear creep 
deformations from simple tensile creep. 


A review of publications on creep of for a single-riveted joint of the butt 
riveted joints (4-6)? shows that, except type. 
for theories developed by the author in 
references (1), (2), and (3), the available CREEP OF SINGLE-RiveTeD Butt Jomnt 
information is primarily confined to ex- 
perimental studies. If evaluations on 
creep of riveted joints are based on tests 
alone, then a new test program must be 
conducted for each new riveted joint 
configuration and each new material. 
It would, of course, save considerable 
time and effort if the creep deformation 
of all riveted joints could be theoretically 1. Deformation ¢, for the length Z, of the 
predicted from the basic simple tensile- plate, : 
creep data of the material. This paper 2. Deformation e for the length Lz of the | 


plate, 
attempts to provide suck 3. Deformation es for the length of the 


* Presented at the Sixty-fourth Annual Meet- plate, 


Figure 1 shows a single-riveted butt 
joint subjected to an axial force F. 
To define the creep deformation between — 
two points A and G of this joint, it is 
first necessary to note that the total 
creep deformation is made up of the 
following creep deformations: 


ing of the Society, June 25-30, 1961. 4. Deflection eg of the rivet, 

1 Department of Engineering Mechanics, The 5. Deformation e, for the length L, of the 
Pennsylvania State University, University plate, 

? The boldface numbers in parentheses refer 6. Deformation es for the length Ls of the 7 


to the list of references appended to this paper. Plate, and <a - - 
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7. Deformation é¢ for the length Lg of the 
plate. 


The lengths LZ; and Le correspond to 
lengths for which the creep deformation 
is essentially uniform across the plate. 
The locations of these lengths of constant 
deformation would have to be deter- 
mined by experiment. If this is not 
possible, an estimate of the approximate 
value of these lengths could be made. 


will be assumed to be expressed by Eq 
1. That is, 

e = kS* (2) 


where S = the stress and & is the time 
function expressed by 


k = ky + kel — e-97) + BT..... (3) 


where: 
ki, ko, n, B and gq = tensile creep con- 
stants for a given temperature, 


Errors produced by such estimates e = the base of natural logarithms, and 
should not greatly influence the final T = the time. 
Plate A Rivet Plate B 
ra L 
| 
H | 
| 4 Loe Ls | le ! 
—]|- - 
Le 


- Fic. 1.—Single-Riveted Butt Joint. 


results. The total deformation for the 
riveted or bolted joint between the 
points A and G is the sum of all the 
component parts of the creep deforma- 
tion or 


e=ateateterteat es + e. 


The e values on the right-hand side of 
Eq 1 can now be determined. To find 
e; and é, it will be assumed that those 
deformations are the same as those pro- 
duced in a tension bar without a riveted 
joint. Then the values of e, and eg equal 
the unit strain multiplied by the lengths 
L, and L,. The unit tensile-creep strain 


Then the values of e; and eg become 


RS" Ly =k Li (4) 


a= el; = 


wl 

where: 

the axial load, 

the width of the member (Fig. 1), 

and 

the thickness of the member (Fig. 

1). 

To determine the deformation e; for 

the length CD, let the tensile stress at 


i 
| 
‘|| 
| 
aS 


point D in the plate be Sp and the 
stress at B be S,’. 
that would have existed at B for a plate 
of the same thickness, /, at B and D, 
then it can be assumed that 
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If Ss is the stress | 


Using Eq 2, the total creep deformation | 
for the length CD becomes - 


L3 L3 ~ 4 
= e,dz = (kS,") dz ...(c) 
0 0 


Placing values of the stress from Eq } 
in Eq ¢ and integrating the resulting _ 


equation, 


Stress Concentration Factor, f 


| 


Ratio s 
w 


An approximate value of the stress Sp 
at the edge of the rivet hole at D was 
evaluated by the author in reference 
(1). To determine the creep deformation 
| between B and D, some assumption will 
have to be made regarding the manner in 
which the stress varies between B and D. 
A reasonable approximation is to assume 
that the stress variation between B and 
D is linear, where the stress at B is the 
stress for a plate of thickness 24 . That is, 


: Sp — Sp _ 
Sp 


Fic. 2.—Stress Concentration Factor, /. 
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If fis is the stress concentration factor at i 
the edge of the hole at D, then 
Sy 


So ft 
f= or Spy = (4) 
‘TA 


Placing the value of S» from Eq 6 in | 
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a= 


Equation 7 defines the creep deforma- 
tion és in terms of the dimensions Lz», 
I;, t, th, m; the material and time 
constants k and m; the creep stress 
concentration factor f; and the load F. 
The material-time factor k as expressed 
by Eq 3 can be evaluated from tensile 


Rivet 
“— A 
a 


(a) Free body diagram of rivet. (b) Stresses along AB. (c) Strains along AB. 
Fic. 3.—Shear Deformation of a Rivet. 


creep data for a given time T. Values of 
the stress concentration factors f, as 
obtained in reference (1), are plotted in 
Fig. 2 for various values of n. 

The creep deformation e: for the 
length BC is given by 


Ly 
a= i 
L3 


Using Eq Pas 


™ (*) S:z 
2h zx 
= (Sp) + iss] Wf 


Placing the value of the stress from 


L 


L3 
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Eq f in Eq e and integrating the resulting 
equation, 


(n+ — 0) 


Equation 8 defines the creep deformation 
é2 in terms of the dimensions L2, L;, 
L; = Le. + Ls, t, th, w; the material 
and time constants k and nm; the creep 


stress concentration factor f; and the 
load F. . 

The creep deformation e, can be ob- 
tained from Eq 7 provided 2é is re- 
placed by /2, Ls is replaced by Ly, Le 
is replaced by Ls, and L; is replaced by 


Ls. Then 
L; Ly ntl 
(2+) |.o 


In the same way for the deformation 
es, Eq 8 can be used provided JL; is 
replaced by Ly, Lz by Ls, and L; by Ls. 


/(wt:) |" 
(n + 1)(f — 1) 


ey 


| 
i, 
| | 


= 


F/(wt) |" 


= 
(n + — 1) 


An analysis of the creep deformation 
in the longitudinal direction of the joint 
produced by the deformation of the rivet 
is difficult to determine, because the 
effective length of the rivet producing 
longitudinal deformation is not known. 
In view of this difficulty, the effective 
rivet length, L, can be selected as the 
clearance between plates or some greater 
value which provides for possible clear- 
ance between the rivet and rivet hole. 
In any case, it can be assumed that the 
rivet is subjected to forces as shown in 
Fig. 3(a). Since the length L is small 
compared to the diameter d of the rivet, 
it. will be assumed that the deformation 
ér of the rivet is due to shear only and 
that the deformation due to bending 
can be neglected. Then the deformation 
er is 


It can be shown that at the centroidal 
axis AB the shear strain y, (Fig. 3(a)) 
in terms of the shear stress SS, is 


where & and » are the tensile creep con- 
stants in Eq 2 (3). 

Reference (3) also shows that the 
shear stress S, at the centroidal axis is 


where A = xd?/4 = the cross-sectional 
area of the rivet, and the approximate 
value of 6 is 
a(6n + 1)(4n + 1)(2n + 1) 
4(5n + 1)Gn + 1)(m + 1) 


Then from Eqs (g), (i), and 


B (j) 
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the rivet deformation er becomes 
2F\" 

er= 3 * kL (F) 


(6n + Gn + DQn+ DP 


With the values of a1, ¢2, €3, €r, 
és, and é defined by Eqs 4, 5, 7, 8, 9, 10 
and 11, Eq 1 gives the total deformation. 
An outline of the steps involved in the 
determination of the total creep defor- 
mation is summarized below. 
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Fic. 4.—Tensile Creep-Time Stress Curves. 


Procedure for Calculation of Total Creep 
Deformation: 


1. From tensile creep-time test re- 
sults (Fig. 4) the values of the creep 
tension constants ki, ke, g, B, and n, 
as expressed in Eqs 2 and 3, can be 
determined. 

2. Values of dimensions Lz, L3, 
Ly, Ls, Le, L, t, th, te, d, and w for the 
riveted butt joint are selected for the 
given application. 

3. Using Eqs 4 and 5, e and é are 
determined for a known k value based 
on a time T. 

4. From Fig. 2, the stress concentra- 


+s —1]..(1 
— 
\24) 
9) 
yn 
is 
‘Re : 


tion factor f for the known values of 
d/w and n is obtained. 

5. Using Eqs 7, 8, 9, and 10, the 
values of é2 , és, é4, and és can be calcu- 
lated since k, m, f and the dimensions 
of the riveted joint are known. 

6. The deflection of the rivet can be 
calculated using Eq 11. 

7. With values of e to and 
known, Eq 1 gives the total creep de- 
formation of the riveted butt joint. 


Example——Compare the total creep de- 
formation of a tension member subjected to 
an axial load F of width w, thickness ¢, and 
length Ly with that of a riveted butt joint 
of length Ly as shown in Fig. 1. Given: n = 3, 
te = 2h =t/2,t/d = 2, w/t =2,L/d = 1/9, 
h=l=h= Ls = Le = Lr/6, 
w = Lr/3 ande = kS*. 

The creep deformation of a tension mem- 
ber of width w, length Lr, thickness #, 
and without a rivet is 


er = ely = 


F\ 
kS*Lr =k () Lr. .(12) 
wt 


From Eqs 1 and 12, the ratio of the total 
deformation of the riveted to the nonriveted 
member is 


wer 
T 


or 


er er er 


Placing values of the deformations from 


Eqs 4 to 11 in Eq 13: 


(1) Joseph Marin, “Creep Stresses and Strains 
in an Axially Loaded Plate with a Hole,” 
Journal of the Franklin Institute, Vol. 268, 
No. 1, July, 1959. 

(2) Joseph Marin, “Determination of the Creep 
Deflection of a Rivet in Double Shear,” 
Journal of Applied Mechanics, Vol. 81, pp. 

285-291 (1959). 

(3) Joseph Marin, 
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+ 


2 (4) a 
eT Lr 


L. Is ntl 
Lr (n+ 1) 


L, 
(n+ — 1) 


+ 1)(4n + 1)(2n + (14) 
4(5n + + + 


( 
Lr 


From Fig. 2, since © = 0.25 and » = 3, 


f = 1.70: 


© = 0.33 + 0.55 + 9.57 + 105.17 = 115.62 


er 


Equations similar to the above can be 
written for single-riveted lap-type joints. 


SUMMARY 


This paper provides an approximate 
method for predicting the creep deforma- 
tion of a riveted joint from the creep 
constants of the material in simple ten- 
sion. It should be noted that although 
test results may show that the theoretical 
relations obtained give only approximate 
deformations, the theory does provide a 
measure of the factors which influence 
the creep deformation of a riveted joint. 
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DISCUSSION 


Mr. R. B. CLapper.'—The paper on 
“Determination of Compressive, Bear- 
ing, and Shear Creep of Sheet Metals” 
by Messrs. Kattus and Lessley? showed 
some interesting bearing and creep de- 
formation data. Mr. Marin’s interesting 
analytical approach to the problem of 
creep deformation of joints has consid- 
ered many parameters, including com- 
pressive and bearing creep deformation. 
Does he now plan to refine his analysis 
by comparison with these and other 
pertinent data which may have been ob- 
tained experimentally since the work of 
this paper was completed? 

Mr. J. MARIN (author)—The com- 
parison of experimental results with the 
theoretical predictions would be an im- 
portant further study that should be 
made. The author hopes to do this in the 
near future. 

Mr. Epwarp L. Horne.*—I would 
also like to compliment Mr. Marin on his 


1 Research Specialist, Structural Mechanics, 
Lockheed Aircraft Corp., Missiles and Space 
Division, Sunnyvale, Calif. 

2 See p. 920. 

3Supervisory Materials Engineer, Aero- 
nautical Systems Division, Materials Central, 
Wright-Patterson Air Force Base, Ohio. 


paper. Our (ASD) thinking in proposing 
this work a few years ago, at which time 
the mechanical equation of state was in 
vogue in the aircraft industry, was that 
this study would provoke a considerable 
amount of controversy and difference of 
opinion in this area, so that some in- 
vestigators would be motivated to tackle 
this problem experimentally with the 
idea of conducting the extensive creep 
testing necessary to do it under the ap- 
proach suggested by Mr. Clapper. 

Some of the bearing creep and shear 
creep data obtained on ASD programs 
were used for multiple riveted joints by 
Leonard Mordfin of the National Bureau 
of Standards and he obtained very good 
correlation by using those two types of 
data. There has also been effort on the 
relationship between tensile and com- 
pressive creep so that some of the as- 
sumptions in trying to take the tensile 
creep and predict a solution to the entire 
problem from it, and the necessary sim- 
plifying assumptions which must be 
made to do so, indicate that this is a rea- 
sonable approach to prediction of joint 
creep behavior; as Mr. Marin has indi- 
cated, it is a complex problem. 
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SYNOPSIS 


A creep evaluation was conducted on cast specimens of 76 Cu, 2} Sn, 7 
6} Pb, 15 Zn, 65,000-psi manganese bronze, 110,000 psi manganese bronze, . 
20 per cent nickel silver, and 81-4-15 silicon brass alloys at selected tem- 
peratures between 250 and 550 F. The duration of the longest tests at each 7 
temperature was about 2000 to 3000 hr. 

The creep and rupture data were correlated with elevated-temperature, — 
short-time tensile data by means of the ASME Boiler and Pressure Vessel 
Code criteria. Creep data are also presented in the form of design curves and — 
isochronous stress-strain curves. The stability of these alloys during creep 
exposure was determined by means of tension tests and metallographic 
examination after creep exposure. 

The 76-23-6}-15 alloy has high creep strength, relative to its short-time 
tensile strength, up to about 520 F, and its stability is good. The 65,000-psi 
manganese bronze is limited by its loss of creep strength above 290 F. The 
prolonged application of the 110,000-psi manganese bronze is limited above 
350 F because of the sharp decline of its creep strength and its poor stability 
above that temperature. For the same reason, the long-time use of the 81-4-15 


} - silicon brass should be restricted to 450 F or lower. Creep in the 20 per cent 
nickel silver is insignificant up to 550 F; the melting of a lead phase i in this alloy 
_ prohibits its application at higher temperatures. 


This paper presents creep and creep- 
rupture properties for the five cast cop- 
per-base alloys discussed in a paper (1)? 
presented at the 1960 ASTM Annual 
Meeting. The two papers together 
constitute the second portion of a 
continuing program to provide accurate 
measurements for mechanical and physi- 
cal properties of sound test bars from 
good-quality melts of commercial alloys. 


* Presented at the Sixty-fourth Annual 
Meeting of the Society, June 25-30, 1961. 

! Principal Metallurgist and Division Chief, 
respectively, Metallurgical Department, Bat- 
telle Memorial Inst., Columbus, Ohio. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


Data were reported earlier (2,3) for a 
group of three casting alloys, identified 
as 2A, 3A, and 4A by ASTM Specifica- 
tion B 30-59% for ingots and by their 
trade designations, Navy “‘M,” 80-10-10, 
and 85-5-5-5, respectively. 

The five alloys for which creep and 
creep-rupture data are reported in the 
present paper are identified as 5B, 8A, 
8C, 11A, and 13B by ASTM Specifica- 
tion B 30-59.* The casting specifica- 
tions are ASTM B145-52, Alloy 


*Standard Specification for Copper-Base 
Alloys in Ingot Form for Sand Castings 
(B 30 — 59), 1959 Supplement to Book of ASTM 
Standards, Part 2, p. 1. 
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5B‘; B 147-52, Alloys 8A and 8C'; 
B 149-52, Alloy 11A®; and B 198 - 58, 
Alloy 13B.’ These alloys are referred to 
in this paper as 76Cu-23Sn-6}Pb-15Zn, 
65,000-psi manganese bronze, 110,000- 
psi manganese bronze, 20 per cent nickel 
silver, and 81-4-15 silicon brass, respec- 
tively. 


TABLE I.—AVERAGE CHEMICAL 
ANALYSES OF CASTINGS 


eS Chemical Analysis, per cent 
Manganese 
Bronze 
Element 16-284. 20 per 
64- 
Alloy | Nickel "Brass 
75.8 |57.9 |61.9/64.0 | 80.7 
2.7 | 0.26)....| 4.0 |<0.01 
5.6 | 0.18)....| 4.1 |<0.01 
14.8 |39.0 |25.4| 6.6 | 15.0 
0.26) 1.02) 3.1) 0.75) 0.11 
Antimony...... 
0.66) 0.08)... ./20.4 0.01 
Aluminum..... 
Manganese..... .| 0.50) 3.8) 0.03) 0.01 


Table I gives the range of chemical 
composition for the castings tested. The 
chemical analyses for all castings were 
well within the ASTM specification 
requirements. 


*Standard Specification for Leaded Red 
Brass and Leaded Semi-Red Brass Sand Cast- 
ings (B 145-52), 1958 Book of ASTM Stand- 
ards, Part 2, p. 245. 

5Standard Specification for High-Strength 
Yellow Brass (Manganese Bronze) and Leaded 
High-Strength Yellow Brass (Leaded Man- 
ganese Bronze) Sand Castings (B 147 — 52), 
1958 Book of ASTM Standards, Part 2, p. 253. 

® Standard Specification for Leaded Nickel 
Brass (Leaded Nickel Silver) and Leaded Nickel 
Bronze (Leaded Nickel Silver) Sand Castings 
(B 149 — 52), 1958 Book of ASTM Standards, 
Part 2, p. 263. 

7Standard Specification for Silicon Bronze 
and Silicon Brass Sand Castings (B 198 — 58), 
1958 Book of ASTM Standards, Part 2, p. 344. 


It should be pointed out that alloys 
with many variations in composition 
may meet a given ASTM specification 
for chemical composition. The variations 
in composition could result in marked 
changes in mechanical properties. There- 
fore, the specific compositions of the 
five types of alloys used in the investiga- 
tion were intended to be representative 
of the ones that are used widely by the 
industry. 

Details of the foundry practice used 
in preparing and establishing the quality 
of the melts were given in an earlier 
paper (1). Specimens for the creep- 
testing program were machined from 
either a double-horizontal full-web test- 
bar casting or from a keel-block casting. 
The keel-block casting was used for the 
two manganese bronzes, which are 
considered to be high-shrinkage alloys. 

The program on creep and creep- 
rupture testing was carried out within 
the temperature range of 250 to 550 F. 
The test temperatures were selected on 
the basis of the creep strengths exhibited 
by the various alloys as the evaluation 
program developed. An attempt was 
made to select the highest temperature 
at which useful data for service applica- 
tion might be obtained for each alloy. 
The specific test temperatures were as 
follows: 


Alloy Temperature, deg Fahr 


76-216-614-15......... 
65,000 psi manganese 


350, 450, 500,* 550 


250,* 350, 450 
110,000 psi manganese 

20 per cent nickel 

81-4-15 silicon brass... .| 350,% 400,* 450, 550 


* Creep tests only. 


The stress to produce a creep rate of 
0.00001 per cent per hr and the stress to 
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produce rupture in 190,000 hr are used 
by the ASME Boiler and Pressure Vessel 
Code Committee as a basis for establish- 
ing maximum allowable stresses for 
non-ferrous materials in the temperature 
range where significant creep occurs. 
The present investigation was directed 
toward the determination of the creep 
and rupture strengths at the temperature 
shown above and the correlation of these 
data with the elevated-temperature, 
short-time tensile data. 

Some designers are now requesting 
data on the stresses to produce some 
small amount of strain in a given time, 


AND 


metallographic examination of creep- 
tested specimens. The results of this 
study are included in this paper, 


The creep and creep-rupture tests 
were conducted in accordance with 
ASTM Recommended Practice E 139 - 
58T, except that closer temperature 
control than specified in E 139-58 T 
was maintained. The specimen used in 
these tests is shown in Fig. 1. Its length 
is 7 in., diameter at the reduced section 
0.505 in., and gage length 2.3 in. Speci- 
mens were heated in chromel-wound 


EXPERIMENTAL WORK 


or anni 0.1 or 0.2 per cent plastic 
strain in 1000 hr. These data are 
presented in the form of design curves, 
showing the time to reach designated 
amounts of plastic strain or rupture at 
various stresses, and by isochronous 
stress-strain curves. Pertinent details on 
the preparation and use of the design 
curves, isochronous stress-strain curves, 
and ASME maximum-allowable stress 
curves were given in a previous paper 
(3). 

The stability of these alloys during 
creep was determined by measuring 
their retained room-temperature tensile 
properties after - exposure and by 


en 
Thread 
ie ié 10 per in. 
rs ie 2.0 ° 
7.0" 


Fic. 1.—Creep and Creep-Rupture Test Specimen. 


furnaces and dead-weight loaded in 
Battelle lever-arm creep-test frames. 
Strain was measured optically by means 
of platinum-strip extensometers and a 
20-power filar micrometer microscope. 
The smallest division on the filar eyepiece 
is 0.00005 in. which, with a specimen of 
2.3-in. gage length, is equal to 0.0022 
per cent. 

The test equipment and procedure 
are described in detail in a previous 
paper (3). 


Test RESULTS 


The detailed creep and creep-rupture 
data for the five alloys are given in 


> 


= 


n 
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Tables II to VI. The creep rates and 
rupture times listed in these tables are 
plotted against stress in Fig. 2 for all 
the alloys except the 20 per cent nickel 
silver. The stresses for creep in the 
nickel-silver alloy were very high, and 
only two tests were conducted at each 
temperature. Consequently, the data 


TABLE II.—DETAILED CREEP AND 


relatively short-time rupture data were 
sought, and somewhat longer extrapola- 
tions were required. The extrapolation 
was done by applying the “mirror- 
image” relationship previously used by 
the authors (4). This relationship, 
attributed to J. G. Kaufman (5), takes 
note of the fact that, at stresses where 


CREEP-RUPTURE DATA FOR THE 


76 Cu-244 Sn-644 Pb-15 Zn ALLOY. 


Con- 
Tem- Initial | Total | traction 
Stress, | Duration, | Strain, | Strain,| Upon 
de 4 psi hr per per Release 
Fahr cent cent | of Load, 
per cent 


Transition to 
Third-Stage 


Creep Rate, per cent 


per hr 


Second Final _ Strain, 


350....| 15 000 | 3291 | 2.371| 2.807] 0.139 
350....| 10 000 | 1968 | 0.181| 0.217| 0.080 


8. 
450. 20 000 6.89 7.46) ... 
450. 18 000 ition 
450. 15 000 | 11482 1.50] ... ose 
450, 13 000 | 2309 0.625) 1.277| 0.120 
450. 12 000 | 2347 0.444) 0.703) 0.107 
450. 10 000 | 1849 0.194! 0.285) 0.087 
500. 7 000 | 2086 0.067) 0.143) 0.059 
550 13 000 36.7%) 0.679 
550 12 000 112¢ | 0.319 
550....| 10 000 | 924° | 0.177 
550....| 9 600 | 2225° | 0.170) ... one 
550....| 7 000 | 2810 0.071} 0.294) 0.060 
550....| 4 000 | 2832 0.036) 0.112) 0.034 


0.000055|0.000055| > 3291 
0..000003/0 . 000003) > 1968 


aes 20.7 | 17.6 
0.16 aw 11.0 | 17.1 
0.008 ae 9.3 | 10.2 
0.0008 tea 6.3 | 13.5 
0.00011 |0.00011 | >2309 ees 
0.000035 0.000035) > 2347 
0.00002 |0.00002 |>1849 
0.000017 |0.000017| > 2086 
0.04 24) 1.9 4.1/| 9.3 
0.0082 80) 1.1 3.7 | 4.7 
0.0003 450) 0.32 | 2.9 
0.00021 1000) 0.41 3.6 
0.000055/0.000055|>2810) ... we 
0.000018/0. 000018) > 2832 


* Rupture time. 


for this alloy were too limited for this 
type of plot. 

The creep strengths for creep rates of 
0.00001 and 0.0001 per cent per hr and 
the strengths for rupture in 100, 1000, 
10,000, and 100,000 hr are summarized 
in Table VII. The 10,000 and 100,000-hr 
rupture strengths were extrapolated 
from tests of about 2000 hr duration 
for four of the alloys. The 65,000-psi 
manganese bronze alloy was evaluated in 
an earlier part of the program, in which 


both creep and rupture data are avail- 
able, the  stress-versus-rupture time 
curve is often a near-mirror image of 
the stress-versus-creep rate curve. The 
extrapolation of relatively short-time 
rupture data in this manner is considered 
more reliable and conservative than 
straight-line extrapolation of the stress- 
versus-rupture time curves or extrapola- 
tion by means of parameters, such as 
the well-known Larson-Miller param- 


| 
— Elon- | Reduc- 
n of 
—_——/ gation, Area, 
per per’ 
cent 
350....| 30 000 | 10:8 
18.7 | 16.6 
| 
: 


TABLE III.—DETAILED CREEP AND CREEP-RUPTURE DATA FOR THE 
MANGANESE BRONZE ALLOY. 
Con Creep Rate, per cent 
T s Total | traction per hr Creep np 
empera~ | Stress, | Duration, Strain,| | 
ture, deg psi hr 5 per | Release 25 ry 
Fahr | cent | of Load sme, | Plastic |} 
per cent | Second Final | Time, | cent 
3 Stage Stage hr per poe a 
55 000 6.1° 63.3) 58.5 
35 000) 2 021 0.920) 1.428) 0.317 |0.000090/0. 000090) > 2021 
30 000} 2 089 (|0.437| 0.536) 0.261 |0.000020/0.000020) > 2089 
{ ee 20 000; 2 013 0.180) 0.193) 0.166 nil nil >2013 
45 000 4.15.5 ... |54.8) 67.0 
40 000) 48° oo 15.7 |64.9) 70.6 
35 000 225° (0.67) . (0.12 35 6.0 |85.0] 71.4 
30 000 682¢ (0.38 .-. 10.035 >250)>10.0 |97.8) 75.9 
20 000) 1 585 0.176) 7.8 0.200 |0.0040 (0.0059 900) 
15 000; 1995 (0.135) 2.5 | 0.146 |0.0011 (0.00135 1600 1.8 
12 000} 2 206 (0.095) 0.813) 0.103 |0.00029 |0.00038 1200} 0.3 
8 000} 10 003 =|0.069) 0.750} 0.071 |0.000035)0.000052) 4200) 0.13 
450...... 30 000 73.4| 66.7 
12 000 543 0.122/91.0 0.04 0.16 160} 10.0} .. 
8 000; 1 873 0.082/12.3 0.11 |0.0054 (0.0054 |>1873 
5 000} 2785 (0.046) 0.982) 0.044 |0.00012 |0.00012 | >2785 
3 000; 2 023 0.031) 0.190) 0.024 |0.000055)0. 000055) > 2023 
2 009) 3 046 =|0.013) 0.103) 0.025 |0.000015)0.000015| > 3046 
* Rupture time. 
TABLE IV.—DETAILED CREEP AND CREEP-RUPTURE DATA FOR THE 
110,000-PSI MANGANESE BRONZE ALLOY. 
Transition to 
| Con Creep cent Third Stage 
T a Total | traction P Elon- | 4; of 
ae Stress, | Duration,| Strain,| Upon gation, ng 
+ Geg i hr per | Re per 
Fahr - as f Plastic per 
second | pings | Timeg| Strain,| | cent 
=z Stage hr per 
5 cent 
60 000) 1417 |0.470) 0.545) 0.450 | 0.000015 |0.000015)>1417| ... 
50 000) 1177 (0.429) 0.442) 0.433 | 0.000004 |0.000004)>1177) ... 
35 000) 167 0.283) 0.318) 0.280 | 0.000015 |0.000015|>1678| ... 
70 000 27.4°|0.702| ... 0.38 6) 3.2 26.2 | 45.2 
60 000) 129% (0.563) ... 0.081 32.8 | 71.5 
48 583° (0.429) ... 0.007 90} 0.70 | 29.2 | 51.7 
350..... 40 000) 2246¢ (0.332) ... 0.0013 270) 0.39 | 31.3 | 56.8 
30 000} 2690 (0.238) 0.746) 0.252 | 0.00012 (0.00028 1300} 0.29 
350..... 22 000) 2350 0.210) 0.279) 0.182 | 0.000020 |0.000020)>2350) ... 
50 000 2.0°0.772) ... 5.5 0.5) 3.1 53.9 | 57.8 
30 000 29.37/0.250) ... 0.13 cae | 
450..... 17 000} 240° (0.135) ... 0.015 25) 0.46 | 68.0 | 74.2 
450..... 12 000) 3674 0.106)18.38 0.0042 (0.0042 |>3674| ... 
5 000) 3214 0.038) 0.548) 0.043 | 0.00010° |0.00010 |>3214 
450..... 3 000) 3380 |0.020) 0.275) 0.028 | 0.000057°\0.000057| > 3380 
450..... 1 000} 3167 {0.013} 0.122| 0.010 | 0.000020°\0.000020| >3167 
* Rupture time. 
+’ These specimens exhibited a very low creep rate for a short time at the beginning of the test 
and true second stage creep later in the test. Only the latter value is reported herein. 
942 


| 


On CREEP AND RUPTURE OF CopPER-BASE CASTING ALLOYS 


TABLE V.—DETAILED CREEP AND CREEP-RUPTURE DATA FOR THE 
20 PER CENT NICKEL SILVER ALLOY. 
Transition to 
Initial | | traction Cup Elon- | Reduc- 
= Stress, | Duration, | Strain, Str * Upon gation, tion o 
psi hr per Sense per Area, 
cent | Percent | of Load, Plastic) cent 
cent 
450... .|34 000) 2500 12.06 | 12.20 0.304 |0.000015/0.000015|>2500) ... see 
450... ./30 000) 2814 7.2%| 7.32 0.249 |0.000005/0.000005)>2814| ... 
550... ./23 000) 3122 0.656) 0.671° wats ...  |0.00002 0.8 1.5 
550... .|20 000) 1518 0.281) 0.305 | 0.151 ... 
650... .|15 000 0.6°| 0.568 | 64.6 | 68.3 
650... .|10 000 3.5*| 0.122 wae cow G4 


* Specimen failed prematurely when jarred by rupture of specimen in adjoining unit. 
> Strain immediately prior to failure. 
© Rupture time. 


TABLE VI—DETAILED CREEP AND CREEP-RUPTURE DATA FOR THE 
81-4-15 SILICON BRASS ALLOY. 


T ition to 
Creep per cent Third-Stage 
: traction Creep Elon- | Reduc 
Tempera- | Stress, | Duration, | Upon ation, | tion of 
ture, deg fo | “ag rea, 
Fahr psi 4 Plastic| Pe per 
“8 | 28 | of Load, Ti Strai cent cent 
| Bp | Percent Second Final 
22) $8 Stage hr per 
5 cent 
en 40 000 | 1901 1.322/2.080) 0.375 |0.00016 |0.00016 |>1901 
30 000 | 2616 0.542/0.707| 0.247 |0.000016/0.000016)| > 2616 
20 000 | 2973 0.216/0.323) 0.165 |0.000017/0.000017| > 2973 
50 000 14.47/4.33 | ... coo >9 13.1 | 16.5 
40 C00 390° 10.024 140) 5.2 13.1 | 27.9 
35 OVO | 1793¢ (0.739) ... |0.0047 230) 1.8 13 17.9 
 — 30 000 | 1057 0.572/2.85 | 0.28 (0.0016 (0.0025 550) 1.5 ar 
20 000 | 3263 0.225/0.735) 0.181 |0.000115/0.000115| >3263 
ee 13 000 | 3401 0.111/0.260) 0.112 |0.000017\0.000017| >3401 
40 000 3.29.73 | .. 12.6 | 14.8 
30 009 40.3°7\0.548) .. 12.3 | 19.4 
15 000 | 1588¢ (0.141) . ... |0.0016 600) 1.2 6.6 | 11.4 
8 000 | 2351 0.072/0.554) ... {0.00014 |0.00017 1700) 0.40 
4 000 | 3000 = |0.034/0.205) 0.033 |0.000035/0.000043) 2300) 0.14 ° 
2 000 | 3194 0.025/0.107| 0.026 |0.000015|0.000015| >3194 


* Rupture time. 
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(a) 76Cu-244Sn-614 Pb-15Zn alloy. (b) 65,000 psi manganese bronze alloy. (c) 110,000 psi manga- 
nese bronze alloy. (d) 81-4-15 silicon brass alloy. 


Fic, 2.—Stress Versus Creep Rate and Rupture Time. 
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TABLE VII.—SUMMARY OF CREEP AND RUPTURE STRENGTHS. 


Creep ~ a Rupture Strength, psi 
Tem- 
pera- | C 
ture, | Rate | Rate 
deg of of 
Fahr | 0.00001] 0.0001 | 100 hr 1000 hr | 10,000 hr | 100,000 hr 
per per 
cent | cent 
per hr | per hr 
350 {11 900/16 400) 27 24 000 | 18 12 800° 
450 | 8 000/13 000) 17 700) 15 200 | 12 900°) 7 
550 | 3 000) 8 000} 12 100)10 100 | 6 300°) 2 000° 
65,000-psi manganese bronze. ...... 250 000/35 200)/>50 
350 | 6 200) 9 600) 37 000) 28 0002/18 000°| 11 600° 
450 1 700} 4 200} 18 100/10 200°| 5 900°; 2 500 
110,000-psi manganese bronze...... 250 |56 500) ... 
300 |32 500) ... 
350 |19 000/29 000) 61 45 000 | 33 000% | 22 500° 
450 | 0 500) 4 400) 24 000/15 500 | 9 4007; 5 000° 
20 per cent nickel silver............ 450 (32 500 
550 |22 200 
81-4-15 silicon brass............... 350 |28 000/38 000 
400 |18 000) ... 
450 000/19 44 000) 36 500 | 27 2007/19 000° 
550 1 400) 6 800) 25 200) 16 300 9 300°| 3 400° 
Extrapolated. 
14000 
12000 A 
Stress for Creep Rate of 
0.0000! hr 
10000 =, 
Yield Strength 
“OS (Adjusted to min) 
| 
6000 
+ Tensile Strength 
(Adjusted to min) 
4000 
Mox Allowable Stress + 
2000 | | 
Stress for Rupture \ 
in 100,000 hr 
| | 
-100 ie) 100 200 300 400 500 600 


Temperature, deg Fahr 


Fic. 3.—Maximum Allowable Stress for the 76Cu-2$Sn-6}Pb-15Zn Alloy Based on ASME Boiler 


and Pressure Vessel Code Criteria. 
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“adjusted to Min) Rupture 
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5 Stress for Creep Rate 100,000 hr af 
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o| @ | | | (o) 
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(Not — to wed 
35 000 
Stress Creep ‘Rote 
of 0.0000! per cent per hr 
30 000 
YA 
\ 
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20 OOO}- 4 
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WY (Adjusted to Min) 
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Yield Strength $ Tensile Strength 
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oL@ | | | | 
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Temperature, deg Fohr 


(a) 65,000 psi manganese bronze alloy. (b) 110,000 psi manganese bronze alloy. (c) 20 per cent 


nickel silver alloy. (d) 81-4-15 silicon brass alloy. 
Fic. 4.—Maximum Allowable Stress Based on ASME Boiler and Pressure Vessel Code Criteria, 


TABLE VIII.—MAXIMUM ALLOWABLE STRESS VALUES IN TENSION FOR FIVE COPPER-BASE 


CASTING ALLOYS: 
+s Maximum Allowable Stress, psi, for Indicated Maximum 
Specified Minimum Temperature, deg Fahr 
7 Material and 
a Specification Number Tensile Yield 
Strength, |Strength,| 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | S00 | 550 
psi psi 
16-2%-646-15, B 145 - 33. 25 000 12 000 | 6 100) 6 000) 5 900) 5 800) 5 700) 5 500) 5 200) 4 700, 3 900) 2 000 
65 
bronze, 65 000 25 000 [16 000/15 300)14 500/13 500\11 000, 6 200) 3 400) 1 700 
110,000 
110 000 60 000 [27 300/26 700/25 700\24 400\23 000/19 000 
20 per cent nickel silver, B 
ce 30 000 17 000 | 7 300) 7 200) 7 000) 6 900) 6 700) 6 600) 6 300) 5 800) 5 000) 3 600 
81-4-15 silicon "brass, B 


® Stresses based on criteria outlined in Appendix Q of Section VIII of ‘‘Rules for Construction of Unfired Pressure 
Vessels,”’ 1959. 


( 


00 


Maximum Allowable Stresses: 


The ASME Boiler and Pressure 
Vessel Committee has established criteria 
for selecting the maximum allowable 
stress values for non-ferrous materials. 
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(a) One-fourth of the tensile strength 
as adjusted to minimum.’ 

(b) Two-thirds of the yield strength (as 
defined in the material specification) as 
adjusted to minimum’ 

(c) The stress producing a secondary 


20 000 
(WI per cent) Rupture curve’ 
per cent, 
5 percent | | 
16000 per cent | per cent) 
| O.5 per cent | | 
12000 . 
~~ 10.2 per cent 
8000 
| 
| 
4000 — 
| | 
© 16000 
Vpercent |2 percent (4./ per cent) 
(3.7 per cent) | | 
12000 
O.5 perc a Rupture Curve 
8000 Transition to 
Creep 
4000 
(b) 
= 
= 10 100 1000 10000 
Time, hr 
; (a) At 450 F. (b) At 550 F. 


Fic. 5.—Stress Versus Time for Various Amounts of Plastic Strain and Rupture for 76Cu-2}Sn- 


6}Pb-15Zn Alloy. 


These criteria, as outlined in Appendix 
Q of Section VIII of “Rules for Con- 
struction of Unfired Pressure Vessels,” 
1959, are as follows: 


“Except for bolting materials, the maxi- 
mum allowable stress values may be deter- 
mined as the lowest of the following when 
the tensile and yield strengths are obtained 
from standard short-time tests: 


creep rate of 0.1 CRU (creep rupture units) 
or 0.1 per cent in 10,000 hr [0.00001 per 
cent per hr]. 

(d) The stress producing rupture in 
100,000 hr.” 


® Strength is adjusted to minimum by multi- 
plying the results at each temperature by the 
ratio of (minimum specified tensile or yield 
strength) to (actual room-temperature tensile or 
yield strength for the lot of material under test). 
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(Note: the 1956 code specified four-fifths 
of the stress for rupture in 100,000 hr.) 


The data presented in this paper, 
together with the elevated-temperature, 
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Figs. 3 and 4 as stress-versus-tempera- 


ture curves. 
These curves show the over-all 
relationship between short-time and 
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Fic. 10.—Isochronous Stress-Strain Curves for the 65,000 psi Manganese Beenee. 


short-time tensile data in the companion 
paper (1), were used to determine the 
maximum allowable stresses in the 
manner prescribed by the ASME code 
requirements. The results are shown in 


long-time strength properties, and they 
are helpful in determining the tempera- 
ture at which creep becomes significant. 
They do not, however, indicate the 
degree to which an alloy may be damaged 
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Fic. 13.—Microstructure of 11,000 psi Manganese Bronze Before and After Creep Testing for 
3167 hr at 450 F and a Stress of 1000 psi (X 500). Etched in lactic-nitric acids. 


Fic. 14.—Microstructure of 81-4-15 Silicon Brass Before and After Creep Testing for 3000 hr 
at 550 F and a Stress of 4000 psi (X 500). Etched in FeCl;-HCl. 
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through creep exposure. The creep 
stability of the alloy must also be con- 
sidered in designing for prolonged ele- 
vated-temperature application. Creep 
stability of these alloys was taken into 
account in tabulating the ASME 
maximum allowable stress values in 
Table VIII. 


Stress-Strain-Time Relationships: 


When design data are required for 
small amounts of strain in specified 
periods of time, “design curves” and 
isochronous stress-strain curves have 
proven to be optimum methods of pre- 
senting creep data. The data in this 
paper are presented both ways. 

The design curves in Figs. 5 to 8 show 
stress plotted against time for various 
amounts of plastic strain from 0.1 to 
5 per cent and for rupture for each of the 
alloys except the nickel silver. In the 
case of the nickel-silver alloy at all test 
temperatures, and the other alloys at 
certain temperatures, sufficient data 
were not available for this type of plot 
because only one or two tests were con- 
ducted. 

Creep data are also plotted in Figs. 9 
to 12 in the form of isochronous stress- 
strain curves. These curves show the 
total strain upon loading to a given stress 
and after various periods of time, up to 
2000 hr, at that stress. Plastic or creep 
strain can also be determined from these 
curves by subtracting the elastic strain 
(indicated by the elastic modulus line) 
or the load-on strain (indicated by the 
initial strain line), respectively, from the 
total strain. 


Creep-Stability Studies: 


To determine the effect of long-term 
exposure to stress and temperature on 
retained room-temperature tensile prop- 
erties, selected creep-tested specimens 
were subsequently tested in short-time 
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tension at room temperature. The re- 
sults are given in Table IX. 

As a result of exposure to elevated tem- 
peratures during creep, tensile yield 
strength increased and tensile ductility 
decreased in each specimen. In only 
two alloys was the decreased ductility 
considered serious. The 110,000-psi 
manganese bronze suffered a substantial 
loss of room-temperature ductility as a 
result of creep exposure at temperatures 
of 300 F and higher and was embrittled 
by creep exposure at 450 F. The 81-4-15 
silicon brass suffered a slight loss of 
ductility as a result of creep exposure at 
450 F and a substantial loss at 550 F. 
Metallographic examination of these 
specimens indicated the formation of an 
embrittling grain-boundary phase in 
both alloys. Representative microstruc- 
tures of these alloys are reproduced in 
Figs. 13 and 14. 

The microstructures of the 76Cu- 
23Sn-63Pb-15Zn and the 20 per cent 
nickel-silver alloys were also examined 
after creep exposure at 550 F, since this 
temperature is only slightly below the 
temperature at which the lead phase in 
these alloys begins to melt (1). However, 
the microstructures gf both alloys were 
unchanged by the creep exposure. 


Acknowledgment: 


The authors wish to thank the Brass 
and Bronze Ingot Inst., the sponsor of 
this program, for permission to publish 
the data. Appreciation is expressed to 
the various members of the Brass and 
Bronze Ingot Inst. for supplying the in- 
got metal and conducting the chemical 
analyses of the castings. Battelle Me- 
morial Inst. staff members who con- 
tributed to this program were W. H. 
Johnson, melting and casting; J. A. 
VanEcho, creep and rupture testing; and 
J. G. Kura and C. H. Lorig, advice and 


= 


(1) 


(2) 


(3) 


(4) W. F. Simmons, et al, “‘P: 


+ is 


W. H. Johnson and J. G. Kura, “Mechanical 
and Physical Properties of Five Copper- 
Base Casting Alloys,” Proceedings, Am. 
Soc. Testing Mats., Vol. 60, pp. 796 (1960). 
J. G. Kura and R. M. Lang, “Mechanical 
and Physical Properties of Three Low- 
Shrinkage, Copper-Base Casting Alloys,” 
Proceedings, Am. Soc. Testing Mats., Vol. 
58, pp. 775-790 (1958). 

W. F. Simmons and J. G. Kura, “The 
Creep Properties of Three Low-Shrinkage, 
Copper-Base Casting Alloys,” Proceedings, 
Am. Soc. Testing Mats., Vol. 58, pp. 
791-804 (1958). 


roperties of 70-30 


aA: 


~ 


On CREEP AND RUPTURE OF CopPpER-BASE CASTIN 


REFERENCES 


(5) 


(6) 


Copper-Nickel Alloy at Temperatures Rang- 
ing up to 1050 F,” Proceedings, Am. Soc. 
Testing Mats., Vol. 59, pp. 1035-1045 
(1959). 

J. G. Kaufman, Written discussion on 
“An Empirical Relationship Between Rup- 
ture Life and Minimum Creep Rate in 
Creep-Rupture Tests,” by Monkman and 
Grant, Proceedings, Am. Soc. Testing Mats., 
Vol. 56, pp. 606-612 (1956). 

F. R. Larson and James Miller, “A Time- 
Temperature Relationship for Rupture and 
Creep Stresses,” Transactions, Am. Soc. 
Mechanical Engrs., Vol. 74, No. 5, pp. 
765-775, July, 1952. 


| : 
2 
= = 
4 
= 
| 
a 


Nickel and nickel-base alloys tested in creep at relatively high tempera- 
ture and low stress sometimes fail in the fillet where stress is appreciably less 
than in the gage section. This behavior is observed to occur in air, but 


never in vacuum. 


Nickel and nickel-base alloys tested in 
creep sometimes unaccountably fail in 
the fillet where the stress is appreciably 
lower than in the gage section. This be- 
havior appears to be different from the 
type of failure at the extreme of the gage 
section which is generally attributed to 
a stress concentration. In the present 
case the anomalous fracture does not 
occur in vacuum but takes place only 
after creep in high-temperature air for a 
long time. Previous work by Shahinian 
and Achter has shown that environment 
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ANOMALOUS FRACTURE IN THE CREEP OF NICKEL* 


By T. C. ReutHer,! P. SHAHINIAN,' AND M. R. ACHTER? 


SYNOPSIS 


In the investigation of this anomaly, tapered nickel rods creep tested at 
1200 and 1500 F fractured at the minimum diameter section in all vacuum 
and mildly oxidizing air tests. However, under strongly oxidizing conditions— 
long times in air at 1500—the fracture position was progressively displaced 
into heavier sections as the applied stress was reduced. Similarly, conven- 
tional specimens of different diameters creep tested at the same stress revealed 
that fracture may occur sooner in larger sections. Metallographic studies 
showed that under highly oxidizing creep conditions small sections are 
strengthened more rapidly than large sections by the formation of load-bearing i, 
oxide which bridges intergranular cracks. Consequently, internal cracks which 
remain free of oxide lead to earlier failure in the larger sections. 

The anomalous fractures are explained on the basis of the relative extent of © 
oxide-filled and oxide-free cracks in small and large sections of the specimens. 


can have a dual role (1,2). Surface ad- 
sorption of oxygen can facilitate inter- 
granular crack initiation and propagation 
but subsequent oxidation of the cracks 
can impart creep resistance which is 
superior to that of the original material. 
Widmer and Grant (3) have also shown 
that oxidation can materially increase 
rupture strength and the results of Mc- 
Henry and Probst (4) as well as of 
Douglas (5) indicated that the strength- 
ening depends on section size. 

These environmental effects suggested 
that fracture takes place in the fillet 
when oxidation has prevented failure in 
the gage section. To investigate the 
mechanism of this anomalous fracture, 
creep-rupture tests and metallographic 


3 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
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Fic. 1.—Tapered Creep-Rupture Specimen. 


TABLE I.—CREEP-RUPTURE RESULTS OF 
SHOW THE EFFECT 
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Conventional rod-type specimens 0.250 
and 0.357 in. in diameter were used to 
separate the effects of section size and 
stress which are indistinguishable in 
tapered rods. These were machined from 
hot-rolled nickel of 99.8 per cent purity 
which contained as impurities carbon, 
silicon, copper, and iron. The tapered 
specimens were produced from one lot of 
material while the conventional ones | 
were fabricated from another. Following : 
machining, an anneal of 2 hr at 1700 F in . 
a vacuum of 10-° mm of mercury gave 

an average grain diameter of 0.1 mm. 

Creep rupture testing was performed in 

air with conventional constant load 


TAPERED NICKEL SPECIMENS WHICH 
OF ATMOSPHERE. 


Initial Stress ; 
Temperature, deg Fahr | at Minimum Atmosphere eee ~} Life, Fracture Position 
Diameter, psi 
9000 air 103 minimum diameter 
vacuum 133 minimum diameter - 
5500 air 849 minimum diameter 5] 
vacuum 1190 minimum diameter i 
4500 air 25.5 minimum diameter _ 
vacuum 53.3 minimum diameter _ 
2500 air 220 0.158 in. from minimum diame- 
ter 
vacuum 145 minimum diameter 


studies were conducted on specimens 
with tapered gage sections and on con- 
ventional ones of two different diameters. 
A mechanism based on the rupture 
strength of oxide layers is offered to ex- 
plain the observations. 


TEST PROCEDURE 


In order to reproduce the fillet frac- 
ture behavior under conditions which 
facilitate the location of the fracture 
position with respect to the minimum 
section and which improve the accuracy 
of diameter measurement, a tapered gage 
section was employed as shown in Fig. 1. 


equipment and in a vacuum of less than 
10-5 mm of mercury in equipment de- 
scribed by Shahinian (6). 


Test RESULTS | 


Tapered Specimens: 


An initial series of creep-rupture tests 
was run on tapered rods at 1200 and 
1500 F in air and in vacuum to define the 
conditions under which anomalous frac- 
ture would take place (Table I). A dis- 
placement of the rupture location from 
the minimum section was observed only 
in air at a temperature and stress where 


the rupture life is greater than in vac- 
uum. 

A second series was run to follow more 
closely the relationship of rupture life to 
fracture location. In Fig. 2(8) it is evident 
that as test life increases, failure takes 
place at progressively greater distances 
from the minimum section. At an initial 
stress of 2000 psi rupture occurred after 
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slope of the stress versus rupture-life plot 
(Fig. 2(a)) indicative of pronounced oxi- 
dation strengthening has been discussed 
previously (1-5). 

Macrographs of longitudinal sections 
in Fig. 3 graphically show the displace- 
ment of the fracture location and its 
relationship to the pattern of intergranu- 
lar cracks. Of prime importance to the 


Anomalous Fracture Behavior. 


350 hr of creep at a location where the 
stress was 12 per cent less than at the 
minimum diameter (Fig. 2(c)). A 24 per 
cent difference was observed when, after 
2200 hr of creep at 1850 psi, the load was 
increased until fracture occurred. These 
differences were computed from the re- 


2 
lationship 1 ( ) where d,, and 


d; are the diameters, measured after rup- 
ture, at the minimum and fracture loca- 
tions, respectively. The discontinuity in 
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Fic. 2.—Creep-Rupture Results of Tapered Nickel Rods Tested in Air at 1500 F Showing the 


Star indicates interrupted, fractured by increasing load to 2360 psi. 


interpretation of these results was the 
observation that there were no internal 
cracks beyond the fracture position. It 
was found that the detailed study of the 
failure mechanism was facilitated by the 
presence of an incipient fracture at an 
equivalent position on the opposite taper, 
as shown clearly in Fig. 3(c). Microscopic 
examination of this area revealed that 
the last crack at the center line (Fig. 4) 
was free of oxide, those close by were 
partially filled, and those near the mini- 
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(a) 4500 psi. 


(b) 3000 psi. 
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) (c) 2000 psi. 

€ Fic. 3.—Macrographs of Unetched Longitudinal Center Sections of Tapered Nickel Specimens 
i Creep Tested to Failure in Air at 1500 F (X9 before reproduction). ee - 
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mum section were completely filled with 
oxide. All surface cracks were completely 
oxide-filled. 

An appreciation of the sequence of 
events leading to the pattern described 
above was obtained by examination of 
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Fic. 4.— 
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Microscopic examination of the sec- 
tions in Fig. 5 reveals that all surface 
cracks are fully oxidized, even in the 
early stages. Cracks which are initiated 
internally, however, at first may be free 
of oxide, but those in the small-diameter 


Taken at the Incipient Fracture Showing Oxide-Free (top) and Fully Oxi- 


‘Micrograph 
dized (bottom) Cracks in a Tapered Nickel Specimen Creep Tested in Air at 2000 psi and 1500 F. 
Rupture life, 350 hr; unetched (X250). 


specimens interrupted at a series of times 
before rupture. In Fig. 5 it can be seen 
that at the site of eventual failure there 
are no cracks at the center line after 300 
hr but there are after 325 hr. It is shown 
quite clearly in this set of macrographs, 
as well as in Fig. 3, that cracking at the 
surface precedes that taking place in- 
ternally, 


sections become completely oxide-filled 
before fracture. 


Conventional Rod-T ype Specimens: 


In the experiments described above it 
is difficult in tapered sections to distin- 
guish between the effects of variations in 
section size and in stress. To supplement 
these data and make possible the separa- 
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(d) Fractured 350 hr. 


Fic. 5.—Macrographs of Unetched Longitudinal Center Sections of Tapered Nickel Specimens 
Interrupted During Creep in Air at 2000 psi and 1500 F (X9 before reproduction). = 
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: 
(a) Interrupted 263 h 
> 
b) Interrupted 30 
@ (c) Interrupted 325 hr : 


tion of the two factors, creep-rupture 
tests were run on two sets of conventional 
specimens with diameters of 0.250 and 
0.357 in. At each stress the rupture life 


TABLE  II.—CREEP-RUPTURE  RE- 
SULTS OF CONVENTIONAL 0.250- AND 
0.357-IN. DIAMETER SPECIMENS IN AIR 
AT 1500 F. 


| Mini- 
Stress, | Diam- | Rupt | 
| Rate, thon | ‘Area, 
| cent cent | cent 
per hr 
3000 { 0.250 59.3) 0.087) 8.3 | 5.0 
0.357 47.0) 0.106, 10.7 | 5.8 
0.250 76.8, 0.053} 9.1 | 4.4 
2800...{ 0.357/ 61.6) 0.078, 9.9| 5.2 
2700....| 0.250| 126 | 0.032} 8.4| 4.6 
0.250 > 2560 
2600...{ 0.357 74.6) 0.055} 8.7 | 5.4 
2550....| 0.357; 123 | 0.029} 9.2 | 3.5 
2500... 21.0") 


0.357| > 2460° | 


* Interrupted, ruptured by adding shot to 
load pan; total elongation measured prior to 
addition of shot. 
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was longer and minimum creep rate was 
lower for the smaller diameter section 
(Table II). The sharp change of slope in 
Fig. 6 indicative of pronounced oxidation 
strengthening appears at a higher stress 
for the smaller specimen. Accompanying 
the greater oxidation strengthening, how- 
ever, is an embrittling effect; the elonga- 
tion and reduction of area values are 
lower. The high values of elongation 
measured after long times is a conse- 
quence of the large volume of oxide gen- 
erated in grain boundaries and is not 
indicative of ductility in the usual sense. 

An understanding of the sequence of 
events leading to failure away from the 
neck of the tapered specimens may be 
gained from the creep curves of Fig. 7. 
Initially the second-stage creep rate of 
the smaller specimen, under the influence 
of the higher stress, is the greater. With 
the advent of intergranular cracking both 
go into third stage, but only the smaller 
survives to enter a fourth stage where 
the creep rate becomes lower than in the 
second stage. The interpretation given 
for this behavior is that the generation 


5000}— 
4000}— = 
3000 i 
4 
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Fic. 6.—Initial-Stress Versus Rupture-Life Curves for Conventional 0.250- and 0.357-in. Diame- 


ter Specimens Creep Tested in Air at 1500 F. 


of intergranular cracks results in accel- 
erated transport of oxygen inward, with 
attendant oxidation strengthening of the 
interior. Since the distance oxygen must 
travel is shorter for the smaller section, 
it is more thoroughly strengthened. Con- 
sequently the seemingly anomalous re- 
sult is observed that a longer rupture 
life results from a higher stress. In effect, 
it appears that the upper and lower 
curves of Fig. 7 represent the creep 
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cracks initiated at the surface, while in 
the larger section they are clean and 
more isolated (Fig. 9). Although the 
surface cracks of both size rods are 
oxide-filled, the proportion of the cross- 
section occupied by this oxidized layer is 
greater for the smaller diameter. 


DISCUSSION 


A mechanism for the displacement of 
fracture to a position of larger diameter 


processes occurring in the small- and 
large-diameter section, respectively, of 
the tapered specimen. 

A similarity also exists in cracking in 
the large- and small-diameter rods and 
the corresponding regions of the tapered 
ones. For example, after failure at 2800 
psi there were more cracks in the interior 
of the smaller specimen than of the 
larger (Fig. 8). In the smaller section, 
detailed microscopic examination reveals 
that the internal cracks tend to be oxi- 
dized and appear to be continuations of 


ba | | | | | | | | | 
Interrupted 
aot 2563 hr 
S 0.250 in. diam-2600 psi Elongation 
8 Fracture 
a 
2 
o 
s 0.357 in. diam- 2550 psi 
4 
\?) 20 40 60 80 100 120 140 160 180 
Time, hr 


Fic. 7.—Creep Curves of Conventional Specimens Tested in Air at 1500 F Which Show That = 
Failure May Occur Earlier Under a Lower Stress in a Larger Diameter Rod. 


is suggested by the creep results and 
metallographic observations. It is evi- 
dent that some oxidation strengthening 
process acts to prevent or delay failure 
in small diameters. Several processes by 
which oxidation might increase rupture 
strength have been listed by Shahinian 
and Achter (2). In addition to the well- 
known process of hardening by internal 
oxidation, it was suggested that the solid 
oxide layers which bridge intergranular 
cracks can sustain a normal tensile stress 
and prevent fracture. In support of this — 


(b) 0.357-in. diameter rod after 61.6 hr (X10). 

Patterns in Longitudinal Sections of Rod Creep Tested to Failure in Air at 2800 
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(a) 0.250-in. diameter rod after 76.8 hr (X10). 
} 
> 
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(a) Fully oxidized crack at center of specimen. 


; : (b) Oxide-free internal cracks at center of specimen. 
_ Fic. 9.—Enlargements of Cracks Shown in Fig. 8 (250). 


mechanism it has been shown that the 
rupture strength of nickel oxide layers 
sintered together is of the right magni- 
tude to perform this function (7). In the 
light of the demonstration that an oxide 
bond can support a tensile load, the 
events leading to the anomalous fracture 
of tapered nickel rods at high tempera- 
ture and low stress (strain rate) can be 
described as follows: 

Intergranular cracks first appear at 
the surface of the regions of small diam- 
eter and, subsequently, spread to the 
heavier sections. Later than the advent 
at the surface and at a slower rate, 
cracks also initiate and grow internally, 
starting at the neck and spreading to the 
heavier sections. In contrast to those at 
the surface, cracks in the interior are not 
always filled with oxide; initially they 
are clean but fill up subsequently. They 
do not cause fracture at the minimum 
section for two reasons. The heavily 
oxidized surface layers can support the 
load, and before these internal cracks can 
be propagated extensively, they are 
rapidly strengthened by oxidation made 
possible by the shorter distance for oxy- 
gen transport. 

As the crack pattern extends into the 
heavier sections, two changes occur. The 
relative extent of surface cracking de- 
creases and the transport path for oxygen 
to the interior increases. These changes 
act to reduce the strengthening effect of 
the oxidized surface cracks and to in- 
crease the extent of oxide-free internal 
cracks. Eventually a diameter is reached 
at which the combination of a more ex- 
tensive internal crack network together 
with reduced surface oxidation lowers the 
load-bearing capability to the point 
where failure occurs. 

In support of this mechanism, it can 
easily be shown that the oxidized surface 
layers at the neck of the taper can sup- 
port the creep load. In Fig. 5(6) the 
surface crack depth at the neck is about 
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0.06 in. After a 300-hr sinter at 1500 F 
the rupture strength of the oxide is ap- 
proximately 3000 psi (7). Therefore, the 
surface layer alone can support a tensile 
load of 111 lb whereas the applied load 
is 98 lb. It would appear, then, that rup- 
ture occurs at the section where the ap- 
plied load is approximately equaled by 
the load-bearing capacity of the surface 
layer. For this reason a decrease in stress 
results in displacement of fracture posi- 
tion to a region of larger diameter where 
the oxidized layer is shallower. 

The anomalous fillet fractures which 
stimulated this investigation are ob- 
served only in air at high temperatures 
and low strain rates. Since these are the 
conditions for displacement of rupture 
from the neck of the taper, it is concluded 
that the mechanism is the same for both. 


SUMMARY AND CONCLUSIONS 


The anomalous fillet fractures which 
nickel and nickel-base alloys exhibit 
when creep tested in air for long times 
at high temperatures have been investi- 
gated. Tapered rods and conventional 
0.250- and 0.357-in. diameter specimens 
of nickel have been tested in air and 
vacuum at 1200 and 4500 F. The follow- 
ing results and conclusions are noted: 

1. In air at 1500 F and stresses below 
3500 psi, the tapered rods failed in pro- 
gressively larger diameter sections as the 
applied stress was reduced. This displace- 
ment of fracture position from the neck 
of the taper occurred only under condi- 
tions where rupture life was greater in 
air than in vacuum. 

2. Under the same air strengthening 
conditions, the smaller of the conven- 
tional specimens had a longer rupture 
life, indicating that the fracture behavior 
of the tapered rods results from size, not 
stress, effects. 

3. Metallographic evidence shows that 
the greater strengthening of the smaller 
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sections is due to more complete bridging 
of intergranular cracks by load-bearing 
oxide. In the larger diameters, the rela- 
tively smaller penetration of oxidized 
surface cracks and the longer oxygen 
transport path to the interior permit the 
growth of oxide-free internal cracks 
which lead to failure. 

4. It is concluded that the fillet failure 
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of nickel in creep is due not to stress 
concentration but to preferential oxida- 
tion strengthening of the small-diameter 
gage section by load-bearing oxide. 
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Mr. R. F. Decker! (presented in 
written form).—The authors are to be 
congratulated on another in a series of 
papers which have thrown light on creep 
and atmosphere phenomena. 

The degree of microcracking found 
during creep, especially that at 1500 F, 
is surprisingly high. Likewise, ductility 
is low. Do the authors consider that this 
is inherent from the deformation mecha- 
nism, or are there trace elements in the 
experimental nickel which enhance mi- 
crocracking? Any chemical analyses that 
the authors could provide would be help- 
ful in settling these questions. 

Messrs. T. C. REUTHER, P. SHAHINIAN, 
AND M. R. ACHTER (authors).—The only 


Supervisor, Nickel and Stainless Alloy 
Research, International Nickel Co., Inec., Re- 


search Laboratory, Bayonne, N. J. oe 


analysis we have available for the specific 
lot of nickel used for the tapered speci- 
mens is the supplier’s “heat analysis.” 
It is as follows: 0.03 per cent carbon, 0.01 
per cent manganese, 0.007 per cent 
silicon, 0.01 per cent copper, 0.02 per 
cent iron and 99.8 per cent nickel. We 
have recently used 99.99 per cent nickel 
for some creep-rupture work and have 
found less intergranular cracking for the 
amore pure material. 

Messrs. H. E. McCoy anp J. R. 
WEIR? (presented in wrilten form).—The 
phenomenon disclosed by the authors in 
this paper is quite interesting. However, 
there are several points relative to both 
the experimental work and the interpre- 


2? Metallurgy Division, Oak Ridge National 
Laboratory, Operated by Union Carbide Nu- 
clear Co., Oak Ridge, Tenn. 
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tation of the results that should be clari- 
fied. 

In examining the results shown in Fig. 
2 of the paper, it is observed that the 
point marked with an asterisk is plotted 
at 1850 psi and approximately 2200 hr. 
The authors state that the specimen did 
not rupture until the load was increased 
to 2360 psi. What justification do the 
authors have for plotting this point on 
Fig. 2? 

It is noted that actual stress rupture 
in one case was displaced from the mini- 
mum cross-section by approximately 0.25 
in. The cross-sectional area at this point 
is 1.13 times the minimum area in the 
specimen. Using an activation energy for 
self-diffusion of 70 kcal per mole, a 
temperature increase of 5 C at the frac- 
ture position could account for the dis- 
placement in fracture position. For the 
other three specimens that showed a dis- 
placement in fracture position, a tem- 
perature increase of only 2 or 3 C could 
account for the observations. The au- 
thors should present evidence to in- 
validate this possibility. 

The authors propose a mechanism that 
requires the formation of oxide-filled 
cracks wherein the oxide is continuous 
across the cracks and capable of support- 
ing a load. The evidence presented in 
Figs. 4 and 9(a) of the paper indicates 
that the larger cracks are not filled with 
oxide that is continuous across the 
cracks. The authors mention some un- 
published work in support of the pro- 
posed strengthening mechanism in which 
it was found that the oxide could support 
a 3000-psi load after a 300-hr sinter at 
1500 F. It is difficult to determine the 
justification for using this in support of 
the mechanism since, as is shown in Fig. 
5 of the paper, the maximum sintering 
time between the first appearance of 
surface cracks and rupture of the speci- 
mens is approximately 100 hr. The 
strengthening effect in this nickel could 
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be due to internal oxidation of impurities 
and the resulting dispersion of oxide 
particles such as that observed by Grant 
et al.?- 

Messrs. REUTHER, SHAHINIAN, AND 
ACHTER.—The point marked with an 
asterisk in Fig. 2(@) was plotted at 1850 
psi because that was the creep load for 
2203 hr. At that time the load was in- 
creased in increments every half hour. 
Rupture occurred several minutes after 
the final load was applied. The value of 
2360 psi was the stress at the point of 
failure—a position almost at the shoulder 
of the specimen. The point is plotted in 
Fig. 2(b) to show where the specimen was 
weakest after 2203 hr at 1850 psi in air. 

In their second point Messrs. McCoy 
and Weir suggest that a temperature 
gradient of 3 to 5C could cause the 
anomalous fracture shifts. If these gra- 
dients exist, this could indeed be true. 
However, there is no reason to assume 
that these gradients would exist only 
during tests in air at low stress and high 
temperature. If a temperature gradient 
caused the anomaly, it would also be 
observed in vacuum, in air at 1200 F and 
in air at 1500 F at the higher stress levels. 
Such is not the case. . 

In the calculation of the load sup- 
ported by the oxide, we used the rupture 
strength measured by Cass and Achter 
at this laboratory. Nickel specimens were 
preoxidized at 1500 F, sintered together 
at the same temperature, and pulled to 
rupture. The rupture strength, after an 
initial steep rise, changes very little with 
sintering time so that the choice of 300 hr 


3R. Widmer and N. J. Grant, ‘“‘The Role of 
Atmosphere in the Creep-Rupture Behavior of 
80 Ni-20 Cr Alloys,”’ Transactions, Metals 
Soc., Am. Inst. Mining, Metallurgical and 
Petroleum Engrs., Vol. 92, p. 885, Dec., 1960. 

4A. S. Bufferd, K. M. Zwilsky, and N. J. 
Grant, “Hard Particle Strengthening of Re- 
fractory Metals for High Temperature Use 


Through Internal Oxidation,’’ Final Report on 
Navy, Bureau of Aeronautics Contract NOas 
59-6223-c, AD-245401, June, 1960. 
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for the sintering time is not critical. 
Finally, it is not necessary that the oxide 
be void-free to be able to support a load. 
Metallographic study of unruptured 
specimens after various times of sinter- 
ing has shown that the interfaces in our 
sintered couples have a very similar 
appearance to the grain boundaries in 
our tapered creep specimens. They con- 
tain many voids which are not com- 
pletely filled even after a 600-hr sinter. 

The authors recognize that internal 
oxidation also contributes as a strength- 
ening process in nickel and nickel-base 
alloys. Internal oxidation would pene- 
trate equally along the tapered gage 
section. Therefore the strengthening con- 
tribution to a specimen would actually 
be greater in the large than in the small 
sections, for it would affect a greater 
volume (for a given linear penetration) 
in the larger sections. The authors there- 
fore do not feel that the strengthening 
contributions of internal oxidation can 
account for the fracture anomaly. 

Mr. Howarp S. Avery.’—This paper 
involves a hypothesis that the oxide is 
actually stronger than the metal in 
carrying the load at high temperature. 
Some confirmation of this is perhaps con- 
tributed by our experience in creep test- 
ing a 26 per cent chromium - 20 per cent 


5 Research Metallurgist, American Brake 
Shoe Co., Research Center, Mahwah, N. J. 


nickel alloy as part of a program to define 
the load-carrying ability of cast heat- 
resistant alloys over the range from 1800 
to 2300 F. 

These tests are made in furnaces 
heated with a platinum-rhodium alloy 
wire resistance winding. In one test in- 
tended to run for 10,000 hr, the furnace 
burned out after 7852 hr at 2200 F. The 
specimen was carrying the load of 300 
psi satisfactorily at 2200 F, but it broke 
while it was being removed from the 
furnace. Examination of cross-sections 
showed widespread internal oxidation 
that penetrated to the center. The ap- 
pearance of this dendritic and intergran- 
ular oxidation led to the conclusion that 
the oxide was at least as strong as the 
metal itself. Of course it was more brittle, 
which accounts for its fracture during 
handling. 

We extrapolated the 2200-F time-to- 
rupture line on the customary log-log 
plot and plotted 7852 hr as though it 
were an ordinary rupture point. It ap- 
peared appreciably stronger than we 
would have guessed from extrapolation. 
This again suggests that our ceramic 
material, the oxide cementing the walls 
of what otherwise would be cracks, is as 
strong or stronger than the metal itself. 
This seems to add weight to the authors’ 
hypothesis that nickel oxide is a strong 
material at these high temperatures. 
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Creep-rupture and fatigue properties were obtained in helium environ- 
ment for Inco 713C and Inconel X at 1300 F and for Inco 700 at 1500 F. 

The creep-rupture properties in helium were, for design purposes, equiv- 
alent to published results in air. Sufficient air fatigue data were not availa- 
ble to permit a comparison with the generated fatigue data in helium. 


The use of helium as a working fluid in 
a closed cycle gas turbine is a departure 
from the usual oxidizing combustion 
gases. Therefore, information on mate- 
rials in nonoxidizing environments was 
required to permit informed engineering 
design decisions with a minimum of un- 
certainty. 

A review of the literature showed that 
some creep-rupture and fatigue testing in 
nonoxidizing environments had _ been 
done. The results of one study showed a 
marked lowering of short-time (up to 500 
hr) creep-rupture and ductility proper- 
ties of several commercial alloys (1). 
Other studies indicated that the creep- 
rupture behavior of pure nickel and 
nickel-chromium alloys were altered in 
nonoxidizing environments (2-4). Pre- 
liminary fatigue test results at high 
amplitudes and very low cycling rates 
suggested a lowering of fatigue properties 


* Presented at the Sixty-fourth Annual Meet- 
ing of the Society, June 25-30, 1961. 

! Westinghouse Electric Corp., Small Steam 
and Gas Turbine Department, Steam Division, 


Lester, Pa. 


2 Westinghouse Electric Corp., Central 
Laboratories, Materials Laboratories, Pitts- 
burgh, Pa. 


’ The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


CREEP-RUPTURE AND FATIGUE PROPERTIES OF THREE 
_ NICKEL-BASE ALLOYS IN HELIUM ENVIRONMENT* 


SYNOPSIS 


in vacuum at long times-to-rupture for 
fatigue (5). 

The design of the closed cycle gas 
turbine rotating blades required a thor- 
ough knowledge of long-time metal be- 
havior at operating temperatures. There- 
fore it was deemed necessary to perform 
long-time creep-rupture and fatigue tests 
in helium. Consideration of design re- 
quirements led to the selection of Inconel 
X and Inco 713C alloys for evaluation 
at 1300 F and Inco 700 alloy for evalua- 
tion at 1500 F in helium environment. 


Test MATERIALS 

Inconel X and Inco 700 were supplied 
as fully heat-treated bar stock. Both al- 
loys were prepared by induction melting 
in air. 

Inco 713C was received and tested in 
the as-cast condition. Two methods of 
preparing the alloy were evaluated: air 
melting the master heat and casting in 
argon, and vacuum melting the master 
heat and casting in vacuum. 

The chemical compositions and heat 
treatments are listed in Table I. 
Specimen Preparation: 

A combination notch- smooth bar 
specimen was used in all creep-rupture 
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tests (Fig. 1). With this type of speci- 
men, an alloy notch-sensitive at a test 
temperature will generally exhibit notch 
failure prior to a smooth bar failure. The 
smooth bar portion is then available for 
additional testing. Because of the greater 
strength of Inco 713C, the test diameters 
of the Inco 713C specimens (0.310 in.) 
were made smaller than the Inconel X 
and Inco 700 specimens (0.357 in.). 

The dimensions of the axial type fa- 
tigue specimen are shown in Fig. 2. The 
notched fatigue specimens were geo- 
metrically similar to the unnotched speci- 
mens with the exception of a V-notch 
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to size with a single point tool ground to 
the notch contour. 

The unnotched fatigue specimens were 
rough machined 0.025, in. oversize, rough 
ground to 0.008 in. oversize, then finish 
ground in 0.002 in. steps to 0.001 in. 
oversize. Polishing in turn with Nos. 180, 
400, and 600 grit abrasives completed the 
preparation. 

The Inconel X and Inco 700 notched 
fatigue specimens were rough machined 
to 0.020 in. oversize, and rough ground 
to 0.007 in. oversize. Following the finish 
griding operation, the notches were pol- 
ished with a braided string using a 600- 


= 


5 -20 Threads 
§Rodius > waa 
Notch Root 


Fic. 1.—Combination Notch - Smooth Bar Creep-Rupture Specimen. a 
4 


All dimensions in inches. Polish finish with No. 000 emery cloth. 


Alloy Major Diameter, in. Minor Diameter, in. | Notch Root Radius, in. 
having a minor diameter of 0.252 im., gas 
major diameter of 0.360 in., and a radius 0.438 Diom /.0438Dem “ie 
of 0.007 in. located at the center. Joon, ,0252 Dom 

The configuration of the notch in both Fi 1 
the creep-rupture and fatigue specimens os7s—> || £7 
was selected to give a theoretical notch 
concentration factor of 3.9 according to 
Peterson (6). le 4250 --— 


In view of the significance of cold work- 
ing and residual stresses on fatigue and 
notch creep-rupture properties, consider- 
able care was taken in preparing the 
specimens. 

For the Inconel X and Inco 700 creep- 
rupture specimens, the notches were 
crush-formed ground to size. The Inco 


Fic. 2.—Axial Fatigue Specimen. ) ' 


Nore.—Finish to W surface quality all over 
(ASA B46.1). All dimensions in inches; all angles 
+ 14 min. 


mesh abrasive. The notches of the Inco 
713C specimens were rough machined to 
0.010 in. oversize, and finish machined to 
size with a carbide tool ground to the 
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notch contour. Final polishing operation 
was the same as for the ground notch 
specimens. 


Test SYSTEM AND PROCEDURE 


The basic creep-rupture test frames 
used for testing in helium environment 
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SF-4 fatigue machines (Fig. 3). In this 
machine, a specimen is subjected to a 
push-pull cyclic stress at a rate of 60 
cps. Temperature variation is held to 
+3F and thermocouples are attached 
directly to the specimen. 

The systems consisted of four main 


Of Test 


were of the lever arm type having a 
mechanical advantage of 20 to 1. Tem- 
perature variation was held to +3 F and 
thermocouples were attached to the 
lower, middle, and notched sections of 
the specimens. Bellows located on vac- 
uum-tight furnace muffles permitted 
specimen elongations during the tests. 
For the fatigue tests in helium, vac- 
uum-tight test chambers were designed 
and constructed for use on two axial type 


| ee 1-1/8 in. Approx. To Spherical Cooling Woter 
ja Fixed Platen Set Screw 

Of Testing Machine Ny “O" Ring 

: Split Key Ring 1 Lower Compression Ring 
Supporting Bolts 

Gos inlet Li 
~Conax TC Glond 


Oscillating | Ploten 


» 
Fic. 3.—Controlled Environment Axial Fatigue Chamber. 


Machine 
per 
parts: a gas supply, test chamber, evacu- 
ation equipment, and exit line. The en- 
vironment used for these tests was 
Bureau of Mines grade A helium. The 
test chambers, both creep-rupture and 
fatigue, were vacuum-tight muffles sur- 
rounded by standard resistance-wound 
furnaces. A 0.010 in. thick zirconium 
sheet lined the “hot zone” of the muffle 
and served as an oxygen getter. The 
evacuation equipment consisted of a 
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mechanical fore pump, an oil diffusion 
pump, and appropriate pressure measur- 
ing devices. The pumps were capable of 
evacuating the systems to 1 X 107? yw at 
the test temperatures. The exit line con- 
sisted of a cold trap, surge trap, mercury 
column, and a flow rate measuring device. 
The cold trap prevented back diffusion 
of mercury vapor. 

Prior to each test, the muffle, bellows, 
zirconium sheet, and specimen string 
were thoroughly cleaned and the system 
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After the leak rate was obtained at the 
test temperature, helium was permitted 
to flow at a rate of } cu cm per sec and at 
a pressure of 5 psig. The appropriate 
load was applied after the temperature of 
the specimen became stabilized. 

A mass spectrometer technique was 
utilized to analyze impurities of low 
levels in helium (7). Essentially, the 
technique utilizes a cooling procedure to 
concentrate impurities to permit the 
analysis with a mass spectrometer. Sev- 


TABLE II.—GAS ANALYSES FROM SEVERAL FATIGUE AND CREEP- 
RUPTURE TESTS. 


Impurities, ppm 
3 
~ eS £3 = 3 
3.0/11.0/15.0| 9.0/40.50| tank No. 
105720 
Inco 718C......... fatigue........ tank No. 
105720 
Tank No. 105720... 1.8] 6.0/10.5| 0.5/19.20) 
Inco 713C.......... fatiqus......... ...| 1.7/12.8| 2.0117.00 
Inco 700.......... tations. ........ 145|0.3|...|...\0.1| 4.3120.1|12.7/38.50 
Inconel X..... 168). 2.0/76.90 
3.6)11.3)13.2) 2.6)20.20 
2.3] 6.4|13.7|28.7|53.20 
creep-rupture. .{ 500|2.9|1.0}.. 
creep-rupture. . 18.1/18.9 43 .3/89.40 


made leaktight. The system, back to and 
including the pressure gage on the gas 
container, was evacuated at a pressure 
level below 1 yw until a leak (decay) rate 
of 0.003 yw liters per sec was obtained. 
This procedure was repeated at about 
400 F and again at test temperatures. At 
each temperature rise, the heating rate 
was sufficiently slow to ensure that the 
pressure in the system did not exceed 1 
u. For the fatigue tests, the specimen was 
cycled at 50 per cent of the test stress at 
the test temperature while the leak rate 
was measured. This was done to ensure 
that the vibratory loading did not pro- 
duce leaks in the system. _—— 


_ Indications of the purity level of the 


eral analyses are shown in Table II. 
Comparing impurity levels in samples 
taken from the systems during two tests 
with the impurity levels of a sample taken 
directly from the gas container (items 1, 
2, and 3) shows that the total impurity 
levels were slightly higher in the test 
samples. However, the oxygen levels were 
similar. On other analyses, the total im- 
purity levels are less than 100 ppm and 
the oxygen levels are less than 10 ppm in 
most cases. It should be noted that 
Bureau of Mines grade A helium gener- 
ally contains a maximum of 50 ppm total 
impurities with less than 5 ppm oxygen. 
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gas during a test can be realized by the 
relative discoloration of the specimen 
surfaces after testing. In this program, 
about one-half the creep-rupture and all 
the fatigue specimens were relatively 
bright. The balance of the creep-rupture 
specimens were slightly tinted. 


Test RESULTS 


Prior to formal presentation of the 
data, several test criteria require ex- 
planation: 

The fatigue strength is defined as the 
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Inconel X: 


Creep-Rupture.—All but one of the In- 
conel X specimens tested in helium at 
1300 F failed in the notch sections (Fig. 
4(a)). However, there appears to be a 
general leveling off of both the notch and 
smooth bar curves at longer rupture 
times. This is substantiated by a test at 
30,000 psi still in progress after 7000 hr. 
The estimated rupture time from pub- 
lished air data at 1300 F and 30,000 psi 
is 10,000 hr. Thus, it appears that the 
long-time rupture properties of Inconel 


4 68 2 4 6 4 6 
4000 © —Smooth Bor 
30 000}— 4 -Notch Bor 
2 o>—Test in Progress | 
20000 
10 OOO} — 
(a) | | 
| 
§ 60 + 
aS 
| 
8 
Ss 
20 
(c) | | | 
100 1000 10000 
Time, hr 
Fic, 4.—Creep-Rupture Properties of Inconel X at 1300 F in Helium. 


stress at which an alloy will accept 108 
cycles. Combined load fatigue tests were 
made using an alternating-to-steady 
stress ratio of 0.25. The cycling rate 
used for the fatigue tests was 60 cps. At 
this rate 108,000,000 cycles represents 
500 hr test time. The notch factor, K,; , 
is defined as the ratio of the unnotched- 
to-notched fatigue strength. The notch 
sensitivity factor, g, is defined as: 

K, 
where K, = theoretical notch concen- 
tration factor. 


q 


X at 1300 F are not seriously lowered in 
helium. 

The elongation values (Fig. 4(d)) 
measured on the ruptured smooth bar 
specimens were low, 1.5 to 2.0 per cent 
reflecting the marginal notch sensitivity 
of the alloy at 1300 F in helium. The re- 
duction of area values (Fig. 4(c)) reached 
a minimum level at approximately 2500 
hr. 

Fatigue——The stress-cycle data for 
Inconel X at 1300 F in helium are plotted 
in Fig. 5(a), and the fatigue strengths 
and notch factors are listed in Table ITI. 
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80 000}-— Inconel-X-1300 F ] 
w 40000 T 
| 
& 20000 
(a) | 
$98 Inco 713C-1300 
60 Kt Symbol | Vacuum Melt: 
40 OOOF Ratio Factor — 
(b) 
Inco 700-1500 F 
z 60000 + = 
40.000 
& 20000 
(c) | | 
10 000 . 
io” 5 10 10° 5 10° 5 
Cycles to Failure 
Fic. 5.—S-N Curves of Inconel X, Inco 713C, and Inco 700 in Helium. 
TABLE III.—FATIGUE STRENGTHS AND NOTCH FACTORS. 
Tem- 7 Notch 
Fatigue Notch 
Alloy Atmosphere So/Se Strength, Factor, Remarks 
Fahr psi f q 
(| 1300 | helium 1.0 | 41 000 
Inconel X....{| 1300 | helium ais 3.9 | 17 000 2.4 0.48 
1300 | helium 0.25 | 1.0 | 62 000° ee 
1300 | helium 1.0 | 26 000 +e > atr melt, argon cast 
Inco 713C 1300 | helium hae 3.9 | 19 000 1.4 0.14| air melt, argon cast 
— “***)) 1300 | helium | 0.25 | 1.0 | 64 000° , air melt, argon cast 
1300 | helium Bau 1.0 | 34 000 vacuum melt, vacuum 
-' cast 
1500 | helium 1.0| 34000 | ... | ... 
Inco 700..... 1500 | helium wes 3.9 | 17 000 2.0 | 0.34 
1500 | helium | 0.25 | 1.0 42 000° 


Maximum stress. 


The unnotched fatigue strength of In- 
conel X at 1300 F is 41,000 psi and the 
notched fatigue strength is 17,000 psi. 
The unnotched-to-notched fatigue 
strength ratio Ky is 2.4. The notch sensi- 
tivity factor, g, is 0.48. 

The 500-hr combined load maximum 
stress (a = 0.25) was measured at 62,000 
psi. 


Stress-Range Diagram.—The 500-hr 
rupture stress on Inconel X at 1300 F in 
helium is 47,000 psi. The 500-hr fatigue 
stress is 41,000 psi and the 500-hr com- 
bined load cycle is 49,600 + 12,400 psi. 
These points were used to construct the 
stress-range diagram shown in Fig. 6. As 
can be seen, the diagram is shaped as an 
ellipse. 
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Alternating Stress, psi 
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Steady Stress, psi 
<= Fic. 6.—500-hr Stress-Range Diagrams—Helium Data. 
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Fic. 7.—Creep-Rupture Properties of Inco 713C at 1300 F in Helium. 


Inco 713C: rupture times were 320 and 520 hr; at 
Creep-Rupture.—As shown in Fig. 7(a), 86,000 psi, the rupture time was 490 hr. 
the data obtained at 1300 F and high At high stress levels, the rupture prop- 
stress levels on air-melted Inco713C alloy erties for the vacuum-melted material 
are somewhat scattered. For example, on are similar to those of the air-melted 
two specimens tested at 90,000 psi, the material. However, the long-time rupture 
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properties of the vacuum-melted mate- 
rial are superior to those of the air-melted 
material. For example, the 10,000-hr 
rupture stress is about 70,000 psi for 
vacuum-melted material and 65,000 psi 
for air-melted material. These values are 
comparable to published air data. 

As shown in Fig. 7(6), the elongation 
values measured on air-melted specimens 
are 2 to 3 per cent and relatively consist- 
ent over a wide range of rupture times— 
300 to 7000 hr. However, the elongation 


sistent over a wide range of rupture times 
and do not yield a minimum value. 

Fatigue.—The stress-cycle data ob- 
tained on Inco 713C at 1300 F in helium 
are plotted in Fig. 5(6). The fatigue in- 
formation is listed in Table III. 

For air-melted material, the unnotched 
fatigue strength at 1300 F is 26,000 psi 
and the notched fatigue strength is 19,000 
psi. The unnotched-to-notched fatigue 
strength ratio Ky is 1.4 and the notch 
sensitivity factor g is 0.14. The notched 
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20 
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9 (c) | | | | i | 
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values measured on vacuum-melted ma- 
terial, 4 to 5 per cent, are distinctively 
higher than measured on the air-melted 
specimens over a similar range of time. 

The reduction of area values measured 
on air-melted material increase with in- 
creasing rupture time (Fig. 7(c)). On 
vacuum-melted specimens, the reduction 
of area values range from 8 to 12 per cent 
and are higher than the values obtained 
on air-melted material. 

It is interesting to note that even 
though the elongation values of the air- 
and vacuum-melted material are rather 
low at 1300 F, they are relatively con- 


Fic. 8.—Creep-Rupture Properties of Inco 700 at 1500 F in Helium. 


fatigue characteristics of this alloy may 
be related to grain size, as coarse grain 
materials generally exhibit good notch 
fatigue properties. 

The 500-hr combined load maximum 
stress (@ = 0.25) is 64,000 psi for air- 
melted material. 

The unnotched fatigue strength of 
34,000 psi for vacuum-melted material is 
24 per cent higher than the 26,000 psi 
value obtained on air-melted material. 

Stress-Range Diagram—At 1300 F, 
the 500-hr rupture stress for air-melted 
material in helium is 86,000 psi. The 500- 
hr fatigue strength is 26,000 psi and the 


be 
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500-hr combined load cycle is 51,200 + 
12,800 psi. The plot of these points (Fig. 
6) shows that the stress-range diagram 
for Inco 713C and 1300 F approximates 
a straight-line relationship. This condi- 
tion may be associated with the rather 
low test temperature for this alloy. 


Inco 700: 


Creep-Rupture—The data obtained on 
Inco 700 at 1500F in helium are plotted 
in Fig. 8(a). The helium data are similar 
to published air data. For example, the 
rupture time at 1500 F and 30,000 psi in 
air is estimated at 1000 hr. Under the 
same conditions a specimen ruptured at 
1038 hr in helium. 

The elongation values (Fig. 8(6)) 
ranged from 10 to 20 per cent over a wide 
range of rupture times, up to 3500 hr. 
Also, the reduction of area values (Fig. 
8(c)) were high, ranging from 25 to 37 
per cent. These ductility characteristics 
reflect the relative insensitivity of Inco 
700 at 1500 F to notches. 

Fatigue—The stress-cycle data ob- 
tained on Inco 700 at 1500 F in helium 
are plotted in Fig. 5(c). The fatigue in- 
formation is listed in Table III. 

The unnotched and notched fatigue 
strengths of Inco 700 at 1500 F are 34,000 
psi and 17,000 psi, respectively. With 
these values, the unnotched-to-notched 
fatigue strength ratio Ky is 2.0 and the 
notch sensitivity g is 0.34. 

The 500-hr combined load maximum 
stress (a = 0.25) is 42,000 psi. 

Stress-Range Diagram.—The 500-hr 
rupture stress of Inco 700 at 1500 F in 
helium is 34,000 psi. The 500-hr fatigue 
stress is 34,000 psi and the 500-hr com- 
bined load cycle is 33,600 psi + 8400 psi. 
The plot of these data points (Fig. 6) 
shows a circular relationship. 


DISCUSSION 


Although an analysis of the various 
metallurgical factors affecting the be- 
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havior of these alloys under the test con- 
ditions or of the failure mechanism in a 
nonoxidizing atmosphere is beyond the 
scope of this paper, a few salient points 
indicated on the combined load diagram 
(Fig. 6) are worth noting. 

It is significant that of the three alloys 
evaluated, all reacted differently to a 
small alternating stress when compared 
on the basis of their 500-hr rupture life 
at the temperatures considered in this 
study. 

The range-of-stress diagram for In- 
conel X at 1300 F indicates that the new 
stress reaches a maximum at some inter- 
mediate stress ratio. For example, an 
alternating stress amplitude of 25 per 
cent of the reversed stress 500-hr fatigue 
strength increases the allowable steady 
stress by 5 per cent over the 500-hr 
static rupture strength. 

The straight-line relationship of Inco 
713C alloy at 1300 F indicates an adverse 
effect on the mean stress of even very 
small values of alternating stress ampli- 
tude. This is indicative of the superior 
rupture strength of coarse-grained ma- 
terial under static stress while the re- 
verse seems to be true under cyclic load- 
ing. 

In the case of Inco 700 alloy at 1500 F 
where the range-of-stress diagram indi- 
cates a circular relationship, the steady 
500-hr mean stress is unaffected by al- 
ternating stress amplitudes up to ap- 
proximately 10 per cent of the reversed 
stress 500-hr fatigue strength. 

SUMMARY 

Creep-rupture and fatigue data ob- 
tained in helium have been presented on 
three nickel-base alloys. The results show 
that Inconel X, Inco 700, and Inco 713C 
are capable of withstanding gas turbine 
design stresses in helium environment. 
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A limited amount of creep-rupture 
data is available on Hastelloy-X in air. 
More extensive data in air are necessary, 
however, if the existence of an environ- 
mental effect, as suggested in the litera- 
ture (1-3),’ is to be studied. Therefore, 
prior to developing data on the behavior 
of Hastelloy-X in vacuum or inert en- 
vironments, it was decided to perform 
tests to substantiate and expand the 
limited air data published in the litera- 
ture (4). In order to make most effective 
use of these data, tests were aimed at 
establishing a parametric representation 
of the creep-rupture behavior of Hastel- 
loy-X in air. The results of these tests are 
reported herein. 


PROCEDURE AND TEST RESULTS 


A total of 46 creep-rupture tests was 
carried out on solution-treated Hastelloy- 
X bar stock 3 in. in diameter. All tests 
were performed on specimens from two 
lengths of bar from the same heat. These 
tests were carried out at temperatures 
from 1350 to 1800 F and at stress, a, levels 
from 4000 to 60,000 psi. Minimum creep 
rate, MCR, was determined in addition 
to rupture life, RL, in the majority of 
the tests. The results are shown in Ta- 
bles I and II. Sufficient tests were car- 

1 Research and Development Department, 
Chase Brass & Copper Co., Waterbury, Conn.; 
formerly Research and Development Depart- 
ment, Electric Boat Division, General Dynam- 
ies Corp., Groton, Conn. 

2 Research and Development Department, 
Electric Boat Division, General Dynamics 
Corp., Groton, Conn. 


3 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 
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ried out to establish a plot of log ¢ versus. 
log RL at 1350, 1500, 1650, and 1800 F 
from about 1 to 1000 hr in air, as shown 
in Fig. 1. This plot compares favorably 
with published data. However, at higher 
temperatures some deviations are noted. 
A plot of log « versus log MCR was also 
constructed from the experimental re- 
sults, as shown in Fig. 2. A composite 
plot of rupture life and minimum creep 
rate versus stress is shown in Fig. 3. 
Appropriate constants for extrapola- _ 
tion parameters (Larson-Miller, Manson- 
Haferd) were determined from the rup- 
ture data. The constant C in the 
Larson-Miller (5) parameter, P = T(C + 
log ?) = constant at constant stress, was 
found to be 16.0. The constants 7, and 
log /. in the Manson-Haferd (6) parame- 
ter, K = (T — T,)/(log ¢ — log 4.) = 
constant at constant stress, were found 
to be 1000 R and 10.30, respectively. The 
results of the parameter determinations 
are shown in Fig. 4(a) and (b) where 
master curves of stress versus the ap- 7 
propriate parameter are plotted. 


DISCUSSION 


The results of the creep-rupture in- 
vestigation of Hastelloy-X, when plotted ; 
as log o versus log RL (Fig. 1) or log ¢ 
versus log MCR (Fig. 2), yield a series — 
of straight lines at each temperature. — 
The very small scatter of the experi- 
mental data about the mean straight 
lines indicates that testing procedures 
were satisfactory. No published data are 
available on log o versus log MCR for 
this material. In addition, there are rela- 


tively few data available on log o versus 
log RL. These data are published in ref- 
erence (4). As noted previously, the ex- 
perimental results are not in complete 
agreement with the published data. 
These differences may stem from compo- 
sition effects, size effects, and quantity 
of data. In view of the small scatter of 
the experimental data about mean 
straight lines through the data points, it 
is felt that the present data are repre- 
sentative of the creep-rupture behavior 
of Hastelloy-X. 


DONACHIE AND SHEPHEARD 


istence of these types of fractures are 
indicated in Fig. 1. It was observed 
metallographically that there was some 
increase in the amount of carbides after 
long times at elevated temperatures. 
This had no apparent effect upon the 
slope of the log o versus log RL plots. 

No master curves are available in the 
literature for Hastelloy-X; therefore the 
development of a suitable master curve 
was considered an essential product of 
these tests. Three correlating parameters 
were investigated: the Larson-Miller 


TABLE I.—RUPTURE LIFE AS A FUNCTION OF STRESS AND TEMPERATURE. 


Rupture Life, hr, at 
Stress, psi 

1350 F 1400 F 1450 F 1500 F 1550 F 1600 F 1650 F 1700 F 1750 F 1800 F 
{1420.6 195.0 76.8 | 26.0 8.15 5.60 
12 000 Sieg — 249.7 | 102.4 51.5 15.9 | 5.20 1.43 
15 000...... os 275.9 | 100.2 32.2 9.90 4.20) 1.50 0.40 
559.8 | 195.4 61.7 18.1 5.95 2.20! 1.30 
23 300...... 228.6 8.90) ... 
40 000...... 10.8 
50 000...... 2.00 
60 000...... 0.60 


It is interesting to note that all con- 
stant temperature lines on log o versus 
log MCR or versus log RL plots are es- 
sentially parallel over the ranges of creep- 
rate and rupture life investigated. The 
published data for log o versus log RL 
diverge with increasing rupture life. The 
present results suggest (see log o versus 
log RL for 1800 F) that the long-time 
rupture strength of Hastelloy-X may be 
underestimated if previously published 
data are used. The two characteristic 
types of fracture, transgranular and in- 
tergranular, were observed in this study. 
However, no “break” corresponding to 
this transition was observed in the log 
versus log RL curve. The regions of ex- 


and Manson-Haferd parameters as noted 
previously and the approximate parame- 
ter proposed by Clauss (7). This latter 
parameter (M = log RL + 0.010 T = 
constant at constant stress) is extremely 
simple to calculate and has been sug- 
gested by Clauss to be applicable to 
stress versus rupture life curves of the 
type shown in Fig. 1. The master curve 
prepared with this parameter exhibited 
large scatter about the mean straight 
line and is not considered valid. The 
Larson-Miller and Manson-Haferd pa- 
rameters are apparently more accurate 
and useful. The master curves utilizing 
these latter parameters (Fig. 4) show 
reasonably low scatter about a mean line. 
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Fic. 1.—Stress Versus Rupture Life. 
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Fic. 2.—Stress Versus Minimum Creep Rate. 


The predictions of all three parameters 
are compared in Table III for 1500 F 
and 10,000, 20,000, and 30,000 psi and 
against values taken from Fig. 1. The 
inapplicability of the approximate pa- 


rameter is evident from the table, since 


10-3 
Minimum Creep Rate, in. per in. per hr 


1072 107! 


at 10,000 psi it predicts a rupture life 
700 hr longer than determined from Fig. 
1. The Manson-Haferd parameter gave 
the best agreement with experiment over 
the entire stress range. This is in agree- 
ment with the general consensus of other 
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Fic. 3,—Stress Versus Rupture Life and Minimum Creep Rate. 


Wale, 


30.0 32.0 34.0 36.0 38.0 40.0 -80 -100 -120 -140 
(16 + Log Life) x Deg R (105) Deg R-1000 
Log Life-10.30 


(a) Using Larson-Miller parameter. (b) Using Manson-Haferd parameter. 


_ Fic. 4.—Master Curves for Hastelloy-X Using Different Parameters. 
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TABLE III.—COMPARISON OF RUP- 
TURE LIFE FROM FIG. 1 AND VALUES 
PREDICTED BY VARIOUS PARAMETERS 
AT 1500 F. 


Rupture Life, hr 
Stress, psi Approxi- | Larson- | Manson- 
From mate Miller | Haferd 
Fig. 1 | Param- aram- | Param- 
eter eter eter 
ae 700 1413 1012 630 
20 000...... 20 20.0 20.9) 23.4 
eee 1.5 1.8 2.1 1.8 
100 000 r 
80 000} 
60 000 
50 000} 
40 000} 
30 000 
20 000 
a 
o 
3 10 000 
® 8000} 
6000 
5000 


1300 1400 1500 1600 1700 1800 
Temperature, deg Fahr 


Fic. 5.—Stress Versus Temperature at Con- 
stant Rupture Life. 
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investigators. If a master curve is de- 
sired to extend the data to longer rupture 
times, then the master curve developed 
in this investigation using the Manson- 
Haferd parameter offers the most prom- 
ise. 

Since stress for a given rupture life 
is often desired, Fig. 5 gives a plot of 
stress for 10-, 100-, and 1000-hr rupture 
life versus temperature as derived from 
3 

The creep-rupture behavior of solu- 
tion-treated Hastelloy-X bar stock has 
been investigated at temperatures from 
1350 to 1800F and stress levels from 
4000 to 60,000 psi. The data obtained 
yield straight lines on a plot of log o 
versus log RL and log o versus log MCR 
and can be represented by a composite 
plot as shown in Fig. 3. The present ex- 
perimental results differ somewhat at 
higher temperatures (1650 to 1800 F) 
from published data for this alloy in bar 
stock form. The long-time rupture 
strength of Hastelloy-X at the higher 
temperatures may be underestimated if 
previously published data are used. 

Master curves using various parame- 
ters were constructed to correlate the 
rupture life data. The Manson-Haferd 
parameter with 7, = 1000 R and log 
tg = 10.30 gave the best agreement with 
experiment over the temperature, stress, 
and rupture life range investigated. 
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PROPERTIES OF HARDENED COPPER-BERYLLIUM STRIP AFTER 
EXPOSURES TO ELEVATED TEMPERATURES* 


By K. G. N. P. SARLE? 


SYNOPSIS 


This paper describes an investigation of the effects of exposing hardened (AT 
and HT) copper-beryllium alloy 25 (1.91 per cent beryllium, 0.26 per cent 
cobalt) at temperatures from 100 to 1150 F for 0 to 120 hr. Tensile and yield 
strength, proportional limit, elongation, and modulus values were determined. 

Results are compared with data reported on other copper-beryllium and 
copper-aluminum alloys and with the limited creep-rupture data available. 


Copper-beryllium alloy 25 (see ASTM 
Specification B 194*) in the age-hardened 
condition is recognized to be stronger, 
harder, and more fatigue-resistant than 
other commercially available wrought 
copper-base alloys. This strength is de- 
veloped by a precipitation-hardening 
heat treatment at 600 to 750 F on 
material which is supplied in standard 
annealed or one-quarter, one-half, or 
full hard-rolled tempers. In spite of con- 
siderable experience and well-developed 
specifications concerning its room-tem- 
perature properties, very little has 
apparently been worked out defining the 
room- and elevated-temperature tensile 
properties of alloy 25 after short- and 

* Presented at the Sixty-fourth Annual 
Meeting of the Society, June 25-30, 1961. 

' Technical Manager, Beryliium Alloy Opera- 
tions, and Chief Metallurgist, Elmore Division, 
Brush Beryllium Co., Elmore, Ohio. 

2Staff Metallurgist and Project Engineer, 
Metallurgical Process Development Laboratory, 
Elmore Division, Brush Beryllium Co., Elmore, 
Ohio. 

3 Specification for Copper-Beryllium Alloy 
Plate, Sheet, Strip, and Rolled Bar (B 194 — 55), 
1958 Book of ASTM Standards, Part 2, p. 334. 
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Microstructural changes are illustrated and discussed. 


long-time exposures to elevated tempera- 
tures. A search of the literature (1,2,3)4 
shows that published work has been 
concerned mainly with binary copper- 
beryllium and ternary copper-cobalt- 
beryllium alloys containing from 0.2 to 
0.5 per cent beryllium which exhibit 
only moderately high strength. On the 
other hand, alloy 25, the high-strength 
wrought copper-beryllium alloy, con- 
tains nominally 1.9 per cent beryllium. 
Thus, the spring, diaphragm, bellows, 
and fastener designers and users have 
had little information on engineering 
properties of this alloy by which to put 
it intelligently into applications where 
exposures to elevated temperatures are 
required. It was the purpose of this 
work to establish both the room- and 
elevated-temperature tensile properties 
of alloy 25 strip in the annealed-and-age- 
hardened (AT) temper as well as the 
hard - rolled - and - age - hardened (HT) 
temper after exposures up to 1150 F for 


*The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


periods as long as 100 hr. Short-time 
tension tests do not provide adequate 
information for extended use at elevated 
temperatures; however, they do define 
stress-time combinations where usage is 
definitely worth considering, rather 
questionable, or probably not worth 
considering. The data contained herein 
will define how exposures affect tensile 
properties and indicate temperature and 
time limits by which serious deteriora- 
tion of such properties can be avoided. 


TABLE I.—PROPERTIES OF AS-PROC- 
ESSED AND HARDENED STRIP. 
Annealed: 
Tensile strength, psi.......... 74 800 
Elongation in 2 in., per cent. .. 45 
Rockwell hardness, 30 T scale. . 60 
Average grain diameter, mm... 0.020 


Annealed-and-Age-Hardened (3 hr at 600 F): 


Tensile strength, psi.......... 189 500 
Elongation in 2 in., per cent... . 6 
Rockwell hardness, 30 N scale. . 60 a 
Hard-Rolled: ‘ 
Tensile strength, psi.......... 112 500 
Elongation in 2 in., per cent. . . 2 


Rockwell hardness, 30 T scale. . 82 
Average grain diameter, mm.. 0.022 
Hard-Rolled-and-Age-Hardened 2 hr at 600 F): 
Tensile strength, psi.......... 206 000 
Elongation in 2 in., per cent... 3 
Rockwell hardness, 30 N scale. . 62 


Test MATERIAL 


Material tested in this program was 
selected from run-of-the-mill production 
The rolling ingot was poured from a 
typical charge using a semi-continuous 
casting process described previously by 
Wikle (4). The charge was melted in a 
gas-fired furnace and cast into a 4 in. by 
8 in. by 9 ft ingot. The ingot, after a 
homogenizing heat treatment to produce 
a uniform microstructure, was hot rolled 
to 0.250 in., bulk solution annealed at 
1450 F, and cold rolled to 0.020 in. with 
two strand solution anneals at 1450 F, 
the first at 0.090 in. and the second at 
0.032 in. The coil was then slit in half 
and one half was strand solution-an- 
nealed at 1450 F. Standard strip tension 
test specimens, 8 in. long with 3 in. 
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wide by 2 in. long gage sections, were 
prepared by slitting into } in. wide 
strips and stamping out the bars on a 
punch press. 

The chemical analysis of the heat was 
as follows: beryllium, 1.91 per cent; 
cobalt, 0.26 per cent; iron, 0.12 per cent; 
aluminum, 0.04 per cent; silicon, 0.10 


TABLE II.—EXPOSURE CONDITIONS. 


Tem- 
pera- 
Specimen Number tare, Exposure Times, hr 
Fabr 
AT and HT bars 
for room-tem- 
perature eval- 
uation: 
100 | 0-5-10-20-40-80-120 
Sere 200 | 0-5-10-20-40-80-120 
300 | 0-5-10-20-40-80-120 
400 | 0-5-10-20-40-80-120 
500 | 0-5-10-20-40-80-120 
600 | 0-5-10-20-40-80-120 
800 | 0-5-10-20-40 
900 | 0-5-10-20 
ae 1000 | 0-5-10-20 
.{1150 | 0-5-10-20 
AT and HT bars. 
for elevated- 
temperature 
evaluation: 
100 | 0-5-25-50-75-100 
200 | 0-5-25-50-75-100 
300 | 0-5-25-50-75-100 
400 | 0-5-25-50-75-100 
_ 500 | 0-5-25-50-75-100 
600 | 0-2-4-10-25-50-100 
700 | 0-14-2-4-10-25-50- 
100 
_ 800 | 0-2-4-10-25-50-100 
1000 | 0-2-4-10-25-50-100 
eer 1100 | 0-2-4-10-25-50-100 


per cent; nickel, 0.01 per cent; tin, 0.005 
per cent; zinc, lead, and chromium, each 
<0.005 per cent. 

The as-mill-processed and _ precipita- 
tion-hardened tensile properties are as 
listed in Table I. 


ExposuRE CONDITIONS 


After the preliminary heat treatment — 
which put material of both tempers into 
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= 25 HT alloy strip. 


Fic. 1.—Room-Temperature Tensile Strength as a Function of Exposure Time and Temperature. 


a precipitation-hardened state, the ten- 
sion specimens were exposed to the 
combinations of time and temperatures 
given in Table II. 

Specimens were loaded into a recircu- 
lating air furnace of relatively high heat 
capacity compared to the load, the 


furnace being set at the exposure tem- 
perature. Obviously, the introduction of 
the specimens somewhat suppressed the 
temperature of the furnace. However, 
the furnace regained its set temperature 
and brought the specimen temperature 
up to the set point in 10 to 15 min for 
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10° PSI. 


YIELD STRENGTH, 
F 


a 


YIELD STRENGTH, 


(b) 25 HT alloy strip. ; 


Fic. 2.—Room-Temperature Tensile Yield Strength (0.2 per cent Offset) as a Function of Ex- — 


posure Time and Temperature. 


exposure temperatures of 600 to 1150 F. 
Below 600 F the rate of heating was 
predicted to have little effect and was not 
recorded. Exposure times started when 
thermocouples attached to the speci- 
mens indicated that the bars had just 
reached the exposure temperature. 


TEST PROCEDURE 


Tests at both room and elevated — 
temperatures were conducted at a strain 
rate of 0.005 in. per in. per min. Ele-— 
vated-temperature testing was carried 
out according to ASTM Recommended ~ 
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PROPORTIONAL LIMIT, 


ROBORTIONAL LIMIT, 
Sc 8 


R (a) 25 AT alloy strip, 


(b) 25 HT alloy strip. 


Fic. 3.—Room-Temperature Proportional Limit as a Function of Exposure Time and Tempera- 


ture. 


Practice E 215 with the following excep- 
tions: At 100 through 600 F the bars 


5 Recommended Practice for Short-Time 
Elevated Temperature Tension Tests of Ma- 
terials (E21-58T), 1958 Book of ASTM 


Standards, Part 3, p. 217. 


were heated to the test temperature in 
35 to 40 min and then held at this tem- 
perature 15 min before testing. Above 
600 F the specimens were pulled after 
holding at the test temperatures for a 
maximum of 5 min. This latter procedure 
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(a) 25 AT alloy strip. 


PERCENT ELONGATION 


(b) 25 HT alloy strip. — 


Fic. 4.—Room-Temperature Tensile Elongation (per cent in 2 in.) as a Function of Exposure 
Time and Temperature. 


was followed in order to avoid as much Test Data 

overaging as possible during the test. Results of this evaluation program 
Some of the bars were tested with the presented in three-dimensional property- 
light film of oxide formed during the time-temperature plots are as follows: 
exposures, while others were superficially Room-temperature tensile strength in 
ground through No. 600 abrasive to re- AT condition (Fig. 1(a)), 

move completely the oxidation products Room-temperature tensile strength in 


before testing. an ; HT condition (Fig. 1()), 
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STRENGTH 


(b) 25 HT alloy strip. 


Fic, 5.—Elevated-Temperature Tensile Strength as a Function of Exposure Time and Tempera- 


ture. 


Room-temperature yield strength (0.2 
per cent offset) in AT condition (Fig. 
2(a)), 

Room-temperature yield strength (0.2 
per cent offset) in HT condition (Fig. 
2(0)), 

Room-temperature proportional limit in 

_ AT condition (Fig. 3(a)), 


Room-temperature proportional limit in 
HT condition (Fig. 3(4)), 

Room-temperature elongation in AT 
condition (Fig. 4(a)), 

Room-temperature elongation in HT 
condition (Fig. 4(d)), 

Elevated-temperature tensile strength in 
AT condition (Fig. 5(a)), 
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Fic. 6.—Elevated-Temperature Yield Strength (0.2 per cent Offset) as a Function of Exposure 
Time and Temperature. 


Elevated-temperature yield strength (0.2 condition (Fig. 8(a)), and 
per cent offset) in HT condition (Fig. Elevated-temperature elongation in HT — 
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YIELD STRENGTH, 


(a) 25 AT alloy strip. 
Vey 


YIELD STRENGTH, 


(b) 25 HT alloy strip. | 


Elevated-temperature tensile strength in Elevated-temperature proportional limit | 
HT condition (Fig. 5()), in AT condition (Fig. 7(a)), : 
Elevated-temperature yield strength (0.2 Elevated-temperature proportional limit - 

per cent offset) in AT condition (Fig. in HT condition (Fig. 7(0)), 


Elevated-temperature elongation in AT 


condition (Fig. 8(6)) 
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R (b) 25 HT alloy strip. 


“Fis. 7.—Elevated-Temperature Proportional Limit as a Function of Exposure Time and Testing 
Temperature. 


Also the modulus of elasticity of No differences in properties were ob- 
hardened alloy 25 in the AT and HT served whether the test bars were tested 
conditions at room temperature to1150F ‘“‘as-exposed” or after grinding off the 
is plotted in Figs. 9(a) and (6). thin oxide film to produce a clean speci- 
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(b) 25 HT alloy strip. 
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men. Thus, results irom both types of 
test specimens were averaged together 
to give final data values. 

A study of the microstructural changes 
occurring in the 25-AT alloy strip from 
0 to 100 hr while reheating from 600 to 
1000 F is described in Table III and in 
Figs. 10(@) to (hk). The structure was 
seen to change from (1) sharp grain 
boundaries, (2) coherent pre-precipita- 
tion and fine incoherent gamma precipi- 
tation in distorted slip planes (stress 
lines), and (3) light etching (in am- 
monium persulfate- ammonium _hy- 
droxide etchant) to a structure having 
(1) coarser precipitation, (2) diffuse 
grain boundaries and diffuse stress lines, 
and (3) dark etching. Finally, a dark- 
etching coarse “sorbitic” structure and 
then a light-etching ‘“spheroidized” 
structure of large gamma globules in an 
alpha-copper matrix was reached at 
1000 F for 0 and 100 hr, respectively. 
This would be expected of the gamma 
precipitation as overaging causes it to 
coalesce into coarse particles. 


DISCUSSION OF RESULTS ; 


Room-Temperature Properties: 4 
The tensile strength and the yield 
strength of hardened alloy 25 in both the 
AT and HT conditions remained rela- 
tively constant for all exposure times 
studied up to 500 F. After 0-, 5-, and 10- 
hr exposure periods strength did not fall 
off until an exposure temperature of 
700 F was exceeded. At the longer ex- 
posure ties there was a trend to further 
age harden up to 500F but to soften 
markedly above this temperature. 

The proportional limit, considered 
because of its close relationship to the 
elastic limit, decreased in the case of the 
AT condition as would be expected with 
higher exposure temperatures. However, 
this decrease was generally at a greater 
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rate at longer exposure periods. A 
minimum was exhibited at 400 F and 
then a sharp increase occurred in ex- 
posing the bars at 500 F. Only a small 
decrease occurred after exposures at 
600 F. This inflection probably repre- 
sents where a stress-relieving mechanism 
which occurs by holding at 100 through 
300 F is replaced by a precipitation- 
hardening mechanism which occurs in 
the range of 500 to 600 F. The latter 
temperatures represent the lower end of 
the normal precipitation-hardening range 
for alloy 25. The hardening trend noticed 
in the strength properties has a more 
significant effect on the proportional 
limit. In the case of the material in the 
HT condition, the proportional limit 
generally increased through exposures to 
500 F. A decided dip occurred after 80- 
and 120-hr exposures at 400 F and a high 
peak was generally reached at 500 F. This 
demonstrates that long exposures at 
400 F have a stress-relieving action, 
while long exposures at 500 F have a 
“finishing” effect on the precipitation- 
hardening phenomena. 

Elongation is plotted in a reverse 
manner to the previous curves. This 
property remains relatively constant up 
to 600 F. Overaging at higher tempera- 
tures increases elongation. From these 
data, one could assume no “toughening” 
of hardened strip would occur until 
temperatures of 700 F and over were 
reached. 

In Table IV the per cent change oc- 
curring during the maximum exposure 
period is listed. Here it is clearly indi- 
cated that only minor effects occur while 
heating both annealed and hardened as 
well as hard-rolled-and-hardened strip 
to 500 F for up to 120 hr. Such thermal 
treatment is generally beneficial to HT 
material and is beneficial at 500 F to AT 
material. This suggests age hardening 
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Fic. 9.—Static and Dynamic Moduli of Elasticity as a Function of Exposure and Testing Tem- 
perature for (a) 25 AT and (6) 25 HT Alloy Strip. 
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has resumed to take the material to a 
higher plateau. Such an effect suggests a 
potential advantage in a double aging 
treatment as is used in some other 
precipitation-hardening alloys. 
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up to 500 F. The diminishment of 
strength in the AT material is at a 
slower rate than that in the HT condi- 
tion. In fact, an upward trend is ob- 
served at 200 F with the AT material. 


TABLE III.—CHANGE IN MICROSTRUCTURE OF HARDENED (AT) 25 ALLOY STRIP 
REHEATED FROM ROOM TEMPERATURE TO 1000 F FOR UP TO 100 HR 
(AMMONIUM PERSULFATE - AMMONIUM HYDROXIDE ETCHANT). 


Microstructure After Exposure to: 


Reheat 
Ohr 100 hr 
100 to 500..... No significant change. No significant change. 
1. Clear structure of fine precipitation | 1. Not much change from 600 F, 0 hr. 
and distortion in slip planes (stress However, less distinct structure indi- 
600 lines). cates more advanced precipitation. 


. Grain boundaries sharp. 


orn 


in grain boundaries. 


2. Grain boundaries: less 


precipitation. 


stress lines diffuse. 


precipitation. 


lines diffuse. 


etching gamma 


still visible. 


. Some globular gamma precipitation 


1, Intragranular areas: darker etching, | 1. 

stress lines visible but less distinct. 
distinct, | 2. 
broader light etching zone of gamma 


2. Grain boundaries: less sharp, broader | 2. 
light etching zone of coarser gamma 


1. Intragranular areas: dark etching, | 1. 
coarser gamma precipitation. Stress 


2. Grain boundaries: hard to distin- | 2. 
guish. Broad zone of coarse, light 


| 1, Intragranular areas: dark etching, | 1. 


1. Intergranular areas: coarse gamma | 1. 
precipitation (sorbitic). Grain bound- 
aries: none visible but broad zones of 
light etching gamma precipitation 


Intragranular areas: dark etching, 
more diminution of stress line clarity. 
Grain boundaries: broader coarser 
area of light etching gamma precipi- 
tation. 


Intragranular areas: dark etching 
granular appearance, stress lines very 
diffuse. 

Grain boundaries: very broad zone 
of coarse gamma precipitation. No 
boundaries visible. 


Intragranular zone: coarse sorbitic 
structure. 


Grain boundaries: just vestiges of 
coarse gamma precipitation zones. 


Similar to 900 F, 100 hr but no ves- 
tiges of grain boundaries left. Coarse 
gamma globules in alpha-copper 
matrix. 


Elevated Temperatures: 


By testing at the exposure tempera- 
ture, hardened alloy 25 strip is shown to 
have quite a different set of values for 
the properties determined. The tensile 
strength of hardened strip gradually 
falls off by exposing it to temperatures 


Because of its prior higher strength, the 
HT material is stronger than the AT 
material up to 500 F. However, at 600 to 
800 F the AT material loses less strength 
and is stronger than the HT strip. Above 
800 F both have similar strength. 

With respect to the elevated-tempera- 
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ture yield strength, the AT and HT 
materials behave somewhat differently. 
In the AT condition hardened alloy 25 
strip maintains its room-temperature 
yield strength up to 500 F. A slight in- 


TABLE IV.—PER CENT CHANGE IN 
STRENGTH AS A FUNCTION OF EX- 
POSURE TIME AT ELEVATED TEM- 
PERATURES. 


Per Cent Change in Strength 
After Exposure 
— AT Temper HT Temper 
Tempera- sure 
ture, deg | Time, 
Fahr hr 
5” | 8 35 | 
& & ~ 
Room-TEMPERATURE TESTS 
120 0 —1.8) —1.4) +0.5 
. 120 —1.0 0 +3 +2 
ee 120 0 —1.8 0 +2 
120 —0.5)—13 +3 +3 
ee 120 +3 +6 +3 +2 
120 |-12 |-10 |-—10 |—15 
40 |-26 |-—32 |—29 |—36 
40 |—24 |—46 |-—35 |—45 
20 |-27 |-—47 |—25 |—44 
20 |-—20 |—41 |-—28 |-—40 
20 |-14 |—26 |—23 |—42 
ELEVATED-TEMPERATURE TESTS 
100 +4 +4 +1.0) +1.0 
100 —1. 0 —0.5) —0.5 
ce 100 +7 +2 —0.5) —1.0 
ee 100 +2 7 —4 —6 
100 —2 +3 —1.0| +0.7 
100 +9 —4 |-17 |-—30 
100 |-—30 |—26 |-—32 |—42 
100 |—22 |—25 |-—34 |-—45 
100 |—-19 |-—19 |-—36 |—43 
1000 100 |-19 |-—35 |-—33 |—33 
100 0 |-14 |-18 |-—22 


flection is noted at 400 F and a sign of a 
peak at 500 F. In the HT condition, the 
yield strength falls off gradually and 
continuously to 500 F, above which the 
decrease is much more marked. No in- 
flection or 500 F peak is noted. At 100 to 
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400 F the yield strength of the HT ma- 
terial is greater than that of the AT 
material, at 500 F the values are similar, 
at 600 to 800 F the AT material loses 
less yield strength than the HT and 
remains stronger. 

The elevated - temperature propor- 
tional limits tend to follow the trend of 
the elevated - temperature ultimate 
strengths. A peculiar peak at 200 F is 
noted along with two drop-offs in the 
case of the HT material. No explanation 
of this can be given at this time. 

The elevated-temperature elongation 
values, which are plotted in a reverse 
manner to the above curves, show a de- 
crease from 100 to 600 F with the AT 
material and to 400 to 500 F with the HT 
material. Exposure to temperatures 
above 600 to 700 F causes a rapid in- 
crease in elongation. These effects are the 
result of further precipitation hardening 
up to 400 to 600 F and overaging above 
600 to 700 F. 

The tensile modulus of elasticity is 
seen to diminish slowly up to 600 F for 
the AT material and up to 500 F for the 
HT. A rapid drop occurs then up to 
800 F. Above 800 F the decrease occurs 
at a slower rate. Exposure time had no 
particular effect on elevated-temperature 
modulus values and thus is not con- 
sidered further. 

Again considering Table IV where 
changes occurring in elevated-tempera- 
ture strength as a result of prior exposure 
up to 100 hr at the testing temperature 
are plotted, we note that the HT ma- 
terial shows stability up to 500 F. How- 
ever, the AT material demonstrates 
stability up to 600 F. A prior exposure 
period of 100 hr generally improves the 
strength of AT material at any given 
temperature up to 600 F. On the other 
hand, a slight diminution is noted with 
the HT strip. This may indicate that 
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(a) 0 hr at 600 F (500). Appearance sim- (b) 100 hr at 600 F (X500). Not much 
ilar to all specimens reheated from room tem- change from Fig. 10(a) but somewhat less dis- 
perature to 500 F. tinct structure. 


(c) 100 hr at 700 F (500). Note coarse (d) 100 hr at 800 F (500). Note broad in- 
gamma precipitate in broadening intergranular tergranular gamma precipitation areas and 
areas. coarser structure in grains. 


Fic. 10.—Microstructure of 25 AT Strip 


} 


e) 0 hr at 900 F (X500). Note light etching (f) 100 hr at 900 F (500). Note coarse 


intergranular areas of coarse gamma precipitate. “sorbitic’” structure with vestiges of grain 
boundary areas. 


(g) Ohr at 1000 F (500). Note broader in- (hk) 100 hr at 1000 F (X1000). Note general 
tergranular areas of coarse gamma precipitate. structure of coarse gamma globules in alpha- 


copper matrix. 


Reheated for Various Times and Temperatures. = 
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further precipitation hardening occurs in 
the somewhat weaker AT material 
(that is, up to 700 F). A slight stress re- 
lieving may occur in the HT strip up to 
600 F. 


lium alloy wire containing 2.25 per cent 
beryllium. This beryllium content is 
considerably above that of typical alloy 
25 which usually ranges between 1.85 
and 1.95 per cent beryllium. These stress- 
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EXPOSURE AND TESTING TIME, HR 


Fic. 11.—Elevated-Temperature Short-Time Tensile Strength of 25 Alloy After Long Exposures 
to Test Temperature Compared to Corresponding ee Strength of Binary Copper-Beryllium 
(2.25 per cent Beryllium) Alloy. (Data from Parker and Ferguson (3)). 


Comparison with Stress-Rupture Prop- 
erlies: 

Although no creep and stress-rupture 
data were found in the literature for 
alloy 25, Parker and Ferguson (3) re- 
ported results of testing copper-beryl- 


rupture data are plotted in Fig. 11 and 
compared to short-time tensile strength 
of alloy 25 at corresponding test tem- 
peratures and exposure times. 

It is seen that the 2.25 per cent 
beryllium alloy is stronger than alloy 25 
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on a short-time (0.01 hr) basis both at 
390 and 660 F. This would be expected 
as a result of the greater beryllium con- 
tent in the wire alloy. This difference is 
small at 390 F but at 660 F is large. The 
660 F stress-rupture strength is 140,000 
psi for 0.01 hr, then drops sharply to 
about 60,000 psi for 20 hr and then de- 
creases slowly with more time. The 
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active overaging occurring at this tem- 
perature. 


Comparison with Elevated-Temperature 

Tensile Properties of Alloy 10: 

It is interesting at this point to com- 
pare the elevated-temperature tensile 
properties of 0.020 in. alloy 25 AT strip 
with those of 0.020 in. alloy 10 AT 
strip, which contains 0.45 to 0.65 per 
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Fic. 12.—Comparison of Elevated-Temperature Tensile Properties of 25 Alloy and 10 Alloy in 


AT Temper. 


660 F stress rupture values are inter- 
mediate to short-time tensile strengths 
measured at 700 and 800 F. Loss in 
rupture strength as a function of time 
is minor at 390 F but rapid at 660 F. In 
both cases, diminution of rupture 
strength occurs at a faster rate than 
does short-time tensile strength at com- 
parable exposures. These observations 
made on rupture and short-time tensile 
strength would be expected, the greater 
instability at 660 F being the result of 
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cent beryllium, 2.50 per cent cobalt, and 
balance copper. Alloy 10 hardens by 
precipitation of cobalt beryllide, and 
peak hardening occurs by aging from 
850 to 950 F; this differs from alloy 25 
which hardens by precipitation of copper 
beryllide (gamma phase) and with 
maximum hardening occurring at 600 to 
650 F. Such a comparison is shown in 
Fig. 12. 

It is seen that alloy 25 AT strip has 
superior strength to alloy 10 AT strip up 
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to about 825 F. Above this temperature 
alloy 25 weakens with increasing tem- 
peratures more rapidly than alloy 10. 
Both alloys suffer an elongation mini- 
mum at 600 F. Elongation increases 
above 700 F for alloy 25 AT strip but 
not until above 1100 F in the case of 
alloy 10 AT strip. 


higher). However, one cannot usefully 
compare the elevated-temperature ten- 
sile properties of the two alloys. This is 
because the maximum recommended 
service temperature of phosphor bronze 
is only 225 F. 

Thus, the wrought copper-base alloy 
exhibiting the highest elevated-tempera- 
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Fic. 13.—Comparison of Elevated-Temperature Tensile Strength and Elongation (per cent in 
2 in.) of Alloy 25 AT Strip and Annealed Wrought Aluminum-Bronze Alloy (10AI-3Fe-5Ni). 


Comparison with Other Copper-Base 
Alloys: 


The properties determined herein 
for alloy 25 strip should be compared 
with those of phosphor bronze strip 
since both alloys are used in related 
spring applications (phosphor bronze 
where design demands are lower and 
alloy 25 where design demands are 
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ture strength in the Upthegrove and 
Burghoff compilation in 1956 (5) was 
selected for comparison to alloy 25 AT 
strip. This alloy contains nominally 
10 per cent aluminum, 3 per cent iron, 
and 5 per cent nickel. The comparison 
is shown in Fig. 13. Here it is seen that 
alloy 25 AT strip holds greater than a 
65,000 psi superiority in tensile strength 
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over this aluminum bronze up to 500 
F. Above this temperature, which is 
above the service temperature of both 
alloys, the gap between the strength of 
both alloys diminishes appreciably. The 
aluminum bronze exhibits more tensile 
elongation up to the 600 F minimum; 
above this temperature this property 
increases more rapidly than does the 
elongation of alloy 25. 


SUMMARY 


In summary it can be said that copper- 
beryllium alloy 25 demonstrates good 
stability of tensile properties up through 
500 F for the time periods investigated 
and this could be considered as a limit- 
ing service temperature for exposure 
and use up to 100 to 120 hr. As discussed, 
it would be necessary to use stress levels 
significantly below the short-time tensile 
yield strength or proportional limit in 
order to avoid excessive creep or the 
possibility of creep-rupture. 

“Secondary hardness” effects were 
noticed in reheating hardened strip from 
100 to 600 F, indicating a renewal of 
precipitation strengthening effects in 
both AT and HT material and a possi- 
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Existing information on mechanical 
properties of steel at elevated tempera- 
tures is concerned with either (a) com- 
paratively low strain rates, such as 0.1 
in. per in. per sec or less, or (6) high 
strain rates, such as 1000 in. per in. per 
sec. Comprehensive investigations per- 
taining to (a) for type 301 annealed 
stainless steel and to (6) for mild steel 
have been carried out by the Southern 
Research Inst. (1)? and Nadai and 
Manjoine (2), respectively. A recent 
book edited by D. W. Grobecker reports 
on the properties of various metals at 
elevated temperatures (3). Some general 
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ELEVATED TEMPERATURE CHARACTERISTICS OF 
TYPE 347 STAINLESS STEEL* 


By §. ¥. Lu,! Marc Trupert, anp Wituiam A. Nasu! 


SYNOPSIS 


The mechanical properties of type 347 stainless steel at rapidly attained ele- 
vated temperatures are studied. The investigation is divided into two signifi- 
cant portions. In the first of these the environments considered are: (1) heating 
to 2200 F in 15 sec, then loading in tension at the strain rate of 1.0 in. per in. 
per sec, during which phase the effect of various numbers of cycles of heating — 
and cooling prior to loading is also considered; (2) heating to 2200 F at a rate 
of 200 F per sec with various initial stresses present in the specimen; (3) heating 
to 2200 F in 15 sec, followed by various lengths of time in which the tempera- 
ture is held constant prior to loading at a constant strain rate; and (4) thermal 
cycling between 400 and 2200 F with various initial stresses present in the spec- 
imen. In the second part, the effects of various heating rates and peak tempera- 
tures on the number of cycles to fracture are studied. 
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information can be found in this book; 
however, systematic test data are still 
lacking. The present investigation de- 
termined, experimentally, the effects of 
elevated temperatures and repeated heat- 
ing on the basic mechanical properties 
of type 347 annealed Stainless steel. 

The peak temperatures of the steel 
specimens ranged from 1800 to 2200 F, 
while the specimens were heated from 
room temperature to the peak value in 
periods of time from 7 sec to 30 sec. 
During the constant strain rate tests 
when the coupons were loaded to frac- 
ture, the strain rate was approximately 
1.0 in. per in. per sec. 


y Test APPARATUS 


Test Machine: 
The special-purpose test machine was 


oriented in a vertical plane with four 
heavy columns—one at each corner. 
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The foundation was a rigid horizontal 
base provided with casters and leveling 
screws. A front view of the test machine 
and some of the instruments are shown 
in Fig. 1(a@). The radiofrequency filter 
boxes, the amplifier in the recording 
circuit, a timer for thermal cycling, an 
alarm clock, and the switch box to close 
the circuit for calibration are on the 
upper deck of the table. The potentiom- 
eter used for thermocouple calibration 
is on the lower deck. The power switch 
box is on the stool. Figure 1(b) shows 
the tuning system and the gas-filled 
capacitor. All the plastic tubes hold 
running water for cooling the coil. The 
motor used for the stress-strain test is 
under the capacitor tank. Figure 2 is a 
close-up of the central portion of the 
test machine. The dynamometer, upper 
grip, specimen, and lower grip can be 
seen aligned vertically. Three thermo- 
couples are attached by spot welding to 
the steel specimen and connected to the 
filter boxes. Lead weights for thermal 
cycling tests are shown at the bottom 
part of the picture. The two cantilever- 
type extensometers can be seen at the 
right side. A portion of the capacitor 
tank is shown behind the lower grip. 

The axial load in the specimens was 
measured by a dynamometer equipped 
with electric strain gages. The upper end 
of the dynamometer was fixed to the 
top plate of the test machine. The lower 
end was connected to the upper grip 
which, in turn, clamped the upper end 
of the test specimens. Both the upper 
and lower grips consisted of pairs of 
jaws which were tightened by a torque 
wrench. The teeth of the jaws were uni- 
directional to prevent slippage between 
test specimens and grips during tests. 

The lower grip was attached to the 
other end of the test coupon. Provisions 
were made to apply either dead loads or 
a constant rate of pulling to the lower 
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grip. For tests involving initial stresses, 
dead weights were coupled to this grip, 
while for constant strain rate tests it was 
lowered by means of a chain drive. The 
end of this chain passed over a gear which 
was driven at a uniform angular velocity 
selected to give the desired constant 
strain rate. This gear was mechanically 
linked by a worm-gear drive arrangement 
to a 5-hp motor with a rated speed of 
1070 rpm. Various strain rates could be 
obtained by changing the gear ratios in 
the drive system. 

To elongate the specimens the motor 
was started first, then a clutch located 
between the motor and the worm-gear 
unit was engaged. This activated the 
gear, chain, and the lower grip, thereby 
pulling the test coupons. Both grips were 
attached to spherical-seat joints to pro- 
vide as nearly perfect axial alignment 
as possible. As soon as the specimen was 
broken, an electric switch was actuated, 
disengaging the clutch and stopping the 
motor. Simultaneously, the high-fre- 
quency power was turned off. 
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Heating System: 


The induction-heating technique was 
selected because it made possible the 
accurate programing of any desired tem- 
perature-time relation into the speci- 
mens. The induction-heating coils were 
placed against one surface of the test 
coupon with a thin layer of mica between 
the coils and the coupon. The coils 
functioned as the primary of a trans- 
former, and the specimen as a loaded 
secondary. The current in the coil in- 
duced a voltage in the test coupon, 
causing a current of large magnitude to 
flow, thereby inducing heating. The 
power source was a 20-kw radiofre- 
quency generator with an _ operating 
frequency of 2 Mc. 

The direct current at high voltage was 
converted by a rectifier supplied from a 
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22-kva transformer. The direct current 
was applied to two type 892 power 
tubes which supplied energy pulses to a 
storage circuit. Two gas-filled capacitors 
were used in this circuit. Their capaci- 
tances were 1500 f and 0.06 f. The pres- 
sure inside the capacitors was main- 
tained between 130 and 150 psi, and a 


of Test Machine 


Fic. 2.—Close-up View 
Showing the Specimen, Dynamometer, Exten- 
someters, and Upper and Lower Grips. 


constant rate of water flow was main- 
tained to cool the tubes and the heating 


coils. 


Chromel-alumel thermocouples were 
welded to the steel specimens. The volt- 
age at the cold joint of the thermocouple 
was amplified, then compared with the 
voltage produced by the function gener- 


Control System: 
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ator in a d-c amplifier. The function 
generator was a circuit especially de- 
signed to yield a time-dependent voltage. 
The voltage increased with time to a 
certain value at the end of the heating 
period, and remained at that value as 
long as the system was in operation. 
The rate of voltage increase was lower 
in the first half of the heating period 
than in the second half. 

The d-c differential amplifier sensed 
the voltage difference between the ther- 
mocouples and the function generator. 
When the temperature of the specimens 


Radio 20 KW 
Freq y | Induction Heating 
Filter Unit 


Specimen 


Heating 
Coils 


Function 
Generator 


Amplifier 


Fic. 3.—Block Diagram of Control System. 


was lower than the peak temperature, 
the voltage from the function generator 
was higher than that from the thermo- 
couples; therefore the heating unit kept 
transferring electrical energy into the 
specimen. The function generator was 
turned on or off by a timer which was 
set to maintain heating or cooling for 
certain periods of time. A manually 
operated switch was used to actuate the 
function generator when a specimen was 
to be held at peak temperature. Ob- 
viously, no power was supplied to the 
specimen if the function generator was 
turned off. A block diagram of the control 
system is shown in Fig. 3. 
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Specimens: 


Standard size ASTM flat test speci- 
mens with a gage length of 2.00 + 0.02 
in. and a nominal width of 0.5 in. were 
employed. The specimens were made 
from annealed, type 347 stainless steel 
sheets. The chemical composition in 
percentage is listed in Table I. The mean 
thickness of these stainless steel speci- 
mens was 0.063 in. and they had a 
Rockwell hardness of B 85. Small. tri- 
angular protrusions, monolithic with the 
specimens, extended from each end of 
the gage length so that the elongations 
could be indicated on a recording oscillo- 
graph. 

Three chromel-alumel thermocouples 
were welded on one surface of each 
specimen. One of the thermocouples 
served to signal the specimen tempera- 
ture to the heating system. The other 
two thermocouples were used in the 


TABLE i.—CHEMICAL COMPOSITION OF 
SPECIMENS TESTED. 


Element Per Cent 
0.08 
Manganese, max......... 2.00 
Phosphorus, max......... 0.04 
1.00 
17.0 to 19. 
9.0 to 12.0 
Other elements.. ..... .. columbium - tanta- 

lum—10X carbon 
min 


recording system. A diagram of a speci- 


men appears in Fig. 4. ke ins? 


Recording System: 

The applied load, elongation, and 
temperature of each test coupon were 
recorded simultaneously on a multi- 
channel oscillograph. A block diagram 
of the system is given in Fig. 5. 

The electric strain gages in the dyna- 
mometer were aligned in the direction of 
loading. Elongations in the gage length 
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of each test specimen were monitored by 
means of cantilever-beam type trans- 
ducers on which the strain gages were 
mounted. The tip of the beam rested 
against the small triangular protrusions 
on the specimen. Although the elonga- 
tions of the gage length were monitored 
continuously from the condition of zero 


Fic. 4.—Test Specimen Showing Attachment 
of Thermocouples. 


Thermocouples 1 and 2 are for temperature 
recording; thermocouple 3 is for temperature 
control. 


stress, the response of strain gages was 
not recorded on the recording oscillo- 
graph until plastic action had begun. All 
strains indicated anywhere in this study 
are due solely to the effects of axial 
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tension, and do not include the additional 
elongations arising from thermal ex- 
pansion. Two thermocouples were used 
to measure the temperature at two loca- 
tions on each specimen; thus a mean 
temperature could be found from the two 
values recorded. All four signals passed 
through radiofrequency filters, then 
through a calibration circuit before the 
recording circuits were activated. The 
calibration values were shown as straight 
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of 2200 F, the second, to study the 
effects upon its mechanical properties of 
varying the heating rate and the peak 
temperature of the steel specimens. The 
procedures and results of the two parts 
are discussed below. Generally, three 
tests were made for each prescribed 
condition. These results are either 
bounded within the upper and lower 
lines in the figures, or averaged to indi- 
cate their mean value. 


Filters and Amplifier = 
i 
| |» | 
! Calibration 
Strain Elongation 
Thermocouples Gages Calibration ree 
| 
i Multichannel 
: Recorder 
\ 
Strain 
4 Gages 
(Load) | 
j |, Temperature 
Calibration 
2. Temperature 
at Calibration 
| 
ant ob dente Fic. 5.—Recording System. 


lines a certain distance above the refer- 

ence line on the recording paper. The 

recorded test data were interpreted with 

respect to the corresponding calibration 

line. ur 


Test PROGRAM AND RESULTS 


The program was divided into two 
significant parts: the first, to determine 
the basic mechanical properties of type 
347 stainless steel at a peak temperature 


This part of the program was further 
divided into the following four phases: 
Phase 1.—An investigation of the 
mechanical properties of the material 
under various conditions with zero ini- 
tial stress was conducted during this 
phase. Room-temperature tension tests 
were first made to determine the stress- 
strain characteristics of the material. The 
results of these tests are indicated on 
Fig. 6, which shows two stress-strain 
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curves. The upper plot is the true stress 
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versus true strain curve, and the lower Ao 
one is the nominal stress versusnominal PE aden 
strain curve. These characteristics 
determined at a constant strain rate of Ly 
0.89 in. per in. per sec. : 
» 
The equations used to determine the where: © 
true stress and true strain (4) are: o = the nominal unit stress in psi, 
150 000 - 


True Strain: € = Loge (/+€) 


‘Nominal Stress: 7 = P/Ag 
Nominal Strain: € =4 Lo/Lo 


50 000 
Material: Type 347 Stainless Steel 
v f 
: Strain Rate: 0.89 in. per in. per sec 
— True Stress— Strain Curve 
Nominal Stress-Strain Curve 
1 
0.10 0.20 0.30 0.40 
Strain, in. per in. 
ended Fic. 6.—Stress-Strain Characteristics at Room Temperature. __ 
hee 
P = the load in lb, 
‘on Aj Ao = the original cross-sectional area 
. 
: nF of the test coupon in sq in., 
é = log. (1 + ¢) —— € = the nominal strain in in. per in., 


= the true unit stress in psi, 
A; = the instantaneous cross-sectional 
area of the test coupon in sq in., 
= the true strain in in. per in., and 
= 2.718. 
These equations are employed only in 
that region of the stress-strain curve 
preceding the ultimate or tensile strength 
of the material. The equations used to 
determine the nominal stress and nomi- 
nal strain are: 
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Io = the original gage length of the 
test specimen in in., and 
AL»y = the change in Lo. 

Test coupons were next heated from 
room temperature to approximately 
2200 F in 15 sec. While this temperature 
was maintained constant, the coupons 
were loaded to fracture at a constant 
strain rate of approximately 1.0 in. per 
in. per sec and the stress-strain charac- 
teristics were determined. The results of 
these tests are shown in Fig. 7(a). 

The next series of coupons was sub- 


a 


Stress, psi 


T 
Material Type:347 Steel 


Temperature Range: 2160 to 2220F 
Strain Rate Range:!.10 to!.07 in per in. per sec 
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(a) One heating cycle. 
(b) Two heating cycles. 
(c) Five heating cycles. 
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Fic. 7.—Stress-Strain Characteristics for Various Heating Cycles; No Initial Stress in Test 
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(a) Initial stress, 10,100 psi, equal to the 2200-F tensile strength. 

j (b) Initial stress, 8080 psi, equal to 80 per cent of the 2200-F tensile strength. 

7 (c) Initial stress, 6300 psi, equal to 62.4 per cent of the 2200-F tensile strength. 
an (d) Initial stress, 4550 psi, equal to 45.1 per cent of the 2200-F tensile strength. 
Fic. 8.—Temperature-Strain Characteristics for Various Initial Stresses in Relation to the 2200-F 
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jected to a temperature rise from room 
temperature to approximately 2200 F in 
15 sec, then cooled to 400 F within 60 
sec and intmediately reheated to ap- 
proximately 2200 F in 13 sec. While this 
temperature was held constant, the test 
coupons were loaded to fracture at a 
constant strain rate of approximately 
1.0 in. per in. per sec and the stress- 
strain characteristics were determined. 
The results of the two-cycle heating are 
shown in Fig. 7(0). 

In a similar manner the stress-strain 
characteristics for 5 and 20 cycles of 
heating and cooling prior to loading were 
obtained. The corresponding stress- 
strain diagrams are shown in Figs. 7(c) 
and (d), respectively. 

The two curves shown in Figs. 7(a) 
to (d) represent extreme bounds on all 
test results. They are not to be inter- 
preted as representing results of any 
specific tests. Also indicated in these 
figures are the temperature ranges and 
ranges of strain rates for all tests con- 
ducted. Nominal stress and strain are 
the coordinates employed in Fig. 7(a) 
through (d). 

Phase II—An investigation of the 
mechanical properties of the material 
under conditions of various initial 
stresses, which were maintained constant 
during each test, was conducted during 
this phase. This was accomplished by 
applying to the specimens (at room 
temperature) a tensile stress equal to a 
certain percentage of the tensile strength 
obtained at a temperature of approxi- 
mately 2200 F. Then, while this tensile 
stress was held constant, the tempera- 
ture of the specimens was raised at a 
rate of 200 F per sec until fracture oc- 
curred. 

The average tensile strength at ap- 
proximately 2200 F, as determined in 
Phase I of this investigation, was taken 
as 10,100 psi. 


With an initial stress of 10,100 psi 
applied to the test coupons, the tem- 
perature-strain curves shown in Fig. 8(a) 
were obtained. Again, the two curves 
shown represent upper and lower bounds 
of all test results. 

Next, an initial stress of 8080 psi (80 
per cent of 10,100 psi) was applied to a 
series of test specimens. The upper and 
lower bound temperature-strain curves 
shown in Fig. 8(6) were obtained. 

In a similar manner initial stresses of 
6300 psi (62.4 per cent of 10,100 psi) 
and 4550 psi (45.1 per cent of 10,100 
psi) were applied to two series of test 
coupons to obtain the temperature- 
strain relations shown in Figs. 8(c) and 
(d), respectively. 

Phase III—An investigation of the 
mechanical properties of the material 
under conditions of various hold times at 
approximately 2200 F and zero initial 
stress was performed during this phase. 
The test specimens with zero initial 
stress were heated to approximately 
2200 F in 15 sec. This temperature was 
maintained constant for a predetermined 
period of time; at the end of this time the 
coupons were loaded to fracture at a 
constant strain rate of 1.0 in. per in. per 
sec. The stress-strain characteristics 
were determined during this period of 
loading. 

Series of tests were conducted for the 
hold times of 1 sec, 10 sec, 30 sec, 75 
sec, 5 min, and 30 min. The results of 
these tests are shown in Figs. 9(a) to (f), 
respectively. The two curves shown in 
Figs. 9(a) to 9(f) again represent upper 
and lower bounds of all test results. 
Also indicated in these figures are the 
extreme temperatures and extreme strain 
rates for all tests conducted for any 
given hold time. 

Phase IV——The number of thermal 
cycles required to cause fracture in the 
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Held for Varying Times Prior to Loading. 


(b) Held for 10 sec. 
(c) Held for 30 sec. 
(d) Held for 75 sec. 
(e) Held for 5 min. 


| Material: Type 347 Stainless Stee! 
Temperature Ronge: 2150 to 2204 F ; 
Strain Rate Ronge: |.00 to in.per in. per sec 
Hoid Time: | sec, Stress- Strain Calculotions: Nominal 
10000 : 
15 000 | Material: Type 347 Stainless Stee! 
Temperature Range: 2190 to 2218 F 
of Test Results Strain Rote Range: 0.96 to 10! inper in per sec 
Hold Time:lOsec, Stress Strain Calculations: Nominal 
balla? 
Lower Bound N 
of Test Results 
15000 Material: Type 347 Stoiniess Stee! ai 
(iay le Upper Bound Temperature Ronge: 2175 to 2225 F 
. of Test Results Strain Rate Range: 0.93 to |.0 in per in.per sec 
TRIE Hold Time: 30 sec, Stress-Strain Calculations: Nominal} 
r 
¢ —5.000 (c) 
5000 Materia!: Type 347 Stainless Steel 
Temperature +2213 to 2217 F 
4 user | = Upper Bound Strain Rate Range: 0.92 to 0.97 in.per in. per sec ; 
of Test Results Hold Time 75 sec, Stress - Strain Calculations: Nominal | 
of test Resuits then et a 
15000 Material: Type 347 Stainless Steel 
& Upper Bound Temperature Range: 2196 to 2227 F 
ant Stroin Rate Range: 0.92 to 1.09 in.per in. per sec 
Hold Time: Smin, Stress - Strain Calculations: Nominal 
Py ast tony vila 
. 
15 000 Type 347 Stoiniess Stee! 
f lemperature Range: to 219) F 
Upper Bound Strain Rote 0.94 to 107 inperin.per sec 
We avi of Test Results Hold Time: 30 min, Stress - Strain Calculations: Nominal 
ae 1?) 0.10 0.20 0.30 0.40 050 bey 
“wr Strain, in. per in. 
(a) Held for 1 sec. ierrerene 


(f) Held for 30 min. 
Fic. 9.—Stress-Strain Characteristics for a Constant Temperature of Approximately 2200 F 
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presence of various initial stresses was 
investigated during this phase. This was 
accomplished by applying to the speci- 
mens (at room temperature) an initial 
tensile stress equal to a certain per- 
centage of the value of the tensile 
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In the first cycle the temperature of 2200 
F was attained in 15 sec. The average 
tensile strength at approximately 2200 F, 
which was determined in Phase I, was 
taken as 10,100 psi. 

Tests were conducted using initial 


110 


100 


Upper Bound of Test 
Results 


Lower Bound of \ Material: Type 347 Stainless Steel 
Test Results \ Temperature Range: 2180 to 2220 F 


Number of Heat Cycles Required for Fracture of Test Coupon 


Noy calculations: Nominal 

\} 

—— 1000 3000 5000 7000 9000 


Fic. 10.—Number of Thermal Cycles Required to Cause Fracture for Various Initial Stresses. 


Initial Stress, psi 


strength obtained at a temperature of 
approximately 2200 F. Then the tem- 
perature of the specimens was cycled 
between 2200 and 400 F until fracture 
occurred. In each cycle the temperature 
of approximately 2200 F was achieved 
in 13 sec, and the specimens immediately 
cooled to 400 F in 60 additional sec. 


— 


stresses of 8080 psi (80 per cent of 
10,100 psi), 6300 psi (62.4 per cent of | 
10,100 psi), 4550 psi (45.1 per cent of 

10,100 psi), 3800 psi (37.6 per cent of 

10,100 psi), and 2800 psi (27.8 per cent _ 
of 10,100 psi). Figure 10 indicates the 
number of thermal cycles required to 
fracture the test specimens for each of 
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: Fic. 11.—Elongation in 2 in. Versus Number of Thermal Cycles at Peak Temperature 2200 F. 


Number of Cycles 


(b) Zero to 100 cycles. 


the various initial stresses. Again, the 
two curves shown represent upper and 
lower bounds for all tests. 


Part IT: 


This part of the investigation was 
directed toward the determination of 


the effect of (1) the heating rate and (2) 
peak temperature on the number of 
thermal cycles required to cause frac- 
ture in the presence of various initial 
stresses. The material was type 347 


stainless steel. 


Phase I—Here the peak temperature 
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was 2200 F. In one series of tests the 
specimens were heated from room tem- 
perature to 2200 F in 7 sec, then cooled 
to 400 F in 60 additional sec prior to 
reheating to 2200 F. In another series of 
tests the specimens were heated from 
room temperature to 2200 F in 30 sec, 
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after which they were cooled to 400 F 
in 60 additional sec prior to reheating to 
2200 F. In each case thermal cycles 
corresponding to these temperatures and 
times were applied until fracture oc- 
curred. The elongations between gage 
points were measured, and these elonga- 
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Fic. 12.—Number of Heating Cycles to Failure Versus Initial Stresses at Various Heating Rates. 


TABLE II.—AVERAGE NUMBER OF 
CYCLES TO FAILURE* FOR TYPE 347 
STAINLESS STEEL. 


Nominal Peak Temperature, deg Fahr 

Initial 

Stress, 

psi 1800 2000 2200 

1 800.. >100 
2 800.. iat 80 (90, 80) 
3 800.. > 100 24 (35, 23) 
4 400.. 64 (83, 63) Bae 
4 600.. send met 11 (17, 10) 
6 300.. >100 18 (21,17)} 3 (3, 3) 
8 100.. 50 (61, 37)} 5 (6, 4} 1 1) 
10 100.. 19 (35, 15)} 2 (2, 2 ae 
11 800.. 5 (8, 4) “fr 
13 400.. i @ BD 


Figures inside the parentheses represent 
the maximum and minimum of the test data, 
respectively. 


tions versus the number of cycles, for 
specimens heated at different rates, are 
shown in Fig. 11(a) and (6). The number 
of heating cycles to failure versus the 
initial stress is shown in Fig. 12. These 
graphs were based on the average values 
of the test data. 

Phase II —Thermal cyclings involving 
a peak temperature of 2000 or 1800 F 
were studied. The heating and cooling 
periods were the same as those used in 
Phase IV of Part I, that is, 13 sec and — 
60 sec, respectively, after the first cycle, 
which involved a time of 15 sec rather 
than 13. The average test data for 
thermal cycling at peak temperatures of 
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1800, 2000, and 2200 F (from Phase IV 
of Part I) are listed in Table II. 
Empirical Relations Based on Phases 
I and II —Empirical relations between 
the number of thermal cycles required to 
cause fracture and the heating rate, 
peak temperature, and initial stress were 
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wi 


ait! ei specimen (applied at room 
wed temperature), and 
oo = reference stress, depending 


on peak temperature. 
oo is a stress such that when ¢ = ao, N 
is equal to unity to the nearest integer. 
It was found that 


TABLE III.—VALUES OF USED IN (1) 
CALCULATION. where: 
Desk oo, psi exp [3(1 — 6°-”)] 
and m2 is given in 
10.000 | gee» Table TIT. 
14 000 4e~ 
When specimens were heated from room 
- 
100 Type 347 = Stainless 
Steel ©,4 Average Test Data 
Peak Temperature: irical Equations (| 
we 2200 F Empirical Equations (1) ,(2) 
2 
60 \ 
N 
oO 
\ 
40 
2 
\ 
= 
2°20 
ie) 1000 2000 3000 4000 5000 6000 7000 8000 
Initial Stress, psi 


Fic. 13.—Empirical Equations Compared with Test Data. 


sought. The empirical relations to repre- 
sent the experimental results have the 
following form: 


Let N = number of thermal cycles 
required to cause fracture, 
: de based upon a heating period 
fits 7 of 15 sec. Then 
a/o 
= initial stress in the test 


temperature to 2200 F in less than 15 
sec, the number of cycles to fracture was 
not significantly changed from the num- 
ber found for the 15-sec period. This can 
be observed from Fig. 12. From tests 
using a heating period longer than 15 sec, 
if N30 denotes the number of thermal 
cycles required to cause fracture at a 
heating period of 30 sec and peak tem- 
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relations 
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perature of 2200 F, then 

Nw = m exp (64 — 1)........ (2) 
The above empirical relations as well as 
all test data are shown in Figs. 13 through 
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15. These figures indicate that the above 
satisfactorily represent the 
behavior of the stainless steel in these 
various environments. 


100 
Type, 347 — © Average Test Data 
Book Temperoture | — Empirical Equation (1) 
80 
3 
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2 ° 
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DISCUSSION OF RESULTS AND 
CONCLUSIONS 


Part I: 


Phase I—The results shown in Figs. 
7(a) to (d) indicate that there is no 
significant change in the mechanical 
properties of type 347 stainless steel 
with an increase in the number of cycles 
of heating and cooling between 2200 
and 400 F. The tensile strength of the 
material is approximately 10,000 psi for 
all cases. This conclusion is based upon 
a constant strain rate of approximately 
1.0 in. per in. per sec. 

Phase II—The results indicated by 
Figs. 8(a) to (d) show that the tempera- 
ture at which fractures begin in the 
material increases from approximately 
2150 F, for an initial stress of 10,100 
psi, to approximately 2450 F, for an 
initial stress of 4550 psi. These values 
are based upon a constant temperature 
increase of 200 F per sec. 

Phase III—The results shown in 
Figs. 9(a) to (f) indicate that the effect 
of holding the temperature constant for 
periods varying from 1 sec to 30 min 
after a temperature of 2200 F has been 
attained (with no load) does not ap- 
preciably affect the mechanical properties 
of the material. The tensile strength in 
all cases is approximately 11,000 psi. 
This value is slightly greater than that 
found in Phase I. Again, this conclusion 
is based upon a constant strain rate of 
approximately 1.0 in. per in. per sec. 

Phase IV —The results shown in Fig. 
10 indicate that the number of cycles of 
heating and cooling between 2200 and 
400 F necessary to fracture the test 
specimens increases as the initial stress 
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is decreased. It is to be observed that the 
number of cycles increases very rapidly 
when the initial stress is less than ap- 
proximately 4500 psi. Stresses greater 
than approximately 4500 psi cause 
larger elongations during each heating 
cycle and, consequently, fewer cycles of 
heating and cooling are required to cause 
fracture. 


Pari II: 


As shown in Figs. 11(a) and (6), for a 
2-in. gage length of type 347 stainless 
steel the elongation was nearly 0.5 in. in 
all thermal cycling tests. In Fig. 12 it 
can be seen that the number of thermal 
cycles required to cause fracture is not 
significantly affected by the heating rate 
when the heating period is less than 15 
sec. For longer heating periods the 
number of cycles to failure lessens with a 
decreasing heating rate. The number of 
cycles to fracture at different peak tem- 
peratures can be found in Table II. 
Empirical Eqs 1 and 2 are suggested for 
representing the test results approxi- 
mately (Figs. 13, 14, and 15). 
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SUMMARY OF PROCEEDINGS OF SYMPOSIUM ON EVALUATION 
OF METALLIC MATERIALS IN DESIGN FOR LOW- 
TEMPERATURE SERVICE 


This Symposium on Evaluation of Metallic Materials in Design for 
Low-Temperature Service was arranged in response to the increasing inter- 
est, particularly on the part of the aerospace industries, in the behavior of 
materials at cryogenic temperatures. 

The Joint Committee on Effect of Temperature on the Properties of 
Metals sponsored the symposium. The papers were presented on June 27 
and 28, 1961, during the ninth, thirteenth, and twenty-second sessions of 
the Sixty-fourth Annual Meeting of the Society, at Atlantic City, N. J. 

Mr. E. M. Kloeblen, Linde Co., served as Symposium Chairman. Mr. 
F. B. Foley, Metallurgical Consultant, and Mr. G. R. Irwin, U. S. Naval 
Research Laboratory, served as Session Chairmen and together presided 
over the three sessions. Mr. Irwin also was moderator of the Panel Discus- 
sion that followed the presentation of the papers. 

The papers included in the symposium are: 


Analysis of Effects of Test Temperature on the Notch Strength of High-Strength 
Sheet Alloys—Volker Weiss and John G. Sessler 

Welded Ferritic Steel Construction for Intermediate Low-Temperature Service—A. A. 
Wells 

Effect of U-Notch Depth on Impact Resistance Under Simple Beam Loading—Don- 
ald C. Reymond 

Effect of Small Cracks on the Load-Carrying Ability of High-Strength Steel—G. K. 
Manning 

Fracture of High-Strength Sheet Steel Specimens Containing Small Cracks—J. E. 
Srawley and C. D. Beachem 

Tensile and Impact Properties of Cast Stainless Steels at Cryogenic Temperatures— 
E. R. Hall 

Steels of Improved Fracture Toughness—John M. Hodge 

Testing Techniques and Evaluation of Materials for Use at Liquid Hydrogen Tem- 
perature—R. Markovich and F. Schwartzberg 

Correlation of Notched: Unnotched Tensile Ratios with Tensile Fatigue Properties of 
Complex Welded Joints in High-Strength 300 Series Stainless Steels at Cryo- 
genic Temperatures—J. F. Watson, J. L. Christian, T. T. Tanalski, and A. Hur- 
lich 

Factors Influencing Fracture Toughness of Sheet Alloys for Use in Lightweight Cry- 
ogenic Tankage—G. B. Espey, M. H. Jones, and W. F. Brown, Jr. 

Design of Cryogenic Storage Tanks for Industrial Applications—Herbert W. Marsh 

Brittle Fracture Transition of Some Concrete Reinforcing Steels—Allan L. Tarr 

Testing and Design Considerations in Brittle Fracture—S. Yukawa 

Influence of Sheet Thickness on Sharp-Edge-Notch ——— of a 8 Titanium Alloy 
at Room and Low Temperatures—A. J. Repko, M. H. Jones, and W. F. Brown, 
Jr. 


Panel Discussion 


These papers with discussion were issued as ASTM Special Technical 
Publication No. 302, entitled “Symposium on Evaluation of Metallic 
Materials in Design for Low-Temperature Service.” 
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_ ing of aircraft. Various techniques for compression testing are presented 


SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
ELEVATED-TEMPERATURE COMPRESSION 
TESTING OF SHEET MATERIALS 


Compression testing of sheet materials is of great importance in the build- 


and evaluated in this Symposium on Elevated-Temperature Compression 
Testing of Sheet Materials, sponsored by the Test Methods Panel and the 
Panel on Structural Materials for Airframes and Missiles of the ASTM- 
ASME Joint Committee on Effect of Temperature on the Properties of 
Metals. 

The papers in the symposium were presented on June 29, 1961, during 
the thirtieth session of the Sixty-fourth Annual Meeting of the Society 
at Atlantic City, N. J. Mr. H. C. Turner, Convair, presided over the ses- 
sion and, with Mr. J. R. Kattus, Southern Research Inst., served as Sym- 
posium Co-chairman. ' 

The papers included in the symposium are: 


Introduction—H. C. Turner 

An Evaluation of Compression Testing Techniques of Sheet Materials at Elevated 
Temperatures—George Gerard 

Compression Testing of Sheet Materials at Elevated Temperatures—Ralph Papirno 
and George Gerard 

Rapid-Rate Compression Testing of Sheet Materials at High Temperatures—E. C. 
Bernett and W. W. Gerberich 

Evaluation of Test Variables in Determination of Elevated-Temperature Compressive 
Yield Strength of Magnesium Alloy Sheet—R. W. Fenn, Jr. 

Compression and Buckling Characteristics of Annealed and Aged Inconel 718 Nickel- 
Chromium Alloy at Temperatures up to 1400 F—J. Dubuc and G. Welter 

Evaluation of a System for Compression Testing of Sheet Materials at Elevated Tem- 
peratures—W. W. Breindel, R. L. Carlson, and F. C. Holden 


These papers with discussion were issued as ASTM Special Technical 
Publication No. 303, entitled “Symposium on Elevated-Temperature Com- 
pression Testing of Sheet Materials.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON — 
EXTENSION OF SENSITIVITY FOR DETERMINING | 
VARIOUS CONSTITUENTS IN METALS 


In order to review the progress in techniques for determination of trace 
constituents in metals, ASTM Committees E-2 on Emission Spectroscopy 
and E-3 on Chemical Analysis of Metals sponsored this Symposium on 
Extension of Sensitivity for Determining Various Constituents in Metals. 
The papers in the symposium were presented on June 28, 1961, during the 
twentieth and twenty-fifth sessions of the Sixty-fourth Annual Meeting 
of the Society at Atlantic City, N. J. 

Messrs. L. M. Melnick, U. S. Steel Corp., and N. E. Gordon, Jr., West- 
inghouse Electric Corp., served as Symposium Co-chairmen and panne 
over the morning and afternoon sessions respectively. 

The papers included in the symposium are: 


Separations in Analysis—J. L. Hague 

Some Recently Developed Electroanalytical Techniques for Determination of Traces 
of Metals—Louis Meites 

Radioactivation Analysis—A Specific for Trace Element Determinations—G. W. 
Leddicotte 

Ultratrace Emission Spectroscopy—George H. Morrison and R. L. Rupp 

Use of the Electron Probe to Measure Low Average but High Local Concentrations— 


L. S. Birks and R. E. Seebold - 
Extension of Sensitivity in Analysis of Impurities in Solids by Mass Spectrometry— 
C. M. Stevens 


These papers with discussion were issued as ASTM Special Technical 
Publication No. 308, entitled “Symposium on Extension of Sensitivity for 
Determining Various Constituents in Metals.” 
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SIGNIFICANCE OF SELECTED ASTM TESTS FOR CEMENT” 


wT 
DISCUSSION OF METHODS OF TEST FOR FALSE 
4 SET OF PORTLAND CEMENT* 
By W. C. Hansen! 


The Working Committee on Pre- 
mature Stiffening was organized by 
ASTM Committee C-1 on Cement in 
October, 1953. The assignment was 
“to define premature stiffening, make a 
study of the characteristics of this 
condition, and then prepare a method 
of testing for premature stiffening.” 

At the first meeting on February 3, 
1954, the committee voted to have its 
name changed to the Working Com- 
mittee on False Set and the following 
was adopted as a definition of false set: 
“False set is the rapid development of 
rigidity in a mixed cement paste, without 
evolution of much heat, which rigidity 
can be dispelled and plasticity regained 
by further mixing without addition of 
water.” 

At that time, the Federal government 
and the states of Nebraska and Wash- 
ington had methods of testing for false 
set. These were reviewed and others 
were suggested. 

It was recognized at the outset that 
false set would not be detected if the 
mixing period in the test method ex- 
ceeded a few minutes or if the method 
of testing disturbed the mortar or paste 
as the test was being made. 

The Federal and Nebraska methods 
required that the operator determine 


* Presented at the Sixty-fourth Annual 
Meeting of the Society, June 25-30, 1961. 

1 Consulting Chemist, Valparaiso, Ind.; For- 
merly Director, Research Laboratories, Univer- 
sal Atlas Cement Division, United States Steel 
Corp., Gary (Buffington Station), Ind. 
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the amount of water to be used in a 
neat cement by kneading the paste by 
hand. The results of these tests could 
accordingly depend very markedly on 
the experience of the operator. 

In the Washington method, the 
mixing of a mortar was done by hand 
with a spoon and the water requirement 
was determined by use of the flow table, — 
which also seemed objectionable. 

The committee experimented with 
what could be considered a modification 
of the Nebraska and Washington 
methods. This led to the development 
and adoption of ASTM Method C 
359 — 55 T,? in which a mortar is mixed 
by machine, the penetration of the Vicat 
needle is measured at four periods, and 
the mortar is remixed to determine 
whether or not the workability can be 
restored. 

The members felt that the principal, 
if not the only, cause of false set was , 
crystallization of gypsum in the paste or 
mortar which resulted from the dehydra- 
tion of gypsum during either grinding 
or storage. The data in Table I demon- 
strate the ability of dehydrated gypsum 
to cause stiffening in powdered quartz 
paste. The data for this table were 
determined by grinding quartz to about | 
the fineness of cement in a cold mill 
with gypsum (CaSO,-2H;0), equivalent 
to 2.0 per cent SO;3; with molding 
plaster (CaSO,-3H,O), equivalent to 

2 Tentative Method of Test for False Set of 


Portland Cement (C 359-56 T), 1958 Book of 
ASTM Standards, Part 4. 
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2.0 per cent SO;3; and without either 
gypsum or plaster. These were blended 
to give mixtures with 0 to 2.0 per cent 
30; as gypsum and 0 to 2.0 per cent 


SIGNIFICANCE OF SELECTED ASTM Tests 


stiffening in the mortar with quartz 
flour as the cementing ingredient. It was 
recognized that such small amounts cf 
dehydrated gypsum in portland cements 


TABLE I.—FALSE SET IN QUARTZ PASTES AS DETERMINED BY ASTM 
METHOD C 359. 


’ Paste Containing Gypsum, Paste Containing Molding Plaster, 
a Penetration, mm Penetration, mm 
SOs, per cent 
Initial | 5 min | 8 min | 11 min | Remix | Initial | 5 min | 8 min | 11 min | Remix 
50+ 45 46 at 50+ | 50+ 45 46 44 50+ 
a ee See 47 43 42 42 47 49 40 38 30 50+ 
46 44 40 38 46 46 38 27 20 50+ 
« 46 45 41 43 47 48 10 8 7 50+ 
wad 47 47 42 40 46 47 5 0 0 50+ 
Py eee 48 44 41 41 48 41 0 0 0 50+ 


TABLE II.—RESULTS OF EXTRACTION AND FALSE SET TESTS ON 
TYPE IS CEMENT. 


Results of Extraction Test Results of False Set Test with 


32 per cent Water 


Treatment Time of 


Composition of Extract, 
uit Shak- moles per liter 


Penetration, mm 


SOs | (oH): | CaO | Naso* Initial | $ min | 8:min | 11 min | Remix 


CEMENT aS GROUND 


As received........ 


1 | 0.0245) 0.0279) 0.0286) 0.0238) 50+ | 47 46 46 | 50+ 
3 | 0.0157) 0.0433) 0.0279) 0.0311 


Aerated 24 hr...... 


Aerated 48 hr...... 


1 
3 | 0.0162) 0.0338) 0.0276) 0.0224 


Aerated 24 hr...... 1 0.0523) 0.0238) 0.0589) 0.0172) 47 44-| 30 16 | 50+ 
3 0.0401; 0.0239) 0.0458) 0.0182 
Aerated 48 hr...... 1 0.0533) 0.0232) 0.0621) 0.0144) 17 14 5 2 | 48 
3 | 0.0431) 0.0234) 0.0512) 0.0153 
CEMENT FROM SILO 
Asreceived........ 0.0233) 0.0285) 0.0279} 0.0239) 50+ 45 43 37 | 45 


0.0521) 0.0190) 0.0560} 0.0151; 50+ | 47 46 46 | 50+ 
0.0433) 0.0242) 0.0496) 0.0179 


1 | 0.0538) 0.0225) 0.0628 0.0135) 46 27 12 10 | 50+ 
3 | 0.0432) 0.0229) 0.0515, 0.0146 


moles per liter. 


SO; as molding plaster. These blends 
were then tested for false set. The 
method showed that as little as 0.25 
per cent SO; as molding plaster produced 


® SO; at equilibrium for Na,O of 0.0135 to 0.0311 moles per liter varies from about 0.019 to 0.025 


might not show stiffening because 
cements combine with appreciable 
amounts of SO; during the mixing period. 
However, these data indicate that this 
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method should show false set that was 
severe enough to cause trouble in the 
field. 

One aspect of the problem of false set 
that has plagued the producer and user, 
as well as the investigator, is the ability 
of some cements to become false setting 
when exposed for some periods of time 
to the atmosphere. This is shown in 
Table II. The data for this table were 
obtained by testing a commercial 
cement as drawn from the silo, that is, 
as received, and after exposure in thin 
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results from the extraction tests of the 
aerated samples showed these cements 
to be highly supersaturated with respect 
to gypsum. Since aeration could not 
dehydrate the gypsum, one has to 
conclude that the unaerated cement 
contained dehydrated gypsum. This 
leads to the conclusion that aeration 
decreased the rate at which the cement 
minerals combined with calcium sulfate 
and this permitted the gypsum to 
precipitate from the paste and cause 
false set. 


TABLE III.—RANGE OF PENETRATION OF ELEVEN LABORATORIES. 


Range of Penetrations at Period Indicated for 
Eleven Laboratories, mm 


‘4 Cement Sample 


. fi Initial At 5 min At8min | At 11 min Remixed 
50+ 50+ 50+ 50+ 50+ 
7-50+ 2-5 1-2 0-1 48-50+ 
©. 45-50+ 6-50+ 4-50+ 3-46 37-50+ 
24-50+ 0-9 0-6 0-6 46-50+ 
SO A + SOM 50+ 50+ 48-50+ 48-50+ 50+ 
A 0% 50+ 50+ 48-50+ | 46-50+ 50+ 
cob 50+ 42-50+ 12-50+ 4-50+ 50+ 
20% A + 80% B 37-50+ 2-23 1-5 1-3 50+ 


layers to the air of the laboratory for 
24 and 48 hr. In addition to the test for 
false set, the cement was extracted 
with water and the extracts were ana- 
lyzed for sulfate, hydroxide, calcium 
oxide and sodium oxide. 

The SO; contents of the 1- and 3-min. 
extract from the pastes of the “as 
received” sample are very much like 
those required for equilibrium with 
solutions containing the amounts of 
alkali found in these extracts. These 
results and those of the penetration 
test indicated that the cement as drawn 
from the silo did not contain much, if 
any, dehydrated gypsum. However, the 


AGREEMENT BETWEEN 
LABORATORIES 


Four samples of cement were tested 
by eleven laboratories in 1954 to deter- 
mine the degree to which different 
laboratories could check each other by 
this method. The cements were as 
follows: 

A. Type I clinker ground with 
gypsum in a laboratory mill at atmos- 
pheric temperature. 

B. Commercial type I cement heated 
until it showed severe false setting 
properties by the proposed test. 

C. Commercial type IT cement. 
D. Commercial type III cement. 
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TABLE IV.—RESULTS OF COOPERATIVE TESTS BY ELEVEN LABORATORIES 
WITH METHOD C 359.* 


Penetrations, mm 
Laboratory No. Sample as Received Aerated Samples” 
Initial | $ min | 8 min 11 min | Remix Initial $ min | 8 min | 11 min Remix 
Sampte A—Typse I—30% Warer 
a eS, Sree * 50+ | 50+ | 50+ | 50+ | 50+ | 50+ | 50+ | 50+ | 50+ | 50+ 
50+ | 50+ | 50+ | 50+ | 50+ | 50+ | 50+ | 50+ | 47 50+ 
50+ | 50+ | 50+ | 50+ | 50+ | 50+ | 50+ | 26 20 50+ 
Re eee | 50+ | 50+ | 50+ | 50+ | 50+ | 50+ | 50+ | 48 30 50+ 
__ PRE ase 50+ | 50+ | 50+ | 50+ | 50+ No Tests Made 
Bewhawekkew dies eam 50+ | 50+ | 50+ | 50+ | 50+ | 50+ | 46 | 36 | 36 | 50+ 
Sampte B—Tyrrs I—30% Water 
Diccanemenceeeoreonen 28 3 2 1 50+ | 7 2 1 0 50+ 
is eekswanvakaceaNees 31 3 1 0 50+ | 10 2 1 0 50+ 
estan svscldeebbab een 28 5 2 1 50+ | 11 3 2 1 50+ 
42 4 1 0 50+ 6 1 0 0 50+ 
Diseenssvasosmberceee 50+ + 1 0 50+ 6 3 0 0 50+ 
48 4 1 0 50+ 3 1 0 50+ 
Ree T, 33 5 2 1 50+ | 45 5 1 1 50+ 
1 1 50 6 2 1 1 50+ 
7 3 1 1 50— No Tests Made 
a eer 4 2 1 0 48 2 1 0 0 48 
eee ee 50 3 1 1 50 37 3 | 2 1 50+ 
Sampte C—T II—30% Water 
Ditties ydickenatetacee 50+ | 50+ | 50+ | 46 50+ | 50+ | 42 15 10 50+ 
win 50+ | 32 14 6 50+ | 50+ | 42 12 8 50+ 
Dot caconseceeerend 50+ | 41 18 8 50+ | 50+ | 46 12 6 50+ 
50+ | 47 13 10 50+ | 50+ | 40 ll 6 50+ 
A) Re ee ee 50+ | 48 27 12 50+ | 11 hg 1 1 50+ 
50+ | 47 35 12 50+ | 50+ | 45 28 12 50+ 
ere ee 50+ | 47 25 12 50+ | 50+ | 47 30 13 50+ 
De tkcscnannde bees wie 50+ | 50+ | 50+ | 25 50+ | 50+ | 20 6 5 50+ 
De cncsawasebeueonnen 48 34 10 7 50+ No Tests Made 
45 6 3 37 47 | 3 3 44 
Dicstsikieseanneideda 50+ | 4 | 13 6 | 50+ | 50+ | 43 | 12 | 7 | 50+ 
Sampte D—Type III—32% Water 
50+ | 50+ | 50+ | 50+ | 50+ | 50+ | 3 2 2 50+ 
+ Ae ee ee 50+ | 50+ | 50+ | 50+ | 50+ | 24 9 6 6 50+ 
50+ | 44 19 8 50+ | 37 5 3 1 50+ 
Csi vsaseawdessweaen 48 48 41 33 50+ | 18 3 3 2 50+ 
50+ | 50+ | 48 45 50+ | 50+ 5 A 5 50+ 
Re avchiecivdareanmeuel 50+ | 26 22 18 50+ | 50+ 1 0 0 50+ 
30 10 10 9 50+ | 50+ 2 1 0 50+- 
50+ | 50+ | 48 48 50+ | 50+ 0 0 0 50+ 
8 4 7 6 50 No Tests Made 
5 3 3 3 35 50+ 1 0 0 46 
50+ | 21 10 10 50+ | 50+ 1 2 1 50+ 
* Prior to adoption by ASTM. 


> Samples A, B and C spread in thin layers in laboratory air for 2 hr; stored in sealed cans for 


approximately 24 hr. Sample D spread in thin layer in laboratory air for 45 min. 


The samples were tested as received 
and after aeration. In addition, blends 
of cements A and B were tested. The 
results of these tests are given in Tables 
IV and V. The results for the eleven 
laboratories varied within the following 
ranges: 

Cement A should not have shown false 
set and none of the laboratories found 
any indication of false set on the “as 
received” sample. However, three out of 
ten found mild stiffening on the 
“aerated” sample. 

Cement B should have shown severe 
false setting, and only two laboratories 
obtained an initial penetration of 50+. 
All laboratories obtained between 0 and 5 
mm at the other periods. When this ce- 
ment was aerated, the initial penetra- 
tions, except for two laboratories, were 
11 or less, and at the other periods they 
varied between 0 and 5 mm. 

The false setting characteristics of 
sample C were not known at the outset 
of the study. Five laboratories obtained 
penetrations of less than 10 mm at the 
11-min period, the penetrations for the 
other laboratories varied between 10 
and 46 mm. Hence, with the exception 
of the one laboratory that obtained 46 
mm, the laboratories obtained from 
mild to severe false setting char- 
acteristics. On the aerated sample, all 
penetrations at the 11-min period 
varied between 13 and 1 mm. It appears, 
therefore, that the variations of 46 to 3 
mm obtained on the “as received” 
samples were obtained because of dif- 
ferent degrees of aeration of the sample. 
For example, the laboratory that ob- 
tained a penetration of 46 mm on the 
“as received” sample obtained 10 mm 
on the aerated sample. Laboratory No. 
10 obtained initial penetrations of 47 
and 45 mm and 11-min penetrations of 
3 mm on the “as received” and “aerated” 
samples, respectively. Hence, it appears 
that their “as received” sample was 
badly aerated. 
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TABLE V.—RESULTS OF COOPERA- 
TIVE TESTS BY TEN LABORATORIES 
WITH METHOD C 359* ON BLENDS OF 
CEMENTS A AND B. 


Penetrations, mm 


Laboratory No.> 


All except 10........ 50+|50+|50+/50+/50-+- 


50+/50+|50+/50+|50+ 


20A + 80B 
WA 50+]11 | 4 | 3 |50+ 
50+/7 | 4 |3 
50+/6 | 4 |3 |50+ 
50+/8 | 4 |3 {50+ 
50+/5 |3 | 2 |50+ 
50+/5 |3 | 2 |50+ 
50+/10 | 3 | 2 
50+) 2 |1 |50+ 
50+/23 | 4 |3 |50+ 


* Prior to adoption by ASTM. 
> Laboratory No. 6 did not take part in all 
tests. 


What has been said for sample C 
applies to sample D. The 11-min penetra- 
tions on the aerated sample varied 
between 6 and 0 mm, whereas on the 
“as received” sample they varied be- 
tween 50+ and 3 mm. This certainly 
appears to be a case of the different 
laboratories testing ‘‘as received” sam- 
ples that had been aerated to different 
degrees. 

The results with cements A and B 
agreed fairly well between laboratories. ; 


: Ini- 5 8 11 | Re- 
aka th | Bt 
| 20B 
60A + 40B 
ll except 
410A + 60B 
(50+ 
/48 [50+ 
[504/42 [12 | 8 [60+ 
—Aerated sample...|50+|50+/17 | 4 |50+ 
Po 
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The first was a nen- and the second 
was a false-setting cement. These were 
blended to give the four cements for 
which data are given in Table V. With 
the 80A + 20B and with the 60A + 
40B blend, only laboratory No. 10 
obtained less than 50 mm penetration 
at any period. That laboratory obtained 
48 and 46 mm, respectively, at the 11- 
min period. 

With the 40A + 60B blend, except 
for laboratory No. 10, the penetrations 
at the 11-min period varied between 
50+ and 44 mm. Laboratory No. 10 
obtained 8 mm at that period. Labora- 
tory No. 1 aerated the sample and 
obtained 4 mm at the 11-min period. 
It appears from this that laboratory 
No. 10 tended to aerate the samples 
much more than did the other labora- 
tories. 

With the 20A + 80B blend, the 

penetrations at the 11-min period for 
all laboratories varied between 1 and 3 
mm. 
The conclusions from this study were 
that the results from different labora- 
tories would agree very well if the 
samples were aerated to the same degree 
before being tested. Investigators using 
the Federal Method which required 
mixing by hand, which is now ASTM 
Method C 451 - 60 T* found that 
aeration also changed the false setting 
characteristics as determined by that 
method. Hence, the two methods ap- 
peared to be equivalent in indicating 
false set and variations caused by 
aeration. 

One advantage of Method C 451 - 
60 T, compared to Method C 359 — 56T, 
is that the former requires almost no 
equipment whereas the latter requires a 
mechanical mixer. On the other hand, 
with Method C 451, it is often necessary 
to make several trial batches to obtain 


* Method of Test for False Set of Portland 
Cement (C 451-60 T), 1960 Supplement to 
Book of ASTM Standards, Part 4. 
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the water requirement, whereas with 
Method C 359 only one batch of 600 g 
of cement is required for a test. Another 
advantage of Method C 359 over Method 
C 451 is that a relatively inexperienced 
operator can perform it, whereas with 
the latter an operator must have a large 
amount of experience to be able to obtain 
consistent results for the water require- 
ment of a badly false-setting cement. 

One sample of cement that showed 
false set on a paving job was tested by 
eleven members of the committee. The 
initial penetrations varied between 50+ 
and 12; between 14 and 0 at 5 min; 
between 2 and 0 at 8 min; and between 
0 and 1 mm at 11 min. All except two 
laboratories obtained 50+ on the 
remix. The two obtained 17 and 20 
mm. 

During the period of 1956 to 1959, 
four members of the committee have 
submitted data on samples from field 
projects in which trouble was encoun- 
tered with false set. In some cases, it is 
not certain that the sample sent to the 
laboratory was from cement that was 
actually producing false set in the 
field. A total of 22 samples was tested. 
Of these, 2 had penetrations at 11 min 
of 45 and 47 mm. Four had penetrations 
at 11 min between 8 and 12 mm and the 
remaining 16 had penetrations at 11 
min ranging between 0 and 3 mm. 

It appears from these results that 
cements that cause difficulties in the 
field from the standpoint of false set are 
likely to have penetrations of less than 
5 mm at the 11-min period. 


SUMMARY 


The data in the files of the Working 
Committee on False Set show good 
agreement between the results obtained 
in different laboratories with ASTM 
Method C 359 on samples from the 
same lots of cements. These data also 
show that some cements develop false 
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set when aerated and that erratic 
results may be obtained unless the 
operator is careful in the handling of his 
samples prior to testing. The working 
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committee is currently carrying out an 
investigation to determine agreement 
between results obtained with Methods 
C 359 and C 451. 


EA OF TEST FOR CALCIUM SULFATE IN HYDRATED 


we PORTLAND-CEMENT MORTAR* 


“Portland cement is the product ob- 
tained by pulverizing clinker consisting 
essentially of hydraulic calcium silicates, 
to which no additions have been made 
subsequent to calcination other than 
water and/or untreated calcium sul- 
fate, etc.” The definition, quoted in part, 
is taken from ASTM Specifications for 
Portland Cement (C 150). 

The use of calcium sulfate, usually 
gypsum, in portland cement to control 
setting goes back to the advent of the 
rotary kiln. The tendency of early 
cements toward flash set created a prob- 
lem. W. C. Hansen (1)? drawing from 
Lesley (2), attributes the first use of 
calcium sulfate to control set to workmen 
in France who added plaster to the 
mixing water to retard setting when 
making concrete sidewalks. 

It was recognized that while calcium 
sulfate (gypsum) was valuable in con- 
trolling set, too much sulfate could cause 
excessive expansion and disintegration. 
Therefore, specification limits on SO; were 
set at 2.0 per cent maximum in 1917 for 
all cements and remained at this level 
for many years. In 1930, a tentative 


* Presented at the Sixty-fourth Annual 
Meeting of the Society, June 25-30, 1961. 

1Chief, Concrete Division, U. 8S. Army 
Engineer Waterways Experiment Station, Jack- 
son, Mississippi. Also Chairman, Working 
Committee on Sulfate Content, ASTM Com- 
mittee C-1 on Cement. 

2 The boldface numbers in parentheses refer 
to the list of references appended on this paper. 
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tela, 
specification for high-early strength ce- 
ment was issued permitting a maximum 
of 2.5 per cent SO . 

William Lerch (3), at the Annual 
Meeting of the Society in June, 1946, 
presented his monumental work on the 
influence of gypsum on the behavior 
and properties of portland-cement 
pastes. Lerch’s study was undertaken in 
the belief that the quantity of gypsum 
required to regulate properly the setting 
and hydration of cement would vary with 
fineness and composition. His findings 
fully confirmed these suppositions. Lerch 
found that gypsum acts to retard ce- 
ments that are flash setting and to 
accelerate those that are abnormally slow 
setting. He found that gypsum used in 
proper amounts minimized shrinkage 
from drying and expansion from storage 


in water. He also found higher strengths 


resulting from use of adequate gypsum. 
His work went far toward relieving fear 
of the consequences of using too much 
gypsum. The beneficial action of gypsum 
seems to be related to the control of the 
rate of solution and hydration of tri- 
calcium aluminate (C;A). Calcium hy- 
droxide also exerts a restraining effect on 
the reaction, but gypsum and lime to- 
gether exert more effect than either 
separately. More gypsum is required in 


the presence of sodium and potassium — 
alkalies since they accelerate solution | 


of CA. 
The product of reaction between C;A 


| 
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and gypsum is a calcium sulfoaluminate 
which occupies greater volume than the 
sum of its separate components; however, 
if the reaction goes to completion within 
an early age—for example, 24 hr at 
normal temperatures—the paste is suffi- 
ciently plastic to accommodate the 
volume change without damage. In fact, 
measurable volume change is mini- 
mized. If an excess of unused SO, ions 
remain after about 24 hr, subsequent 
expansion might occur if water enters the 
concrete. This results from the formation 
of more sulfoaluminate. Lerch concluded 
that when gypsum is present in a correct 
amount, a water extract of hardened 
cement-sand mortar at 18 hr should 
contain at least 1.0 g SO, per liter, but 
less than 0.07 g per liter at 24 hr. His 
work appeared to offer a feasible analyti- 
cal chemical means for determining when 
the optimum amount of gypsum had 
been added to the cement. 


DEVELOPMENT OF ASTM MeEtTuHop 
C 265 


As a result of the work by Lerch, 
ASTM Committee C-1 on Cement in 
1946 established the Working Committee 
on SO; Content to consider the effects 
of SO; in cement. The working com- 
mittee made its first report in 1950 (4). 
The report covered findings of a coopera- 
tive investigation wherein the members 
tested different clinkers ground with 
different amounts of gypsum. Extraction 
tests indicated agreement as to optimum 
with measurements for strength and 
volume change. 

Reproducibility between laboratories 
was not excellent, but good enough for 
the working committee to recommend to 
the Society the adoption of maximum 
permissible limits of SO; based on an 
extraction test at 24 hr. ASTM Method 
C 265 - 51 T, Tentative Method of Test 
for Calcium Sulfate in Hydrated Port- 
land Cement Mortar, was adopted and C 
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150 — 52 T was issued with provision for 
limiting SO; based on the extraction test. 
A weakness of this approach was that, 
although safeguards were provided to 
prevent too much sulfate, no means was 
provided to insure use of enough gypsum. 

Experience of the cement industry 
operating under the specification for 
maximum SO, based on extraction at 24 
hr was generally unsatisfactory. A high 
degree of skill was required in perform- 
ance of the test. In effect, the manufac- 
turer was trying to add enough gypsum 
so that there would be a little SO, left 
at 18 hr, but practically none left at 24 
hr. The analysis was tricky and de- 
pended on very close timing and tem- 
perature control and strict adherence 
to detail. 

The ASTM example was followed out- 
side the United States, and in 1954 Mexi- 
can Standard Specification DGN C-1 
adopted limits based on the extraction 
test, where water extracts of mortars 
must contain a minimum of 0.1 g SO; per 
liter of extract at 18 hr and not over 0.5 
g per liter at 24 hr. 

In 1956, the Society again revised the 
cement specification, adopting limits for 
SO; based on type.and composition. 
Limits on SO; have been raised from 
time to time so that now as much as 4 
per cent SO; is permitted in type III 
cement when the C;A is 8 per cent or 
more. 

Because of difficulties with ASTM 
Method C 265, another series of coopera- 
tive tests was undertaken in the fall 
and winter of 1955-1956. Five cements 
with wide range in composition were 
tested. Test requirements for time be- 
tween mixing and extraction and on 
temperature control were made quite 
restrictive. Analyses for SO; were made 
on extracts taken at both 24 — } and 24 
+ 3} hr. Reproducibility between labora- 
tories continued to be poor. The high- 
alkali cements gave the most trouble. 
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To date, ASTM Method C 265 has 
been revised five times since originally 
issued. It is presently designated C 265 - 
58 T and contains a sentence in its 
scope: “This method of test is intended 
for use primarily by manufacturers of 
portland cement and those interested in 
research on a suitable method for deter- 
mining whether calcium sulfate has or 
has not been used in an amount con- 
sidered to be optimum.” As its scope 
indicates, it is considered more suitable 
for research than for specification pur- 
poses. 

Before preparing this report, a ques- 
tionnaire was circulated to each cement 
manufacturer of ASTM Committee C-1 
asking the four following questions: 

1. Do you now use ASTM Method C 
265 to control SO; as near optimum as 
present cement specifications will permit? 

2. Have you ever used ASTM Method 
C 265 for control of optimum amount of 
SO; within specification limits? 

3. Do you consider ASTM Method C 
265 practical for control of optimum SO; 
content? 

4. Have you any suggestions that 
would make ASTM Method C 265 a 
more practical method of test? 


Seventy-nine per cent returned the 
questionnaire, indicating much interest 
in the problem of sulfate control. None 
returning the questionnaire said they 
now use ASTM Method C 265 for control 
in manufacture. Twenty-four per cent 
said they had tried the method for 
control, but only 10 per cent said they 
considered it practical for control of 
sulfate. No specific suggestions were 
received for making the method a more 
practical workable tool. 

Those responding to the questionnaire 
were generous in their comments about 
ASTM Method C 265. There seemed to 
be a general feeling that the poor re- 
producibility of the method and the 
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length of time required to perform the 
test prevents its use as a practical tool to 
control SO;; however, a number felt the 
method had considerable value in en- 
abling the manufacturer to discover the 
optimum sulfate level for his production — 
and work toward it within specification 
limits. 

The Working Committee on SO; Con- 
tent of ASTM Committee C-1 is endeav- _ 
oring by tests other than Method C 
265 to find means for determining opti- _ 
mum SO;, and at the suggestion of 
Bailey Tremper of the California Divi- 
sion of Highways, it investigated a — 
method based on early expansion, limited _ 
drying shrinkage, and 24-hr compressive — 
strength. These results are reported in 
the appendix to the Annual Report of | 
Committee C-1 for 1959. At the 1959 © 
Annual Meeting of ASTM, Tremper — 
(5) reported on Cooperative Studies of 
the expansion and contraction tests. 
These were conducted by the California — 
Division of Highways and 13 cement © 
mills in California. 

The working committee is currently | 
investigating the feasibility of using the __ 
24-hr strength of 2-in. mortar cubes for _ 
indicating optimum sulfate. A test of 
this type would be very attractive be- 
cause of its simplicity and short time | 
required for results. 


SUMMARY 


In summary, the work of William 
Lerch in 1946 on the effects of SO; on 
the properties of hardened cement pastes — 
and mortars indicated best strength and . 
minimum volume change when gypsum) 
was added to cement in optimum ~~ 
amount. The optimum amount appeared 
to be that which would provide SO, ions | 
for combination with C;A up to about 24 _ 
hr at room temperature. Chemical analy- _ 
sis of water extracts of sand-cement 
mortar for dissolved sulfate at 
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mately 24 hr appeared to be a practical 
means of determining when optimum 
SO; had been used. 

In 1946, ASTM Committee C-1 estab- 
lished a Working Committee on SO; 
Content. In 1951, ASTM Method C 
265 - 51 T was issued. Experience with 
the method has shown it to have poor 
reproducibility between laboratories. 
Many cement manufacturers use this 
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Mr. W. C. Hansen! (presented in 
written form)—Mr. Kennedy states 
“The product of the reaction between 
tricalcium aluminate and gypsum is a 
calcium sulfoaluminate which occupies 
greater volume than the sum of its com- 
ponents; however, if the reaction goes to 
completion within early ages—for ex- 
ample, 24 hr at normal temperatures— 
the paste is sufficiently plastic to ac- 
commodate the volume change without 
damage.” I believe that Mr. Kennedy 
could cite a number of references that 
would support this statement. However, 
I also believe that this statement is in- 
correct and I shall attempt to present 
data to support this belief. 

In 1952, I pointed out that the theory 


Consulting Chemist, Valparaiso, Ind. 
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method to establish the best sulfate 
level for their cements, then manufacture 
as near optimum as permitted by the 
specifications. ASTM Method C 265 is 
rarely used for day-to-day control. 
Other methods based on volume 
change or 24-hr strength of mortar may 
provide more practical means for deter- 
mining optimum sulfate and these are 
being investigated. 
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DISCUSSION 


which postulated that the cement min- 
erals dissolve congruently in water to 
form supersaturated solutions from 
which the reaction products crystallized 
appeared to be incorrect (1).2 This theory 
has been referred to as the “through solu- 
tion theory.” I suggested that the ce- 
ment minerals could react as solids with 
water and with materials dissolved in the 
water to be transformed directly into 
other solids. In 1955, Jeffrey (2) referred 
to this type of reaction as a solid state 
reaction and discussed a number of such 
reactions. Two years ago, I reviewed 
some of the work of other investigators 
who appeared to find the through solu- 
tion theory inadequate (3). Very re- 


2 The boldface numbers in parentheses refer 
to the list of references appended to this discus- 
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AND DENSITIES OF COMPOUNDS RE.- 
FERRED TO IN TABLE II. 


F la of Compound 
ormu 
Weight 
CaSO,:2H,0 172.1 
270.2 
228.0 
18.0 
560.2 
3CaO-2Si02-3H20........ 342.0 
3CaO- Al,O3-3CaSQ,- 
1236.5 
3CaO- Al,O;- CaSQ,- 
12H 622.3 


....... 


NNR 


TABLE II.—DATA FOR POSSIBLE 


cently, Powers (4) published data ob- 
tained by Steinour which showed that 
cement pastes dilate at ages of about 1} 
hr and interpreted this as evidence that 
the gel formed on the surfaces of the 
crystals was being pushed away from 
those surfaces. I propose here to examine 
the above statement by Mr. Kennedy in 
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TABLE I.—MOLECULAR, WEIGHTS 


terms of these two theories. 


Table I gives data for the molecular 
weights, densities, and volume per mo- 
lecular weight for compounds which will 
be referred to later. 
taken from sources that are believed to 
contain the most reliable data for the 
densities. Table II gives in Eqs 1, 2, 3, 
and 4, four reactions that are generally 
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These data were 


TRIcALCIUM ALUMINATE 
Eq + 2H,0 + 25H,O = 3CaO- -AlsO3- 3CaSO,: 31H,0 
Volume, cucm..... 222.3 450.0 714.7 + (46.4) 
Ratio, original vol- 
ume to expanded. . 1 8.0 
Volume, cucm..... 4.1 180.0 319.1 + (23.8) 
Ratio, original vol- 
ume to expanded. . 1 3.6 
3CaO- + + 12H,0 = 4CaO-Al,0;-13H,0 
Volume, cucm..... 88.8 216.0 269.2 + (68.8) 
Ratio, original vol- 
ume to expanded. 1 3.0 
3CaO-Al.0O; + 6H2O0 = 3CaO-Al,0;-6H20 
Volume, cucm..... 88.8 108.0 150.0 + (46.8) - 
Ratio, original vol- 
ume to expanded. 1 1.69 ye 
Tricatcium SILIcaTEe 
Volume, cu cm..... 108.0 125.3 99.6 + (27.7) denne 
Ratio, original vol- 
ume to expanded. . 1 1.55 new 
Dicatcium SILICATE 
2(2CaO-SiOz) + = 3CaO-2Si02- + Ca(OH): 
Volume, cucm..... 105.2 72.0 33.2 + (18.7) ART BY 
Ratio, original vol- ey 
ume to expanded. 1 1.51 PM 


Volume 
Den- 
sity | ular 
weight, 
cucm 
.32) 74.1 
04) 88.8 
72.3 
-27| 52.6 
-24| 33.2 
-00} 18.0 
269.2 
125.3 
1.73) 714.7 
1.95) 319.1 
378.2|2.52) 150.0 


accepted as reactions that may occur 
with tricalcium aluminate in cement 
pastes. It also gives in Eqs 5 and 6, the 
commonly accepted reactions for tri- and 
dicalcium silicates in cement pastes. The 
numbers immediately under the formula 
for the compound in these equations is 
the volume in cubic centimeters of the 
grams of the compound taking part, or 


1040 SIGNIFICANCE OF SELECTED ASTM Tests | 
— 


the reaction products shown in these 
equations, the volume of the paste 
should contract and not expand. It is, 
of course, well known that portland-ce- 
ment products expand for relatively long 
periods of time if stored under highly 
humid conditions. This expansion is not 
compatible with the through solution 
theory. 


"it qa? « 1 
a+ d 
S2 
3 
f 
le 
7 L, 


Fic. 1.—Suggested Arrangement of Particles in a Cement Paste. 


being formed, in the reaction except the 
small number in parentheses in the right- 
hand side of each reaction. This is the 
number of cubic centimeters by which 
the volumes of the reactants exceed the 
volumes of the reaction products. These 
calculations show that the reaction 
products in all cases occupy less volume 
than the sum of the volumes of the 
reactants. This means that if the react- 
ants dissolved in the liquid phase of the 
cement paste and then precipitated as 


The second line of numbers under the 
equation shows the ratio of the volume 
of the principal reactant to the volume 
of the solids produced by the reaction. 
For example, 1 volume of tricalcium 
aluminate produces 8.0 volumes of cal- 
cium sulfoaluminate by the reaction of 
Eq 1. On the other hand, Eq 5 shows 
that 1 volume of tricalcium silicate pro- 
duces only 1.55 volumes of tobermorite 
and Ca(OH). 

When I proposed this solid state reac- 


| 


we 
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tion theory, I pointed out that it would 
explain why portland-cement mortars 
and concretes continued to expand when 
stored under water. The theory has been 
opposed on the basis that reactions of 
that type would produce relatively enor- 
mous expansions during setting and 
hardening. One does not know in detail 
how the particles of cement are arranged 
with respect to each other in pastes. 
However, one can learn something by 
studying an idealized arrangement. On 
the assumption that the cement particles 
are cubes of one size and that the paste 
consists of 40 parts cement and 60 parts 
water by volume, the water can be 
visualized as being present in cubes 1.15 
times larger than the cubes of cement. 
That is the ratio of 40 to 60 is 1.0 to 1.5 
and the cube roots of 1.0 and 1.5 are 1.0 
and 1.15, respectively. Figure 1 is a sche- 
matic representation of a plane through 
sucha paste in which the S units are solids 
and the L units are liquid. The lines ad, 
cd, etc., are 1 unit long and the lines bc, 
ef, etc., are 0.15 units long. This figure 
shows each grain to be separated from 
the others by layers of water. In this 
particular paste, the average thickness 
of the layers of liquid at the points at 
which the particles are closest to each 
other is 0.15 units. If this figure is 
realistic, and there appears to be no 
reason to believe that it is not, then the 
particles of cement can expand to more 
than double their original volume with- 
out interference from a neighboring 
particle except at certain points of 
closest approach. This is, when the edge 
ab of the cube S2 expands, it will tend to 
expand into the space represented by the 
line bc, and the edge cd of the cube Sp 
will also tend to expand into this space. 

It is seen from Eq 5, that a crystal of 
tricalcium silicate when fully hydrated 
to tobermorite and calcium hydroxide 
expands 55 per cent, or 1 volume ex- 
pands to a volume of 1.55. The cube root 


of 1.55 is 1.16. Suppose the cubes Sp and 
S2 of Fig. 1 are tricalcium silicate. When 
they hydrate, the edges cd and ab would 
tend to expand equally in both direc- 


tions. They would each tend to expand © 


0.08 units into the space represented by 


the line bc. Hence, the two cubes are — 


tending to expand 0.16 units into a space 
of 0.15 units. Each cube had an original 
length of 1 unit, and each has now ex- 
panded to a length of 1.16 units. The 
length available for the expansion of 
each cube is the original 1.00 unit of the 
solid plus the 0.15 units of water-filled 
1.16 —1.15 
1.15 
From this it appears that the tricalcium 
silicate could produce less than 1.0 per 
cent expansion in this paste, if it were 
transformed directly to tobermorite and 
calcium hydroxide by the reaction of 
Eq 5. Dicalcium silicate would produce 
less expansion. This degree of interfer- 


space, and 


ence and expansion would occur only at | 


certain points where the grains ap- 
proached each other rather closely and 


when the crystals were completely hy- 5 


drated. 

When tricalcium aluminate chemi- 
sorbs calcium sulfate and water to form 
the calcium sulfoaluminates or the hy- 
drated tetracalcium aluminate, the crys- 
tals expand several hundred per cent. 


Since the crystals of tricalcium alumi- © 
nate should be uniformly distributed — 
among the other crystals, there should 


be water-filled space surrounding each 
crystal sufficient to accommodate most 


of the expansion except at the points © 
where they are close to other crystals. | 
As the space represented by the lines 


bc, ef, etc., in Fig. 1 becomes filled with 
reaction products, the paste becomes 


rigid. According to the data presented © 


by Powers, some pastes develop suffi- 
cient rigidity within the first two hours 
to show dilation from these reactions of 
hydration. It seems very likely that 


xX 100 = 0.87. 


| 


most of the expansior that occurs during 
the early periods is produced by the 
reactions of tricalcium aluminate with 
either calcium sulfate or calcium hy- 
droxide, or with both. 

Returning now to the statement by 
Mr. Kennedy, it appears that that state- 
ment is incorrect with respect to the 
sulfoaluminates occupying more volume 
than the sum of the volumes of the react- 
ants when water is considered as a react- 
ant. Also it appears that the formation 
of sulfoaluminate in the paste causes 
some expansion during the first 24 hr. 
However, experience seems to show that 
any expansion that does occur in the 
first 24 hr is’ beneficial with respect to 
strength and drying shrinkage. 

Lerch (5) showed that as the calcium 
sulfate content of a cement was increased 
to some optimum amount, the strengths 
increased, and the drying slirinkage de- 
creased. 

It is seen from the above calculations 
that when the water content of the paste 
is not changed, the effect of added sul- 
fate should be to fill more of the original 
water-filled space. One would expect this 
to result in increased strengths and de- 
creased drying shrinkage. However, if 
the added gysum was sufficient to dis- 
rupt the mass as the cement minerals 
were hydrating, the effect might be to 
produce unfilled space in the form of 
minute cracks that would weaken 
strength and increase drying shrinkage. 

If hydrated tricalcium aluminate, as 
represented by Eq 4, as well as anhy- 
drous tricalcium aluminate can chemi- 
sorb calcium sulfate and water to be 
directly converted into calcium sulfo- 
aluminate, one can understand why 
products produced from cements of rela- 
tively high tricalcium aluminate con- 
tents expand when exposed to sulfate 
solutions. On the other hand, one would 
not expect expansions if the aluminates 
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dissolved in the sulfate solution and then 
crystallized as the sulfoaluminate. 

The aluminoferrites appear to form 
sulfoaluminates during the hydration of 
the cement because cements that theo- 
retically contain no tricalcium aluminate 
combine with calcium sulfate in pastes 
as they set and harden. However, the 
aluminoferrites do not appear to cause 
expansion in sulfate solutions. Since 
these compounds are dibasic compounds, 
they may not be able to chemisorb cal- 
cium sulfate and water for a direct 
transformation to a solid sulfoalumino- 
ferrite. In an excess of water these com- 
pounds appear to react with calcium 
sulfate to give a calcium aluminosulfate 
and hydrated ferricoxide. This probably 
is a through solution reaction and it may 
be that in cement pastes that are par- 
tially hydrated the water content is too 
low to cause this reaction to proceed at 
an appreciable rate. This seems to be 
one of the unsolved problems in the 
chemistry of the hydration of cement. 

Mr. Tuomas B. KENNEDy (author).— 
The expansion, cracking, and general 
disintegration occurring as the result of 
reaction between tricalcium aluminate 
and calcium sulfate or between trical- 
cium aluminate and the sulfate ion from 
a different source in the presence of cal- 
cium hydroxide has led many of us to 
the apparently erroneous conclusion that 
the volume of the reaction products is 
greater than the sum of the volume of 
its components. We are accustomed to 
thinking in the terms of through solu- 
tion reactions. 

I am greatly indebted to Mr. Hansen 
for his lucid discussion of the reactions 
and his explanation of the solid state 
mechanism that causes expansion. 

Mr. Hansen’s explanation of why the 
addition of the correct amount of cal- 
cium sulfate to cement has a beneficial 
effect on strength and drying shrinkage 
isalso most appropriate. 
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By Lercu! 


It has been recognized for many 
years that certain characteristics of 
cements play an important part in the 
sulfate resistance of concrete. The areas 
of so-called “alkali-soils” are sufficiently 
widespread to justify consideration of 
sulfate resistance in the specifications 
for portland cement. This problem has 
been studied by many investigators 
during the past 60 years (1)?. About 
1935 the ASTM Committee C-1 on 
Cement appointed a working com- 
mittee to study the problem. In 1940, 
Advisory Committee for the Long-Time 
Study of Cement Performance in Con- 
crete considered the problem of suffi- 
cient importance to include, in that 
study, a project in which concretes 
made from different cements were ex- 
posed to alkali soil water under field 
conditions (2). 


* Presented at the Sixty-fourth Annual 
Meeting of the Society, June 25-30, 1961. 

1 Chairman of the Working Committee on 
Sulfate Resistance of ASTM Committee C-1 
on Cement. Consultant, Portland Cement Assn., 
Skokie, Ill. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


CHEMICAL LIMITATIONS 


Chemical limitations provide a basis 
for specifying portland cements that 
will provide good quality concrete with 
excellent sulfate resistance. It is gen- 
erally recognized that the C;A content 
of the cement has a significant effect on 
sulfate resistance, but it is recognized 
also that there are some factors other 
than C;A that influence the sulfate 
resistance. For example, it was con- 
cluded from the Long-Time Study of 
Cement Performance in Concrete (2) 
that: 


While no quantitative relationship be- 
tween the resistance of the concrete to sul- 
fate attack and C;A content of the cement 
was exhibited in these tests, the relationship 
was such that the percentage of C;A pro- 
vides a fairly good criterion of sulfate resist- 
ance. The fact that there are several strik- 
ing exceptions to the relation between sulfate 
resistance and the C;A content indicates 
that there is some unrecognized factor in 
the cement composition, or in the manu- 


facture of the cements, which affects the | 


sulfate resistance. 


The problem of sulfate resistance is 
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recognized in the ASTM Standard 
Specifications for Portland Cement 
(C 150)’ and the Standard Specifications 
for Air-Entraining Portland Cement 
(C 175)*. In these specifications, the 
sulfate-resistant cements are defined in 
terms of chemical limitations. Type II 
and IIA cements are recommended for 
use in general construction exposed to 
moderate sulfate action and type V 
cement for use when high sulfate resist- 
ance is required. The chemical limita- 
tions in the current specifications appear 
to be adequate for the selection of 
portland cements that will produce 
concrete having a high resistance to 
sulfate waters. Good quality concretes 
made with types IT, ITA, and V cements 
have given excellent performance under 
adverse conditions of alkaline sulfate 
exposure. However, such chemical limita- 
tions are not equally applicable in 
specifications for portland blast-furnace 
slag cements or portland-pozzolan ce- 
ments. It would be desirable to have a 
performance test that would be suitable 
for all types of cement. 


PERFORMANCE TESTS 


The Working Committee on Sulfate 
Resistance has pursued the development 
of a performance test for the past 20 
years. The earlier studies were directed 
to measuring the expansion of lean 
mortar bars immersed in sulfate solutions 
and the evaluation of a sulfate suscepti- 
bility test. The results of these studies 
have been published in two reports 
(3, 4). Each of these methods of test did 
have considerable merit. However, the 
degree of reproducibility of results 
obtained by different laboratories was 
not considered by Committee C-1 to be 
sufficiently satisfactory to justify the 
recommendation that either method 
should be adopted as an ASTM method 
of test for sulfate resistance. 


1958 Book of ASTM Standards, Part 4. 
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In 1956 the Working Committee on 
Sulfate Resistance reported (5) on 
studies of a new procedure for deter- 
mining the potential sulfate resistance 
of portland cements. The method of 
test consists of measuring the expansion 
of 1:2.75 graded Ottawa sand mortar 
prisms containing excess calcium sulfate 
(gypsum) equivalent to a total SO; 
content of 7.0 per cent by weight of the 
original cement plus added gypsum. 
The mortar prisms were cured in the 
molds one day and then stored in water 
at 23 + 1.7 C (73.4 + 3 F). The per- 
centage expansion of the mortar prisms 
was calculated and recorded as the 
per cent change in length on the basis of 
the length at one day. 

A cooperative series of tests was 
conducted to determine the reproduci- 
bility of this method. Thirteen labora- 
tories participated in the testing of 17 
cements. The data reported from these 
tests (5) led to the adoption of the test 
as an ASTM Tentative Method of Test 
for Potential Sulfate Resistance of 
Portland Cement (C 452 — 60 T).4 


RELATIONSHIP BETWEEN EXPANSION 
OF MorTAR SPECIMENS AND 
FIELD PERFORMANCE 
OF CONCRETES 


The concretes exposed to sulfate 
soils at Sacramento, Calif., as part of 
the Long-Time Study of Cement Per- 
formance in Concrete (2) provided an 
excellent opportunity to study the 
relationship between the expansion of 
mortar specimens with excess gypsum 
and the field performance of concretes. 
Twenty-seven cements were used in 
concretes exposed to sulfate soils in 
1942. The cements comprised one or 
more of each of the five types of portland 
cements and six air-entraining cements. 
The complete chemical analyses of these 
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TABLE I.—C;A CONTENT OF CEMENT, EXPANSION OF MORTAR PRISMS, AND 
SULFATE RESISTANCE RATING OF CONCRETES. 


7 Cement Rating of Concrete Beams® 
: Expansion of i i 
P ™ M omy 4 Basin I Basin II 
he CsA Con- | at 28 Days, 
No. tent, per per cent Cement Content, sack per cu yd | Cement Content, sack per cu yd 
cent 
i 4.0 | 5.5 | 7.0 | Avg | 4.0 | 5.5 | 7.0 | Avg 
| PoRTLAND CEMENTS 
en 4.4 0.030 5.1 2.7 1.3 3.0 3.7 2.5 1.7 2.6 
Oss ascsckn cess 2.2 0.033 4.2 2.1 1.3 2.5 3.5 2.0 1.5 2.3 
2.1 0.038 4.7 3.0 1.2 3.0 3.0 2.1 1.6 2.2 
0.040 3.8 2.5 1.4 2.6 3.6 2.3 1.6 2.5 
WS wankers ocd 3.4 0.042 4.2 2.8 1.4 2.8 3.7 2.4 1.6 2.6 
Ee iin vena 5.2 0.043 5.2 3.0 2.7 3.6 3.0 2.6 2.5 2.7 
3.9 0.049 4.19 2.3 3.64. 2.3] 1.6] 2.5 
SS aac statcooreck 3.8 0.052 5.2 3.1 1.2 3.2 3.8 2.5 1.5 2.6 
: mea 5.1 0.052 4.8 2.9 1.4 3.0 4.0 2.3 1.8 2.7 
7.1 0.054 5.4 3.7 2.2 3.8 4.6 3.6 2.0 3.4 
ear 8.9 0.060 5.4 4.6 2.0 4.0 4.8 3.7 2.2 3.6 
H cia ene wes 6.4 0.062 5.2 3.9 3.1 4.1 3.9 3.2 3.7 3.3 
_ ree ae 5.4 0.066 5.3 4.4 1.6 3.8 4.6 3.3 2.1 3.3 
"SMart 4.8 0.068 4.1 2.7 1.3 2.7 3.2 2.3 1.6 2.4 
Wowsvasss reues 9.1 0.072 5.4 4.2 3.2 4.3 4.6 3.7 3.0 3.8 
9.6 0.092 5.7 3.6 3.3 4.2 4.8 3.7 3.3 4.1 
9.2 0.093 5.9 4.0 3.1 4.3 4.9 3.4 3.2 3.8 
10.9 0.102 5.8 4.7 4.2 5.4 4.7 3.1 4.4 
i Se 9.9 0.117 5.9 4.7 3.4 4.3 5.4 4.7 2.7 4.3 
Bsa awe nate 11.2 0.135 5.6 4.9 3.5 4.7 5.3 4.7 3.1 4.4 
| aa mee 12.2 0.224 5.8 4.9 4.1 4.9 5.5 5.1 4.0 4.9 
| Arr-ENTRAINING PORTLAND CEMENT 
5.4 0.065 SH) 1.41 2.21 3.21 861 1:81 1.6) 
16T.. . 6.8 | 0.065 | 3.9] 1.3| 1.3} 2.2| 3.1} 2.1] 1.5| 2.2 
| 33T. . 9.3 0.116 4.9 3.2 2.0 3.4 4.1 2.8 2.2 3.0 
iie.. 11.0 0.123 5.1 4.2 1.6 3.6 4.6 3.7 2.6 3.6 
11.1 0.166 5.4 4.4 3.4 4.4 5.2 4.7 3.5 4.5 
12.2 0.225 §.2| 4.5| 3.9| 5.4] 4.9| 4.7 


* Numerical ratings range from 1 for unaffected specimens to 6 for those completely deteriorated. 


cements have been shown in a previous 
report (5). 
Three concrete mixes were used for 
each of the 27 cements. These mixes 
were designed to have the following 
cement contents and consistencies within 
the practical limits of control: mix 1 
had 4 sacks of cement per cu yd with a 
14-in. slump; mix 2 had 5.5 sacks of 


Sr. 


cement per cu yd with a 1}-in. slump; 
and mix 3 had 7 sacks of cement per 
cubic yard with a 1}-in. slump. An 
equal number of specimens from each 
mix were placed in each of two different 
basins containing natural and prepared | 
sulfate soils. For basin I, natural soil — 
from Willows, Calif., which is high in 
sodium sulfate and low in magnesium 
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Fic. 1.—Expansion of Mortar Prisms Versus Sulfate Resistance of Concretesin Order of Ascending 


Expansion of the Mortar Bars 
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sulfate was used. For basin II, a soil of 
higher magnesium sulfate content was 
used. 

The specimens were rated on the 
basis of visible evidence of disintegration. 
By this procedure, numerical ratings 
were assigned ranging from one for 
unaffected specimens to six for those 
completely deteriorated. The specimens 
were inspected and rated three times a 
year for the first two years and once a 
year thereafter. A numerical value for 
sulfate resistance of concrete made with 
any one cement was obtained by using 
the average cumulative value of the 
ratings of specimens made with the 
cement. The ratings reported at each 
inspection for one concrete mix in one 
basin, were added and the sum divided 
by the number of ratings which provided 
a rating for the cement in that particular 
mix for that basin. The average of the 
ratings for the three different mixes 
provided a grand average numerical 
value for the sulfate resistance of the 
cement in that basin. 

The 27 cements used in the field 
exposure tests of concretes exposed to 
sulfate soils were tested in mortar 
prisms with excess gypsum by the 
method described in ASTM Method C 
452 —- 60 T.* Table I shows the expansion 
of the mortar bar specimens at the age 
of 28 days, the sulfate resistance of the 
concretes, and the C;A content of the 
cements. In this table, the cements are 
arranged in the order of ascending 
expansion of the mortar prisms. Many 
of the lean-mix concretes, 4.0 and 5.5 
sacks per cu yd, disintegrated rapidly in 
basin I. For that reason, the ratings for 
those two mixes in basin I are for 6 yr 
exposure in order to provide better 
discrimination between the different 
cements. The remaining ratings shown 
in Table I are the cumulative ratings of 
the concretes after 18 yr exposure to 


The data in Table I show that as the — 
expansions of the mortar prisms increase, 
the sulfate resistance of the concretes 
decreases. Figure 1 provides a further 
comparison of the relationship between 
the expansion of the mortar prisms and 
the sulfate resistance of the concretes. 
The cements are arranged in the order of 
ascending expansion of the mortar 
prisms at 28 days as shown in the lower 
diagram. The two middle diagrams show 
the sulfate resistance rating of concrete — 
specimens exposed to different soils, 
basins I and II, respectively. The top 
diagram shows the combined rating of : 
the concretes, that is, the average for — 
basins I and II. These diagrams show a 
relatively good relationship between the 
28-day expansion of the mortar prisms | ; 
and the sulfate resistance of the con- 
cretes. It will be noted that the original - 
LTS series included only one type V- 
cement. In 1949, thirteen additional 
cements were used in the preparation of _ 
concrete specimens for exposure to 
sulfate soils. The cements were of types 
II, IV, and V and they were used in 
concrete mixtures containing 5.5 and 
7.0 sacks of cement per cu yd. In 1958, 
three portland blast-furnace slag ce- 
ments and portland cements made from 
the same clinker were used in the 
preparation of concrete specimens for 
exposure to sulfate soils. All of these 
cements have been tested in mortar 
prisms with excess gypsum as described | 
in ASTM Method C 452 - 60 T. How- 
ever, the concretes made with these 
cements have shown very little deteriora- 


tion to date, so their sulfate resistance’ 
cannot be related to the laboratory 
test at this time. That will be done at a 
later date. 


There are no data available at this 
time to show the relationship between — 
the expansion of mortar prisms con- 
taining excess gypsum and the = : 


sulfate soils. resistance of concretes when = 


| 
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portland blast-furnace slag cements or 
portland-pozzolan cement. Mather (6) 
has reported that the expansion of 
mortar prisms made with portland 
blast-furnace slag cements with excess 
gypsum was approximately the same as 
that of similar specimens made with 
portland cements having the same C;A 
content as the clinker component in the 
portland blast-furnace slag cement. 
However, when portland cements and 
blends of portland cement with pul- 
verized blast-furnace slag were used in 
the preparation of lean-mortar bars for 
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the expansion of lean-mortar prisms 
immersed in a 5 per cent sodium sulfate 
solution as described in Appendix A of 
the Report of Committee C-1 on Cement 
(8). The results of their tests are shown 
in Table II. The expansions at 28 days 
of the mortar prisms with excess gypsum 
are essentially the same for the portland 
cements and the portland blast-furnace 
slag cements made from the same 
clinker. However, for the lean-mortar 
bars immersed in the sodium sulfate 
solution, the portland blast-furnace slag 
cements show a significantly higher 


TABLE II.—SULFATE RESISTANCE OF TYPE I PORTLAND CEMENT AND TYPE 
IS PORTLAND BLAST-FURNACE SLAG CEMENT. 


Cement 


Mortar Prisms with Excess Gypsum, 
ASTM C 


Lean-Mortar Prisms Immersed in 5 per cent 


C3A Con- 452-60 T Na2SOx solution 
tent of 
Portland 
Cement Expansion, per cent Expansion, per cent 
Lot No. |T or Clinker, 
0. |4YPE) per cent 
7 days| 28 days| 3 mo 6 mo | tyr 2mo 3 mo 4 mo 5 mo 
19462...| I 11.6 |0.064| 0.141/0.332\0.854/0.894/0.025) 0.055 | 0.163 (at 11 weeks) 
19461...) IS 11.6 (0.076) 0.023 | 0.026 0.029 0.030 
19465...) I 12.8 |0.064| (Badly warped after 1 mo) 
19464...) IS 12.8 |0.065) 0.212 (Disc. at 2 mo) 
19468...) I 9.1 |0.041/ 0.030 | 0.056 0.120 Disc. 
19469...) IS 9.1 |0.043 ©. 0.022 | 0.027 0.034 0.042 


immersion in a 5 per cent solution of 
sodium sulfate, the bars, made with 
the blends had much better sulfate 
resistance than those made with the 
portland cements. It was suggested that 
the test using excess gypsum does not 
allow the slag constituent of portland 
blast-furnace slag cements to manifest 
its effect in promoting sulfate resistance. 

Klieger and Isberner (7) have made 
laboratory tests for sulfate resistance of 
type I portland cements and type IS 
portland blast-furnace slag cements 
made from the same clinker. They 
measured the expansion of mortar 
prisms with excess gypsum as described 


in ASTM Method C 452 - 60 T, and 


sulfate resistance than do the comparable 
portland cements made from the same 
clinker. 

The data now available seem to 
indicate that the mortar prism test with 
excess gypsum, ASTM Method C 
452-60 T, is not an adequate per- 
formance test for portland blast-furnace 
slag cements. Additional tests now 
under way, including concretes exposed 
to sulfate soils, will provide further 
information on this subject. 


CONCLUSION 


Progress has been made in the develop- 
ment of a performance test for sulfate 


resistance. The ASTM _ Tentative 


Method of Test for Potential Sulfate 
Resistance of Portland Cement (C 
452 — 60 T) appears to be an acceptable 
performance test for the sulfate resist- 
ance of portland cements. Data now 
available seem to indicate that the test 
is not suitable for use with portland 
blast-furnace slag cements. Additional 
tests now under way will provide further 
information on that subject. 
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Mr. T. THorvatpson! (presented in 
written form)—ASTM Committee C-1 
on Cement is to be commended for its 
continuing efforts to develop a simple 
test for cement, suitable for predicting 
the performance of concretes exposed to 
sulfate water under field conditions. It is 
good news that ASTM Method C 452 - 
60 T “appears to be an acceptable per- 


1 University of Saskatchewan, Saskatoon, 
Saskatchewan, Canada. 
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formance test for the sulfate resistance :. 
of portland cements.” 
Methods involving the expansion of 


lean mortars in sulfate solutions, in ad- ae 
dition to presenting problems of repro- = 


ducibility, fail due to the fact that they 

exclude protective factors which come = 
into prominent action only in mass con- 
crete of fairly high cement content. Thus 
while the relative rates of expansion of 


the relative chemical reactivity of the ce- 
ments, they would not indicate the rela- 
tive resistance to sulfate action of con- 
cretes of high cement content unless 
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composition of the cement changes mae 
terially, or if the physical properties of 
the concrete are altered, for example, 
through addition of “active” additives. 
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Per Cent of C3A, (calculated by W. Lerch) 


gad Fic. 2.—Sulfate Resistance of Concrete Versus Calculated C;A Content of Cement. 


these protective factors, in the case of 
the cements compared, were to develop 
at the same constant rate as the cement 
content is increased. Such coincidence 
does not appear to be likely if chemical 


Bia 


This seems to militate against developing 
a single simple test for all types of con- 
crete. 

Mr. Lerch has attempted to present 
the experimental data in Fig. 1 in a 
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completely objective manner using the 
expansions obtained under ASTM 
Method C 452-60 T only for the pur- 
pose of arranging the cements in ascend- 
ing order of expansion at 28 days. The 
ratings of the concretes obtained at Sac- 
ramento are then plotted against a “uni- 
tary” scale of individual cements, irre- 
spective of the increases in expansion of 
the mortar from cement to cement. The 
picture would be somewhat changed if 
the numerical ratings of each concrete 
were plotted against the expansion of 
the mortar obtained for each cement. 

The writer has plotted the Sacramento 
ratings for concretes against the C;A con- 
tent of the cements as given in the report 
(see the accompanying Fig. 2). The rat- 
ing points, allowing for the change in the 
scale, are on the whole closer to the av- 
erage straight line than in Fig. 1 of the 
paper, and the largest variations have 
disappeared or been reduced. 

There are many reasons, theoretical 
and practical, why the ratings versus 
calculated C;A plot might be expected 
to give erratic results. In making the cal- 
culation of per cent C;A, it is assumed 


FLEXURAL STRENGTH OF HYDRAULIC cunent MORTARS* 


7 By Myron A. Swayze! 


The testing of mortar prisms for 
flexural strength is supposed to have 
originated in France in 1904, according 
to information from Swedish authorities, 
one of whom used the method in Zurich, 
Switzerland, in 1906, “to prove that 
bending strengths were twice the tensile 
strength of briquets.” After these original 


* Presented at the Sixty-fourth Annual 
Meeting of the Society, June 25-30, 1961. 

1Cement Consultant, Essex House, Garth 
Road, Scarsdale, N. Y. 


lowing suit at about the same time. A 
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that the Fe,O; is present as C,AF and 
that all the excess Al,O; is present as a 
C;A phase. But the “iron” phase may 
contain AlsO; as CsA2F in solid solution. 
The amount of the iron phase and the 
amount of “glass” it contains is known 
to modify the sulfate resistance of the 
concrete materially. According to the 
data given in reference (2) of the paper, 
the calculated C,AF in the 21 cements 
varies from 6.5 to 16.6 per cent and bears 
no relation to the calculated per cent of 
C3;A present, thus imposing a variable 
factor for each concrete. Similarly other 
factors affecting sulfate resistance may 
be introduced by the minor oxide com- 
ponents of the cement and by variations 
in the specific surface. 

The result obtained by plotting the 
ratings for the sulfate resistance of the 
concretes exposed in the Sacramento 
“basins” against the very hypothetical _ 
calculation of C3A in the cements is, _ 
therefore, quite striking and supports the 
idea of the overwhelming importance of 
the Al,O; and Fe.O; content of a port- 
land cement on the resistance to sulfate 
action of a well-made concrete. 


tests the method lay dormant for a con- 
siderable number of years. The Swiss 
adopted the method in their standard 
specifications in 1933. A similar method 
was used in Germany to test cements for 
use in their Autobahnen beginning in 
1934. The test was made part of the 
German specifications for all cements in 
1939, and was in general use by 1942. 
Sweden adopted the method in their — 
specifications in 1943, with Finland fol-— 


_ | 
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number of other European countries are 
now seriously considering the method. 

ASTM Tentative Methods C 348 
and C 349° on the flexural and compres- 
sive strengths of 2 by 2 by 12-in. prisms 
were issued in 1954. Since each of these 
large prisms required a full batch of 
C 10% mortar, the tests had little chance 
of growing in favor. The C-1 Working 
Committee on Strength revised these 
methods in 1957, to reduce specimen 
size to the 40 by 40 by 160-mm prism 
now in use in Europe. This change per- 
mits molding of three specimens from 
each standard batch of C 109 mortar. 
Span lengths for breaking prisms in 
flexure and bearing area for modified 
cube compression tests were revised 
slightly from European dimensions to 
convert breaking loads into pounds per 
square inch by use of simple conversion 
factors. 

In the Lone Star Cement Research 
Laboratory at Hudson N. Y. experience 
with molding these 40-mm prisms over 
the past seven years and with breaking 
them in flexure and as modified cubes 
for compressive strength, has shown a 
high degree of uniformity among speci- 
mens as cast from the same cements and 
broken at the same ages, as compared 
with similar tests on briquets. Coeffi- 
cients of variation among 9 specimens 
for each cement in a large group of type 
I, II, III, IA, and IIA cements have 
averaged as follows: 


Coefficient of 
Type of Test Variation 
4.41 
2.35 
Prisms, compression. ........... 2.39 


2 ASTM Method of Test for Flexural Strength 
of Hydraulic Cement Mortars (Tentative) 
(C 348 — 57 T), 1958 Book of ASTM Standards, 
Part 4. 

3ASTM Method of Test for Compressive 
Strength of Hydraulic Cement Mortars (Using 
Portions of Prisms Broken in Flexure) (Tenta- 
tive) (C 349-59 T), 1959 Supplement to Book 
of ASTM Standards, Part 4. 
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During the period 1957-1960, the 
Lone Star Cement Research Laboratory 
ran a comprehensive series of tests on 56 
cements of all types except IV and V. 
Included in these tests were concrete 
tests in flexure and compression with 
cement contents of 3.6, 4.5, 6.0, 7.5, 
and 9.0 sacks per cu. yd., with water 
additions to yield 2-in. and 6-in. slumps. 
Standard briquets, 2-in. cubes, and 40- 
mm prisms were also made on each 
cement. Three rounds of tests were made 


TABLE I.—RATIO OF COMPRESSIVE 
TO FLEXURAL STRENGTHS IN CON- 
CRETE AND IN STANDARD MORTAR 
PRISMS. 


Types 
Test Age I and 


nix 


Ratio or ConcreTE COMPRESSIVE STRENGTH 
to ConcrRETE FLEXURAL STRENGTH 


TA and 
IIA 


3.75 | 3.77 | 4.92 | 5.23 
| Sere 4.89 | 4.77 | 5.92 | 5.82 
ae 5.44 | 5.42 | 6.20 | 6.20 
6.23 | 6.20 | 6.85 | 6.62 


Ratio oF Prism CoMPRESSIVE STRENGTH TO 
Prism FLeExuRAL STRENGTH 


eee 3.94 | 3.62 | 4.73 | 3.86 
eee 4.38 p 4.22 | 5.77 | 4.97 
i Se 5.09 | 4.79 | 6.04 | 5.65 
oo ere 5.74 | 5.30 | 6.52 | 5.98 


for each type of test specimens and test 
age. The concrete tests were made on 
6 by 6 by 30-in. beams and 6 by 12-in. 
cylinders. All concrete mixes were made 
with non-reactive siliceous sand and 
gravel graded from 0 to 1} in. All non- 
air-entraining batches were designed 
to have a total fineness modulus of 4.85, 
with cement volume included with an 
assigned fineness modulus of 0.00. Air 
entraining concrete batches were de- 


4ASTM Method of Test for Compressive 
Strength of Hydraulic Cement Mortars (Using 
2 in. Cube Specimens) (C 109-58 T), 1958 
Book of ASTM Standards, Part 4. 


| 

| 


signed to have a total fineness modulus 
of 5.00. 

For purposes of this report, concrete 
flexural and compressive strengths for 
cement contents of 4.5, 6.0, and 7.5 
sacks per cu yd and slumps of 2 and 6 in. 
were averaged for each cement, yielding 
individual values for each test age on an 
average of 18 specimens for each cement. 
Single values on mortars for each cement 
and test age were averages of 9 specimens 
of briquets, 2-in cubes, and prisms in 
flexure and of 18 tests on prisms broken 
as modified cubes. Table V of this report 
shows grand averages for all tests on all 
cements in the same strength range 
group. 

From the data in this table, a con- 
siderable number of comparisons of 
different kinds of strength tests are 
available. Less importance should be 
attached to the data on type IIIA ce- 
ments than to the data on other groups, 
since only four of these cements were 
tested. 

It has long been recognized that the 
ratio of flexural and compressive 
strengths of concrete is not a constant 
for any particular age of test but varies 
with different types of coarse aggregate. 
Rounded gravels yield lower modulus of 
rupture strengths for a given compressive 
strength than do crushed materials. 
Methods of testing in flexure also yield 
different values, third-point loading 
giving lower strengths than center-point 
loading. In the present tests, both mortar 
prisms and concrete beams were broken 
by center-point loading. 

Likewise, the relative proportions of 
flexural and compressive strengths will 
vary with degree of hydration of cement 
in the specimens. Since for any type of 
mix, compressive strengths develop 
faster than flexural strengths, we should 
find an increasing ratio between the two 
types of test with age. Type III and 
IIIA cements hydrate materially faster 
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than Type I or II cements or their air- 
entraining counterparts, and we should, 
therefore, expect to find their compres- 
sive - flexural strength relations farther 
advanced at a given age than for cements 
of normal fineness and composition. 
Finally, the quantity of entrained air in 
parallel specimens must have an influence 
on compressive - flexural strength rela- 
tions. The effect of air entrainment on 
this relation is much greater in standard 
mortar specimens than in concrete due to 


TABLE II.—RATIO OF FLEXURAL 
STRENGTH TO FLEXURAL STRENGTH 
OF PRISMS AND TENSILE STRENGTH OF 
BRIQUETS. 


Types | 7, T 
Test Age Teed TA sad 


Ratio oF Concrete FLexuraAL STRENGTH TO 
FLexuraAL STRENGTH OF Prisms 


1.17 | 1.27 | 0.85 | 0.78 
SaaS 0.96 | 1.04 | 0.78 | 0.80 
(flee eee 0.85 | 0.89 | 0.73 | 0.77 
28 days: ..i..... 0.79 | 0.80 | 0.73 | 0.78 


Ratio oF ConcrETE FLEXURAL STRENGTH TO 
TenstLeE STRENGTH BrRIQUETS 


LL. are 1.95 | 2.16 | 1.65 | 1.44 
1.71 | 1.76 | 1.54 | 1.49 
fOr ee 1.57 | 1.61 | 1.50 | 1.50 
ee 1.65 | 1.57 | 1.53 | 1.50 


the much greater quantities of air in 
mortars. 

Table I shows relations of compressive 
strength to flexural strengths in concrete | 
and in standard mortar prisms at the 
various test ages. 

It can be seen from these data that the _ 
hydration of type III and IIIA cements 
in concrete at 1 day is about equal to 
that of normal cements at 3 days, while 
their 7-day values approximate 28-day 
ratios for normal cements closely. About 
the same ratios hold for the strength — 
relations in mortar prisms, although here 
the values are more affected by the large 


| 
| 
| 
L 


increases in air as we go from normal to 
air-entraining varieties of the cements. 
For predicting the flexural strengths 
of nonair-entraining concrete made with 
the particular coarse aggregates used in 
our tests, there appears to be little 
choice between the flexural strength of 
mortar prisms and the tensile strength 
of the old-fashioned briquet. The notable 
difference in the two types of strength 
relations shown in Table II is that the 
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mortars should have less internal stress 
at time of rupture and thus yield rela- 
tively higher strengths. 

On the other hand, the mortar prisms 
developed no such internal stresses dur- 
ing loading. The gradually descending 
ratios of concrete flexural strength to 
prism strength with age can all be at- 
tributed to the lower water-cement 
ratios used in the mortars from which 


TABLE III.—RATIO OF COMPRESSIVE STRENGTH TO TENSILE STRENGTH OF 
BRIQUETS AND FLEXURAL AND COMPRESSIVE STRENGTHS OF PRISMS. 


Age | 


Types I and II Types IA and IIA 


Type III Type IIA 


Ratio or Concrete CoMPRESSIVE STRENGTH TO Briquet TENSILE STRENGTH 


7.32 8.14 8.09 7.54 
8.35 8.42 9.12 8.67 
10.28 9.73 10.48 9.93 
Ratio or ConcRETE CoMpRESSIVE STRENGTH TO Prism FLEXURAL STRENGTH 

4.71 4.98 4.62 4.64 1 
4.64 4.80 4.51 4.78 


Ratio oF ConcRETE COMPRESSIVE STRENGTH TO Prism COMPRESSIVE STRENGTH 


1.11 1.33 0.89 
0.91 1.01 0.75 0.85 
Water-Cement Ratios...... 6.10 to 5.43 5.61 to 5.09 6.12 to 5.38 5.78 to 5.16 


concrete briquet strength ratios turned 
upward after the age of 7 days, due to 
brittleness and high internal stresses in 
the briquet as breaks occur in older 
specimens. 

While briquets were also made for all 
air-entraining cements in our study, the 
water content of these mixes as called 
for by normal consistency tests produced 
a very sloppy mortar which could not be 
molded by standard methods. This prob- 
ably accounts for the improvement in 
28-day briquet behavior, since the wetter 


prisms were molded, in comparison with 
that of the concrete. 

The almost complete agreement be- 
tween ability of the prism flexural test 
and the briquet to predict the flexural 
strength of concrete made with type III 
cement of various test ages should be of 
much interest to the advocates of the 
briquet as a primary method of test. 
Their expressed fears that the transition 
from the briquet to flexural testing of 
prisms would remove means of detecting 
low 24-hr. flexural strengths in high- 
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early-strength concrete are shown to be 
completely unfounded by the present 
data. While the ratios of the two tests 
to concrete flexural strengths are neces- 
sarily different, the decline of these ratios 
with age of specimens are almost ex- 
actly in the same proportions. The up- 
turn of the concrete-briquet ratio at 28 
days again is due to high internal stresses 
in type III cement briquets at this age, 
which causes subnormal strengths. The 
flexure test in prisms does not have this 
fault. 

While the title of this paper theoreti- 
cally limits the author to discussion of 
flexural strengths of cement mortar 
specimens, practical considerations re- 
quire that some consideration be given 
to the utilization of broken prism halves 
in determining compressive strength on 
the same mortars. Prior to the publica- 
tion of Tentative Methods C 348? and 
C 349% by the Society, no means were 
available for testing cements for both 
tensile and compressive strength at the 
same realistic water-cement ratio. The 
present 40-mm prism fills this need. To 
scrap halves of prisms after making the 
flexural tests would be wasteful of both 
materials and testing effort. Relations 
of the tensile strength briquets and the 
flexural and compressive strength of 
prisms to the compressive strength of 
concrete as shown in Table III should 
therefore be considered. 

Considering first the relations of con- 
crete compressive strength to briquet 
strengths for the nonair-entraining types 
of cement—the only cements on which 
we have briquet strength limits—we 
should note two points in the data on 
these relations. First, the wide differ- 
ences in ratios of compressive strength 
to tensile strength between the 1 and 
28-day tests show that increases in 
briquet strength lag far behind gains in 
compressive strength as specimens in- 
crease in age. Second, if we assume that 


these varying strength ratios are normal 
for types I and II cements, then briquet 
strengths underestimate the compressive 
strengths of type III cement concretes, 
especially at the 1, 3, and 7-day periods. 

Contrasted to this behavior of briquets, ‘ 
the prism flexural strengths furnish a 
better index of compressive strength 
development in concrete made with sand- — 
gravel aggregates. These relations are 
best for the type IA and IIA cements, 
where differences between water-cement 
ratios of mortars and concretes are least 
(0.52 gals per sack). They are less ac- 
curate for type III concretes, where dif- 
ference between water-cement ratios are 
greatest (0.74 gals per sack). 

These differences in water-cement 
ratios among concretes and equivalent 
mortars also confuse the picture when 
compressive strengths of concrete and 
those of the C 109 standard mortar in 
either 2-in. cubes or 40-mm modified | 
cubes are compared. Where the mortar 
specimens contain materially less water 
than the equivalent concrete, as in the © 
case of type III cements, the mortar com- — 
pression tests materially overestimate — 
concrete strengths at all ages. Regardless 
of this overestimation, however, the 
consistency of strength relations for 
type III cements from 1 day to 28-day 
results was the best of all types studied. 
For the other type groups, the tendency 
of the mortar tests was to underestimate 
early concrete strengths and overesti- 
mate the later ones. 

It would appear from these studies 
that the art of testing cements for 
strength in mortars would be improved 
if uniform water-cement ratios were 
used as is done universally in Europe at — 
present and as was once done in the C 109 _ 
method for compressive strength of 2-in. 
cubes. This change would materially 
improve agreement between 


on tests of individual cements and should 
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TABLE IV.—WATER CONTENTS OF also result i » 
CONCRETES AND SUGGESTED WATER 0 Tesult in better concordance be- 
CONTENTS OF C 109 MORTARS. tween mortar and concrete tests. Tests 
for flow on the i0-in. table might be re- 
Water pany am Tests, ee tained to note any unusual departures in 
Types of Cement percent consistency, but uniform water-cement 
Concretes! | 109 ratios should be used. 
Mortars | Mortars Some lower water-cement ratio should 
be ado for air-entraini 
Te | ee 49.8 45.1 47.5 mortars, since these cements require 
. eae 54.2 | 47.7 | 50.0 notably less water in concrete when sand 
contents are reduced to compensate for 
TABLE V.—AVERAGE DATA ON STRENGTHS OF 56 CEMENTS. 
Briquets | 2-in. Cubes 40-mm Prisms Concrete 
Com: Compres- 
Tension Flexure ae Flexure Compese- 
25 Tyre I anp II Cements 
Water-cement, gal per sack...... 4.79 5.43 5.43 6.10 
179 1087 299 1179 349 1310 
317 2428 562 2520 541 2647 
420 3727 773 3938 658 3582 
12 Type IA anv IIA Cements 
Water-cement, gal per sack...... 4.75 5.09 5.09 5.61 
Cer: errr 172 961 292 1057 372 1402 
315 2152 532 2246 555 2652 
WE Cincceveusneens 401 3480 727 3478 645 3495 
471 4666 922 4886 739 4583 
15 Type III Cements 
Water-cement, gal per sack...... 4.91 5.38 5.38 6.12 
Strength 1 day........cccceoces 325 2746 628 2972 534 2632 
UN SER 450 4709 888 5127 692 4097 
511 6146 1055 6364 768 4763 
545 7112 1150 7498 834 5709 
4 Type Cements 
Water-cement, gal per sack...... 4.91 5.16 5.16 5.78 
Strength 1 day...............4. 312 | 2100 572 | 2208 449 | 2352 
434 3905 810 4021 646 3762 
- ere 470 5262 913 5156 704 4360 
obey 512 5749 982 5888 767 5077 
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the additional entrained air. Converting 
the water-cement ratios given in Table 
V from gallons per sack to percentage 
water by weight of cement, Table IV 
shows water percentages used in the 
various types of concrete and C 109 
mortars and a suggestion for uniform 
water contents of C 109 mortars as used 
in either 2-in. cubes or 40-mm prisms. 
Concerning the future of cement test- 
ing for strength properties, it seems 
somewhat unnecessary to continue mak- 
ing two types of strength specimens of 


different water-cement ratios, especially testing methods. | 

DISCUSSION 


Mr. Bartley TREMPER! (presented in 
written jorm)—The author’s recom- 
mendation that tests of cement for 
strength in mortars be made with uni- 
form water-cement ratios should be given 
critical scrutiny before adoption. It may 
appear to be axiomatic that uniform 
water-cement ratios would improve 
agreement between laboratories, but is it 
necessarily true that those laboratories 
that cannot make good flow tests can 
make good strength tests? Sufficient 
data are available to explore this ques- 
tion. Recently our laboratory completed 
three rounds of strength tests of five 
type II cements using a constant, pre- 
determined amount of mixing water. 
Flows varied from 113 to over 140. What 
significance can be attached to the 
strength results in terms of performance 
of the cements in concrete? 

Recent tests of eight type II cements 
in 6-sack concrete required water-cement 
ratios varying from 0.553 to 0.582 by 
weight for constant slump. Ottawa sand 
mortars made to constant flow with these 


1 Supervising Materials and Research En- 
gineer, California Division of Highways, Sacra- 
mento, Calif. 


when one of the tests is not suitable for 
use with air-entraining cements. Our 
present 40-mm prism can supplant both — 
the briquet and 2-in. cube with no loss — 
of useful information, and it will be 
equally applicable for testing of all 
varieties of hydraulic cements. The same 
number of test batches are involved, and | 
molding of prisms is simpler and more — 
productive of uniform results than the 
same operation on briquets or cubes. It 

seems time for this change in strength 


cements required water-cement ratios 
that yielded a highly significant correla- 
tion with the concrete requirements. It _ 
would be difficult to justify the use of a : 
constant water-cement ratio in mortar 
strength tests of these cements. 

Mr. Myron A. Swayze (author’s 
closure by letter) Mr. Tremper’s objec- 
tion to the use of uniform percentages of 
water for making mortar strength tests — 
assumes that flow tests of individual 
cement mortars will be uniform in differ-_ 
ent laboratories, if made by competent _ 
operators. This assumption is not cor- _ 
rect. The C-1 Working Committee on — 
Strength in past cooperative tests has 
experienced great difficulties in obtaining 
agreement between well qualified labora- 
tories on water requirement of cement — 
samples in C 109 mortars, and hence on 
uniformity of the strengths that are 
reported. The causes for these poor 
agreements are two-fold. 

First, the 10-in. flow table described 
in ASTM Specifications C 230? does not 
have the precision attributed to it by 

2 Tentative Specifications for Flow Table for 


Use in Tests of Hydraulic Cement (C 230- 
61 T), 1961 Book of ASTM Standards, Part 4. 
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some users. There are some differences in 
flexibility of the 10-in. surfaces that lead 
to differences in vibration on each drop. 
There is also frequent trouble with lubri- 
cation, if the table shaft is to fall freely 
and yet have no oil present between the 
contact faces of the table and the sup- 
porting frame. The presence of even a 
small drop of oil between these impact 
surfaces acts as a damper and will yield 
low flow results. The invention of the 
Nujol-silica sand flour by the Cement 
Reference Laboratory many years ago 
for standardizing flow tables was in di- 
rect recognition of the fact that different 
tables yielded different flow results on the 
same cement. Use of this Reference 
Laboratory mixture has only partly 
overcome this difficulty. 

The second cause of flow variations in 
individual cement mortars in different 
laboratories is attributable to fineness 
variations in lots of our standard graded 
Ottawa sand. It is impossible to main- 
tain this sand closer to an exact grading 
than as specified at present without in- 
creasing the sand cost beyond all reason. 


SIGNIFICANCE OF SELECTED ASTM Tests 


rel 


The present fineness limits in Method 
C 109 yield low water-cement ratios and 
hence high strengths when the sand is in 
the coarse range, and high ratios and low 
strengths when the sand approaches the 
low limits of sieve retention. The use of 
a uniform water-cement ratio for mixing 
the C109 mortars would do much to 
solve the present difficulty. 

Many concrete specifications now have 
top limits on water-cement ratios for 
different classes of concrete instead of 
arbitrary proportions of cement, sand, 
and coarse aggregate, with water addi- 
tions variable as needed to provide a 
narrow range of slump. The testing of 
cements for strength in mortars made to 
a uniform water-cement ratio would be 
of more value in estimating concrete 
strength in cases where the concrete 
design is on the uniform water-cement 
basis. The appreciation of these two diffi- 
culties in our present C 109 mortar test 
method was what prompted the author 
to suggest a return to uniform water- 
cement ratios in the present standard 
test for cement strength. 


= 


io 


thd, 
VARIATIONS IN PORTLAND CEMENT—PART 2 


By STANTON WALKER! AND D. L. BLoEm! © 


SYNOPSIS 
ake Fourteen different non-air-entraining cements were sampled monthly 


for one year and the samples tested for compressive strength at ages of 7, 28, 


and 91 days. For each period, tests were made concurrently with a control 
cement which had been blended and sealed in advance. All cement samples 
were also tested for air-entraining capacity. The program was similar to 
work reported previousy which involved five sources of cement sampled 
biweekly for one year. 

its All sources of cement varied in strength from sample to sample. The degree 


of variability was greater for some than for others and, in many cases, was 
_ sufficient to make it difficult to meet concrete strength specifications without 
uneconomic over design. Air content also varied, but it was substantially 
always below the 12 per cent maximum specified for non-air-entraining ce- 
ments. 
Tests of multiple samples from various locations in single cars of two 
cements were highly uniform. Comparisons between two operators showed 
them to provide virtually identical mortar strength test results, both in magni- : 
tude and uniformity. These supplementary data, along with results for the ae 
-* control cement, provided assurance that indicated within-source strength 
__- variations were actual and not caused by vagaries in testing. 


ll 


This paper reports a second investiga- 
tion of the uniformity of the strength- 
producing properties of portland cement 
from individual mills. It supplements an 
earlier report presented before the 1958 
Annual Meeting of the Society? It 
exemplifies the continuation of a policy 
to study cement as a material—its 
quality and, particularly, the uniformity 
of its quality. 

As pointed out in the earlier paper, 


much concrete. The data presented there 
demonstrated conclusively that, for 
standard conditions of test, the strength 
of concrete is directly related to the 
strength of standard mortar. It is clear, 
therefore, that variations in cement have 
a significant effect on the economical 
compliance with specifications for con- 
crete strength. Differences in cements 
from different mills are part of the prob- 
lem, but their importance is greatly re- 


strength is the basis for acceptance of 


1 Director of Engineering and Associate Di- 
rector of Engineering, respectively, National 
Sand and Gravel Assn. and National Ready 
Mixed Concrete Assn., Washington, D. C. 

2Stanton Walker and Delmar L. Bloem, 
“Variations in Portland Cement,” Proceedings, 
Am. Soc. Testing Mats., Vol. 58, p. 1009 (1958). 
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duced if the level of strength from a 
given source is maintained within a rea- 
sonable range. 

The principal objective of this in- 
vestigation and the earlier one was to 
develop information on within-mill uni- 


formity as measured by strength. The 
data should afford guidance as to the 
over-design necessary in the selection of 
concrete proportions. Also, it is hoped 
that the superior uniformity attained by 
some mills may encourage others to im- 
prove their performance. 


Scope OF INVESTIGATION 


Samples of 14 different cements from, 
13 mills were secured monthly for one 
year. Ten of the cements were type I and 
four were type II. One mill furnished 
both type I and type II. Eleven brand 
names were represented. 

Beginning April, 1960, the 12 succes- 
sive monthly samples were secured and 
shipped to the laboratory in sealed water- 
proofed paperlined cloth bags. They were 
taken from regular bulk deliveries by 12 
ready-mixed concrete producers located 
in 11 states. A fifteenth cement, used as 
the control, consisted of a thoroughly 
mixed blend of five brands from the 
Washington, D. C., area prepared in 
advance and stored in sealed metal con- 
tainers. It was tested concurrently with 
the samples from outside sources each 
month. 

As promptly as practicable after re- 
ceipt of the samples for a given month, 
mortar strength tests were made in ac- 
cordance with ASTM Standard Method 
of Test for Strength of Hydraulic Ce- 
ment Mortars (Using 2-in. Cube Speci- 
mens) (C 109).* Because of the number 
of sources, it was not possible to mix 
mortar with all 14 cements and the con- 
trol on the same day. For that reason, 
sources 1 through 7 and sources 8 through 
14 were treated as separate groups, with 
the 7 cements in a group plus the control 
always being mixed on the same day. 

For each sample, the mortar strength 


3 Method of Test for Compressive Strength of 
Hydraulic Cement Mortars (Using 2-in. Cube 
Specimens) (C 109 — 58), 1958 Book of ASTM 
Standards, Part 4. 
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tests were made in triplicate on three 
different days. The two groups were 
mixed alternately to average out varia- 
tions in storage time and ambient con- 
ditions. Each batch of mortar was used 
to.mold nine 2-in. cubes for standard 
compressive strength tests in groups of 
three at 7, 28, and 91 days. Thus, the 
strength tests of the entire program in- 
volved over 5000 cubes from 576 batches, 
48 for each sampling period. 

A limited number of supplementary 
tests were made. Each monthly cement 
sample was tested for air-entraining 
capacity by ASTM Standard Method of 
Test for Air Content of Hydraulic Ce- 
ment Mortar (C 185).4 The cements 
representing the first two sampling 
periods were tested independently by two 
technicians to compare reproducibility 
and evaluate differences which might 
exist within the limits of the standard 
procedure. Finally, samples from 12 dif- 
ferent locations within the same car were 
secured for two of the cements to provide 
an idea of variability within a single 
shipment. The 2 cements were the type I 
and type II from the same mill, men- 
tioned earlier. 

The investigation described here is to 
be contrasted with the earlier one in that: 
(1) 12 samples were secured for each of 14 
cements instead of 26 for 5, (2) standard 
mortar tests only were made, whereas in 
the earlier investigation selected samples 
were also tested in a non-standard type 
of mortar and in two classes of concrete, 
and (3) in the earlier study, but not in 
this one, chemical analyses and fineness 
tests (air permeability), were made on 
selected samples. The concrete strength 
tests were omitted in the second program 
since the eariler one had established their 
close correlation with the strength of the 
standard mortar. 


* Method of Test for Air Content of Hydraulic 


Cement Mortar (C 185-59), 1958 Book of 
ASTM Standards, Part 4. 


if 

f 

H 


Test RESULTS 
The test data are presented in Tables 
I to VI and Figs. 1 to 6. For the most 
part, only average results are given, but 
testing variability is indicated in repre- 
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sentative cases by statistical measures. 
All strength results are averages for 9 
cubes representing tests in triplicate from 
each of three batches made on different 
days. Flow and water content for the C 


TABLE IA.—SUMMARY OF STRENGTH TESTS FOR 
CEMENT SOURCES 1 TO 7 (SERIES 168). 


Each value average for 9 cubes; 3 from each of 3 batches mixed on different days, made and tested 
in accordance with ASTM Method C 109. The control sample was a blend of 5 brands, with 24 por- 
tions sampled and sealed at the same time. ‘(Control A” designates portions mixed on the same days 
as sources 1 to 7; ‘Control B’’ designates like portions mixed on alternate mixing days with sources 
8 to 14 (see Table IB). s; is sample-to-sample standard deviation in psi; v3 is corresponding coefficient 
of variation in percentage. See Table IV for methods of calculating s and »v. 


Compressive Strength, psi 


Monthly Sample 


Source 


Control 
4 5 6 7 Portion A 


7-Day Tests 


! 
| 
No. 1...........| 2920 | 3402 | 3919 | 3299 | 3636 | 4218 | 3231 | 3626 
No. 2...........| 2774 | 3567 | 3437 | 3977 | 3584 | 4102 | 3308 | 3712 
No. 3...........| 3340 | 4034 | 3637 | 4047 | 3378 | 3761 | 3375 | 3857 | 
a Sees 3670 3834 4254 3372 3174 3426 3780 
Saas 4203 3602 4040 3237 3491 2998 3877 
Aare 4037 3536 3625 3278 3899 2199 3763 
ee 4056 3698 3593 3286 3908 3336 3910 
SS Se 4047 4096 3264 3212 4255 2926 3868 
| aaa 4219 4062 4372 3388 4422 3116 3951 
Sere oe 3713 3994 4246 4026 4177 3069 3941 
7 es 3844 3437 4050 3770 3875 3013 3837 
i) eer. 3845 4079 4230 3048 4267 2514 4037 
3886 3778 3916 3434 3962 3042 3846 
eR aera 250 257 251 378 273 359 364 113 
vs, per cent....... 8.1 6.6 6.6 9.6 7.9 9.1 12.0 2.9 a, 
28-Day Tests 
a Pe 4662 4842 4712 4701 5357 5558 4748 
TS ees 5034 4723 5526 4646 5440 5636 4928 : 
a eee 5624 4937 5719 4560 4922 5818 5082 I 
ee 5381 5019 5765 4598 4701 6259 5027 
ee, ea 5832 4771 5559 4337 4797 4839 5171 
eer 6025 4590 5514 4580 5156 4105 5229 
6057 4954 5247 4595 5283 5637 5213 
OSS eee 6105 5669 5103 4692 6122 5808 5393 
6120 5328 5822 5064 5894 5676 5154 
ees 5434 5309 5945 4966 5751 5953 5279 
5803 4796 5645 5130 5780 6156 5183 
No. 12...........] 5442 | 5611 | 5534 | 6185 | 4413 | 5876 | 5642 | 5359 
5641 5039 5562 4690 5423 5591 5147 
ee ree 415 454 343 394 245 468 586 181 
v3, per cent....... 9.0 8.0 6.8 7.8 5.2 8.6 10.5 3.5 


TABLE 1A.—Continued. 


Compressive Strength, psi 


Monthly Sample Source 
Control 
91-Day Tests 
=, ee 4792 5403 5305 5415 5271 5698 6578 5193 
4686 5558 4930 5825 5390 5701 6509 
5761 6036 5248 6155 5234 5247 6285 5638 
5796 5932 5473 6224 5117 7078 5417 
EV Sere 5546 6424 5179 6030 4938 5050 5743 5611 
a eee 5595 6558 5154 6343 5415 5485 5625 5824¢ 
A ee 5381 6524 5242 5850 5325 5644 6419 5594 
eee. ered 5315 6449 5685 5495 5383 6014 6270 7 
eg, SA res 5846 6468 5835 6237 6063 6313 6388 5519 
No. 10 5510 6087 5904 6446 5803 6117 6914 5770 
No. 11 5295 6474 5352 6407 5867 6333 7342 5780 
No. 12 6083 6342 5874 6850 5254 6204 6735 5848 
ee 6188 5432 6106 5431 5744 6491 5594 
412 389 321 410 320 457 499 215 
v3, per cent....... 7.5 6.3 5.9 6.7 5.9 8.0 tee 3.8 
AVERAGE COEFFICIENT OF VARIATION, 3 Test AGES 

vs, per cent....... | 8.2 | 7.0 | 6.4 | 7.8 | 6.3 | 8.6 | 10.1 | 3.4 


* Average for 6 cubes only; one set of 3 accidentally destroyed. 


TABLE IB.—SUMMARY OF STRENGTH TESTS FOR 
CEMENT SOURCES 8 TO 14 (SERIES 168). 

Each value average for 9 cubes; 3 from each of 3 batches mixed on different days, made and tested 
in accordance with ASTM Method C 109. The control sample was a blend of 5 brands, with 24 por- 
tions sampled and sealed at the same time. ‘Control B” designates portions mixed on the same days 
as sources 8 to 14; ‘Control A” designates like portions mixed on alternate mixing days with sources 
1 to 7 (see Table IA). 83 is sample-to-sample standard deviation in psi; v3 is corresponding coefficient 
of variation in percentage. See Table IV for methods of calculating s and v. 


Compressive Strength, psi 


Monthly Sample Source 
8 9 10 12 13 14 
2951 3482 
3246 3693 
2857 3777 
2995 3884 
2449 3828 
2562 3850 
2681 3952 
3025 2387 3997 
2941 2915 3866 
3211 2713 3916 
Avg. 2931 2875 3814 
eee 336 37 


v3, per cent....... 
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TABLE 1B.—Continued. 
onl Compressive Strength, psi 
Monthly Sample Source 
8 9 10 12 13 4 
28-Day Tests 
ee 4773 4347 5651 5692 4051 5153 4233 4762 
me. 8.. 4837 5235 5808 6079 4607 4983 4709 4871 
fe eae 4983 4863 5727 5858 4456 5392 4624 4851 
4736 5973 6130 4500 5432 4308 5104 
4943 5163 5805 5699 4185 5182 4310 5071 
OE ea ee 4901 4374 5163 5862 5157 5500 4893 5160 
SS Fp eee 4797 4459 6357 6646 4017 4715 3738 5105 
i a ee 4926 4639 6011 6813 3716 5686 4114 5467 
4502 4866 5731 6431 4634 5668 4389 5185 
ee 5227 5354 5885 6492 4158 5907 4038 5187 ; 
Ae AP 5260 5318 6081 6901 3968 5681 4607 5188 
5617 6048 6168 6517 4685 5712 4364 5220 
4979 4950 5863 6260 4344 5418 4361 5098 
SS Se eee 297 498 301 429 400 350 317 192 
vs, per cent....... 6.0 10.1 5.1 6.8 9.2 6.4 7.3 3.8 
91-Day Tests 
5626 5392 6803 6665 5202 5695 5134 5319 
SRS Ae 5552 5902 6621 6470 5867 5468 5396 5299 
are ee 5957 5774 6705 6814 5581 5788 5502 5380 
5789 6940 7016 5658 6015 5355 5664 
tt Saaaaee 5987 6290 6873 6539 5979 5941 5386 5651 
gn ge See 6021 5776 6419 6796 6664 6090 5756 5736 
gg Sa 5934 5628 7315 7369 5539 5212 4836 5655 
Fy, Sere 5856 5608 7047 7790 5097 5868 5342 5693 
5655 6340 6835 7385 6167 6193 5846 5556 
ON SE eer ere 6319 6526 7073 7396 5941 6521 5634 5837 
Aare 6380 6394 7376 7795 5551 6207 5876 5881 
6193 6804 7697 7512 6168 6637 5991 5584 
Avg.... 5953 6018 6975 7129 5784 5970 5504 5604 
Peake sctenead 273 436 354 471 439 406 334 189 
v3, per cent 4.6 7.2 5.1 6.6 7.6 6.8 6.1 3.4 
AVERAGE COEFFICIENT OF VARIATION, 3 Test AGES 
m, per cent...... | 52 | 8.6 | 6.0 | 7.0 | 9.0 | 6.7 | 8.4 | 3.6 


109 mortars are averages for the three 
batches. Data for the air content tests 
represent single batches. 


Within-Source Strength Variations: 


Table I gives the compressive 
strengths. Portions A and B of the table 
separate the two groups of 7 cements 


which, as noted above, were tested on 
different days. It is significant that the 
control cement gave almost identical — 
strengths in both groups, indicating the 
across-the-board comparability of results 
in spite of the necessary time separation. 

All cements from outside sources were 
more variable in mortar strength than 


the control cement. Average coefficients 
of variation for the three test ages ranged 
from 5.2 per cent for source 8 to 10.1 per 
cent for source 7, compared with an 
average of 3.5 per cent for the two sets of 
control data. 

Accepted statistical procedures in- 
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tween and within sources. The heavy line 
gives averages for each source in ascend- 
ing order of 28-day strength. The lighter 
lines represent the range within which 
the strength would be expected to fall 90 
per cent of the time. (For a population of 
12 samples, that range is 1.80s where s is 


7000 : y 
NI N 
| NY / ~ = 

3000 iv a 1 | 

10001 

7-DAY TESTS 26-DAY TESTS 91- DAY TESTS 

| 


SOURCE NO 


Fic. 1.—Source-to-Source and Within-Source Variations in C 109 Mortar Strength of Cements 


(Series 168). 


dicate that the coefficients of variation 
for the outside cements are significantly 
higher than the control. Even for the 
most uniform of the cements, the chances 
are less than 1 in 40 that this is not so. It 
is of interest to point out that the within- 
source uniformity in the current in- 
vestigation is only slightly better than in 
the earlier one. 

_ Figure 1 shows strength variations be- 


the standard deviation.) It follows, of 
course, that one sample in 20 would be 
expected to fall below the lower limit of 
Fig. 1. 

As already pointed out, earlier work 
has demonstrated that differences in 
mortar strength accurately reflect dif- 
ferences in concrete strength. For the 
two most uniform cements, Nos. 5 and 
10, with coefficients of variation of about 


. 
= 


5 per cent at 28 days, the strength range 
expected to encompass 90 per cent of all 
samples would be + 9 per cent of the 
average. Thus, about 1 time in 20 the 
strength would be more than 9 per cent 
below the average. For the control 
cement the prediction would be that 1 in 
20 would be about 6.5 per cent or more 
below the average and only about 1 in 
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does not follow, therefore, that the mills 
showing poorest uniformity can, by 
economically feasible operating changes, 
be made to match the performance of 
those with best uniformity. Neverthe- 
less, room for improvement exists. It 
should be of interest that, using the low 
average coefficient of 5.2 for source 8 as a 
basis for comparison, statistical analyses _ 
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rT Te Tint 
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1000 850 ° 
} 
= 
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123456786910n 2 t 2345678900 
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= Fic. 2.—Weight and Strength Trends for Mortar Cubes (Series 168). - 
g 
as 


100 more than 9 per cent below. Cements 
Nos. 7 and 9, with coefficients of varia- 
tion of over 10 per cent at 28 days, would 
be expected to fall more than 18 per cent 
below their own averages once in 20 
times. 

The uniformity of cement depends on 
many factors, some of which are more 
readily controlled than others. Both 
operating procedures and uniformity of 
raw materials enter into the picture. It 


indicate a probability of better than 95 in 
100 that sources 1, 4, 6, 7, 9, 12, and 14 
were actually more variable than source — 
8. 


Time Effects: 


Since these tests were performed over a 
period of a year, the comparability of 
results representing the different sam- 
pling periods is of major importance. This, 
of course, was a principal reason for — 


t 

* 
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including the contrul cement, which are shown in Fig. 2, where strengths are 
should be expected to reveal variationsin arranged in chronological order of testing 
testing independently of differences in for the control cement and for the 


cement. Data related to this question averages of all other cements. Also shown 


TABLE II.—AIR CONTENT TESTS OF MORTAR (SERIES 168). 

Tests made in accordance with Standard Method of Test for Air Content of Hydraulic Cement 
Mortar, ASTM Designation C 185 — 59.‘ Flow maintained within prescribed range of 80 to 95 per 
cent except as noted. Tabulated mixing water is that required in batch containing 350 g cement and 
1400 g Standard (No. 20-30) sand. 


Cement Source No. 


Monthly 1 2 3 4 5 6 7 Control 
Sample 
Air, |H20, | Air, |H:0, | Air, | Air, |HsO,| Air, |H2O,| Air, |H:O, | Air, |H20, | Air, |H:0, 
% | mi | % % | mi % % ml | mi| % mi 
11.6 |220 |9.4 |235 | 8.0) 235)11.8) 225)/11.1 |230 | 9.4 |240 |11.4/ 220) ... 
Biv 13.0 |218 |232 | 8.7) 245)10.0) 232/10.6 |232 | 9.5 |240 |11.9) 225) ... 
9.4 |230 |8.6 |235 |10.6| 242) 8.9) 235) 8.6 |235 | 9.5 |242 {10.0} 235) .. 
9.1 |232 |9.1 |235 |10.1) 235) 8.6) 240) 9.5 |235 | 8.7 |240 | 9.8) 232) ... 
8.8 |230 |9.1 |235 |10.1| 242/11.6) 235)10.6 |235 | 9.3 |240 |10.2) 235) ...| ... 
9.9 |242 |8.8 |235 | 8.8) 242) 8.2) 242) 8.8 |242 | 8.6 |242 | 9.6) 242/10.2) 235 
8.9] 242) 8.6) 242) 9.7 |235 | 8.7 |245 |10.8) 230] 9.4) 235 
No. 8 .| 9.3 |239 17.8 |242 | 8.5) 242) 9.8) 246) 9.4 [239 | 9.9 |246 | 9.6} 239) 9.1] 239 
No. 9 -| 8.0 [242 |8.1 |242 |10.5) 246) 7.5) 246) 7.6 |242 | 8.9°/249°/10.1/ 239) 9.1) 242 
No. 10 -| 8.5 1242 |8.1 |242 | 9.9) 246) 8.6) 244) 9.2 (242 | 9.1 |248 | 8.1) 248) 8.3) 242 
ae 8.6 |240 |7.8 |243 | 9.2) 244) 8.2) 242) 8.5 |244 | 8.5 |244 | 8.5) 243) 9.2) 240 
are 8.0 |242 |7.8 |242 |10.2) 242) 8.5) 240) 8.9 |240 | 8.5 |242 | 8.2) 240) 8.8] 240 
Avg.... 9.6 |235 |8.6 |238 | 9.5) 242) 9.2) 239) 9.4 |238 | 9.1 |243 | 9.8] 236) 9.2) 239 
Range. . 5.0 | 24 |1.7 | 11 | 2.6) 11) 4.3) 21) 3.5 | 14] 1.4 9} 3.8) 28) 1.9 7 
1.6 9 (0.6 4/|}0.9 4, 1.3 6| 1.0 5 | 0.5 3] 1.2 8) 0.7 3 
Cement Source No. 
a) 
8 9 10 il 12 13 14 Average 
Air, |H20, | Air, |H:0, | Air, |H20, | Air, |H2O,| Air, |H2O,| Air, |H20, | Air, |H20, | Air, |H20, 
ml ml % ml /o ml % ml ‘0 % 
a eer 8.2 |235 |8.0 |225 | 6.6) 235) 7.7) 235) 8.5 |235 | 7.9 |245 | 6.7| 235) 9.0) 232 
9.0 |235 |9.4 |225 | 8.4) 232) 9.2) 240/11.0 |220 |10.1 |235 | 8.6) 232) 9.9) 232 
No. 3.. 8.9 |240 |9.7 |230 | 8.4) 2 9.2) 242) 9.7 |230 | 9.0 |245 | 8.7| 240) 9.2) 238 
7 eee ... |... [9.4 [230 | 8.2) 235) 8.7] 232) 9.3 |228 | 7.9 |242 | 8.4) 240) 9.0) 235 
No. 5 .|11.0 |235 |8.7 |235 | 9.4) 235) 8.3) 235) 9.4 |230 | 8.0 |245 | 8.6) 242) 9.5) 236 
8.6 |242 |8.9 |232 | 8.6) 235) 7.8) 242)11.9 |227 | 8.6 |245 | 8.9) 235) 9.1) 239 
No. 7 .| 8.9 |242 |8.6 |232 | 7.8) 235) 9.2) 242) 9.3 |230 | 9.6 |235 | 8.6) 235) 9.2) 237 
No. 8 .| 8.6 |242 |8.5 |235 | 7.9) 242) 9.2) 239) 8.3 |249 | 9.1 |246 | 8.1] 242) 8.9) 242 
No. 9 .| 8.0°/249°|8.9 |246 | 250] 7.3) 250/10. 1°|246*| 7.8 |248 | 7.6) 248) 8.4) 246 
 * 8.4 |242 |7.8 |242 | 7.3) 242) 8.0) 248] 9.8 |246 | 9.8 |246 | 8.4) 246) 8.7| 244 
8.5 |239 |8.3 |239 | 8.1) 240) 8.0) 240) 8.9 |248 | 8.6 |244 | 7.9) 243) 8.5) 242 
a .. |... 17.6 [240 | 8.3) 238) 7.8) 240) 8.3 |238 | 7.7 |244 | 7.6) 242) 8.3) 241 
pee 8.8 |240 |8.7 |234 | 8.0) 237) 8.4) 240) 9.5 |236 | 8.7 |243 | 8.3) 240) 9.0) 239 
Range...... 3.0 | 14 /2.1 | 21 | 2.8) 18) 1.9) 18] 3.6 | 29 2.4] 13 | 2.2) 16) 1.6) 14 
0.8 4 |\0.7 7 | 0.8 6) 0.7 5} 1.1 | 10 0.8 0.7 5) 0.5 5 


* Flow 95 to 100 per cent. 

Flow 79 per cent. 

© Average of 14 ew 


> 
' 
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are the average one-day weights of cubes 
measured in groups of three from the 
same gang mold when the specimens 
were stripped. 


- Both strength and cube weight in- 


denser (contained less air) as the work _ 


progressed. Analyses of standard air 
content measurements on the cements 
given in Table II and Fig. 3, indicate 
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that the increase in density is probably — 
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Fic. 3.—Variations in Air Content and Mixing Water of C 185 Mortar for Successive Sam 


Cement from Different Sources (Series 168). 


creased progressively with the passage of 
time. The trends were of similar magni- 
tude for the control cement and the 
cements from outside sources, indicating 
a progressive alteration in some aspect of 
testing. The direction of the trend in both 
strength and weight is consistent with 
the hypothesis that specimens became 


attributable to a progressive decrease in 
mortar air content, possibly caused by a 
change in the standard sand. 

Whatever the cause, if it is accepted 
that the changes in weight reflected 
changes in density (rather than di- 
mensions of cubes), then the range cor- 


ples of 3 


responds to a difference in void content 
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of about 1} per cent during the period of 
testing. Data of several investigators 
have shown that strength is reduced 5 
per cent or more for each per cent of 
added air when the water-cement ratio is 
unchanged. Thus, the 1} per cent varia- 
tion in density shown here accords 
reasonably well with the observed 
strength trend, covering a range of about 
10 per cent. 

It cannot but be observed that the 
variations in strength with time would 
contribute to the measured coefficients 
of variation discussed earlier. The pos- 
sible significance of this effect on the 
statistical relationships was examined in 
several ways and it was found that the 
comparisons of variability among the 
sources or with the control cement were 
not significantly affected. It was felt, 
therefore, that the strength data in their 
unembellished form, as presented in 
Table I and Fig. 1, provide the clearest 
picture of the results. 


Variations in Air Entrainment: 


Single tests for air-entraining capacity, 
in accordance with ASTM Method C 
185,* were made on each sample from the 
outside sources. These were performed 
approximately concurrently with the 
corresponding mortar strength tests. 
Air content tests of the control cement 
were made for the last seven sampling 
periods only. The data are given in 
Table II and shown graphically in Fig. 3. 
All cements were non-air-entraining ac- 
cording to ASTM standards. Only in the 
case of a single sample of cement No. 1 
was the 12 per cent maximum of ASTM 
Specification C 150° barely exceeded. 

There was variation in the air content 
from sample to sample for a given cement 
source. This may have been partly due to 
testing variation, since each sample was 


5 Specification for Portland Cement (C 150 - 
60), 1960 Supplement to the Book of ASTM 
Standards, Part 4. 
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represented by only a single test. How- 
ever, there is a clearly evident trend to- 
ward decreasing air content for suc- 
cessive sampling periods, discernible in 
Fig. 3, to some degree for several in- 
dividual sources and to a very impressive 
degree for averages of the 14 sources. 
The air content reduction was ac- 
companied by a small but consistent in- 
crease in water requirement of the C 185 
mortar. 


Nn 
n 


n 

| 


n 
| 


HH 


MIXING WATER, mi, (for C 165 mortar) 


236 +—4 
234 


© OUTSIDE SOURCES (avG I2 
| SAMPLE PERIODS) 
as Se X CONTROL CEMENT (AVG 7 


col 
SAMPLE PERIODS) 


340 342 344 346 348 350 352 354 356 356 360 
MIXING WATER, mi, (for C 109 mortor) 


Fic. 4.—Mixing-Water Relationship Between 
C 109 and C 185 Mortars for Cement from Dif- 
ferent Sources (Series 168). 


It is almost certainly not a coincidence 
that these correspond to the trend in 
weight of the C 109 mortar discussed 
above. In fact, the range in air content, 
shown by the curve for averages in Fig. 3 
to be about 1} per cent, checks almost 
exactly the air content differences men- 
tioned earlier as accounting for the 
change in cube weights. The air content 
test data, therefore, lend support to the 
conjecture that the strength and weight 
trends for C 109 cubes were caused by 
changes in air content of the mortar. 

The cause of the air content trend is 


| 
| 
244 
| 
. | 
| 
f 
x 
| | 


not known. A study of 150 sieve analyses 
of the sand, representing tests in dupli- 
cate on each of 75 bags used, denied that 
grading was responsible. Average fineness 
moduli of the graded sand ranged only 


erage for 3 batches mixed on different days. 


WALKER AND BLOEM ON VARIATIONS IN PORTLAND CEMENT 


TABLE III.—MIXING WATER REQUIREMENTS OF MORTAR (SERIES 168). 


Tabulated values are mixing water in ml for standard 9-cube batch (with 740 g cement and 2035¢ __ 
graded standard sand) and flow of mortar in per cent (25 drops of table in 15 sec). Each value av- 


from 1.73 to 1.76 for the 12 sampling 
periods. Other possible sources of pro- 
gressive air content differences suggest 
themselves, but these are not easy to 
document or support. 


Cement Source No. 


Monthly Sample 1 3 4 6 7 
|Flow,|H:0, |Flow,|H20, |Flow,|H20, |Flow,|H20, |Flow,|H20, |Flow,|H20, |Flow,|H:0, |Flow, 

ml A ml | % | ml/ % | ml % | mi % | mi 
335) 106) 345) 108) 350} 108) 340) 104) 345) 106) 355) 107) 335) 105) 345) 108 
330) 105) 343) 108) 358] 106] 343) 106) 343) 110) 353) 109) 338) 109] 345) 106 
333) 345) 108) 357| 109) 343) 103) 345) 106) 355) 110) 343) 102) 348) 111 
340} 110) 345) 107) 345) 109) 347) 106) 345) 106) 350) 108) 337) 105) 343) 106 
335) 106) 345) 345) 107) 345) 111) 345) 106) 350) 107) 347) 109) 345) 108 
350} 103) 347) 111) 348] 103] 348) 104) 350) 110) 355) 106) 350) 110] 347| 108 
352) 110) 348} 352) 105] 350) 107| 348) 110) 353) 108) 338) 104) 345) 105 
108) 348) 107) 350) 107| 353) 106) 345) 105) 355) 106) 343) 102) 345) 105 
353] 353) 110) 357) 105) 357) 350) 109) 360) 110) 345) 108) 348) 106 
350} 109) 348) 112) 350) 109) 362) 105) 355) 113) 360) 107) 358) 107| 350) 109 
345) 106) 355) 112) 110) 350) 110) 347| 109) 109) 355) 108] 345) 108 
bia 350) 106) 350} 109) 350] 108] 348) 106) 343) 108) 350) 348) 107) 345] 106 
Avg...........| 343] 106} 348) 108) 352) 349) 106) 347| 108) 354| 108) 345) 106) 346] 107 
ee 7 12 5) 13 7| 22 8} 12 8 10 4) 23 8 7 6 
Per cent range. .| 6.7| 6.6) 3.5] 4.6) 3.7) 6.5) 6.2) 7.5) 3.5) 7.4) 2.8) 6.7| 7.5) 2.0) 5.6 

Cement Source No. 

Control 

8 9 10 il 12 13 14 * 
Portion B 

H20, |Flow,|H20, |Flow,|H:0, |Flow,|H:0, |Flow,|Hz0, |Flow,|H20, |Flow,|H20, |Flow,|H:0, 

ml ml | mi ml | % ml 

345) 109) 340) 107| 108) 3 105} 350) 104) 360) 108) 347) 108) 342 

350) 110) 340) 106) 345) 106) 355) 108) 335) 112) 353) 107| 345) 109) 345 
350) 110) 343) 108) 347| 355) 108) 333) 104) 365) 106) 348) 105) 347| 106 
...| 108] 345) 107| 342) 110) 330) 106) 355) 107) 348) 106) 345) 109 
340! 108} 345) 107] 345) 108) 345) 105) 335) 109) 358) 104) 353) 104) 345) 106 
348} 106) 343) 111) 345) 104) 347| 106) 332) 110) 358) 106) 345) 105) 347| 108 
348) 340) 106) 345] 103] 352) 106) 335) 106) 347| 107| 345) 106) 345) 105 
340] 106] 350] 105| 343| 108} 360) 353] 104) 352) 108] 345) 105 
360} 107} 353) 105] 362) 360) 108) 362) 109) 362) 105) 365) 112) 348) 104 
350) 109} 348) 105] 362) 357| 109) 353) 104) 365) 104) 362) 108) 352) 111 
343) 109) 108} 345] 109] 345) 370) 108) 358) 106) 355) 108) 345) 105 
345| 107) 345) 109] 342) 107) 345) 110) 338) 111) 357) 110) 350) 109) 342) 105 
348] 108) 343] 348] 106] 350) 107) 344; 358) 106) 351| 107| 346) 106 
4, 17 6} 20 6} 18 5 8 18 6| 20 8} 10 7 

Per cent range. . 
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Laboratories on occasion have en- 
countered air-entraining properties in 
the standard sand. It is conceivable that 
the substances causing the air entrain- 
ment might lose their potency with time. 
Other possibilities, such as changes in 
performance of equipment or personnel, 
can be hypothesized as being responsible 
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uted to testing error. As a further check 
on the reliability of the measurements, 
air content tests were repeated at the 
close of the program on pairs of samples 
representing extremes of air in the origi- 
nal tests for four of the cements. In all 
cases, the pairs produced air content dif- 
ferences in the right direction and con- 


but, so far, none has seemed sufficiently 
tenable to merit discussion here. 
Independently of the long-range trend 
of air contents with time, it should be 
observed that the individual fluctuations 
in air produced by different samples of a 
given cement appear to be real. Multiple 
tests on the same shipment of cement, 
discussed later, showed the test method 
for air content to be highly reproducible, 
suggesting that the within-source varia- 
tions shown in Fig. 3 cannot be attrib- 


T 
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° 
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a 00 — 
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~y 4500 — pe te + 
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ar ; - 320 340 360 320 340 360 320 340 360 320 340 360 380 
WATER PER BATCH, mi 
a Fic. 5.—Relationships of Mixing Water to Strength of C 109 Mortar (Series 168). 


sistent in magnitude with the original 
tests. 

An item of by-product data from the 
air content tests is shown in Fig. 4. Al- 
though differences in mixing water 
among the different cement sources were 
small, the requirements for C 109 and C 
185 mortar correlated very closely. 


arialions in 
Variations in Water Demand 


Table III shows average flows and 
mixing water contents for the three 


| 
j 
i 


{2@ 
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batches of mortar made with each ce- mixing water and the small flow varia- 
ment sample. All flow values are within tions within the permissive range for 
the range of 100 to 115 specified in individual cement sources. It may be © 


TABLE IV.—TESTS OF WITHIN-CAR UNIFORMITY OF 
CEMENT STRENGTH (SERIES 168). 
Tests by ASTM Method C 109 of samples from 12 different locations in cars of cement from 2 
sources. Each location represented by average of 3 batches mixed on different days, with each — 
strength the average of nine 2-inch cubes—3 from each batch. 


Results of C 109 Mortar Tests 
Cement Source No. 6 Cement Source No, 7 
Sample Location in Car 
Compressive St: Cc h, psi 
ml’ | Per per 
cent cent 
OO 7-day | 28-day | 91-day 7-day | 28-day | 91-day 
Dine eutendechanednawes 350 106 | 4407 | 5795 | 5919 | 350 105 | 3820 | 6331 | 7102 
ee ee ee: 350 107 | 4372 | 5781 | 5951 | 350 106 | 3812 | 6367 | 7146 
Dineeeceeeeceneeekione 350 106 | 4373 | 5844 | 6003 | 350 108 | 3610 | 6373 | 7144 
Prksskeceeeebcoress 350 107 | 4539 | 5877 | 6048 | 350 107 | 3809 | 6188 | 7156 
Oras ds ehccmeumsnekeen 350 107 | 4448 | 5696 | 6082 | 350 108 | 3678 | 6382 | 7179 
isda. acntiguaacdgaedincs esa ncaa 350 106 | 4433 | 5812 | 5969 | 350 108 | 3657 | 6244 | 7076 
350 106 | 4504 | 5783 | 6019 | 350 105 | 3672 | 6361 | 7060 
ica sandea-sie ee eam 350 107 | 4347 | 5608 | 5922 | 350 104 | 3799 | 6463 | 7217 
_ Renee Rpts tt) 350 106 | 4346 | 5741 | 5949 2 107 | 3649 | 6407 | 7171 
350 106 | 4432 | 5651 | 5818 | 352 106 | 3673 | 6321 | 7109 
Wnavees tne tesds enous 350 107 | 4352 | 5719 | 5961 | 353 108 | 3620 | 6435 | 7303 
350 106 | 4492 | 5736 | 5799 | 353 108 | 3685 | 6287 | 7150 
NN i Kicediniontcnems 350 106 | 4420 | 6754 | 5956 | 351 107 | 3707 | 6347 | 7151 
A 63 78 80 80 78 65 
err 1.4 1.4 1.3 2.1 1.2 0.9 
WP ain ciatein dale BWSR 347 108 | 3911 | 5265 | 5656 | 348 109 | 3846 | 5247 | 5733 
Ae AEE Ree eee ers 248 109 | 3836 | 5138 | 5654 | 350 109 | 3848 | 5218 | 5897 
BM 1 tiucasdvei exes 348 108 | 3874 | 5202 | 5655 | 349 109 | 3847 | 5232 | 5815 
87 165 116 86 129 121 
104 124 152 79 113 142 
ee 2.4 2.2 2.5 2.1 1.8 2.0 


@s, = within batch standard deviation = 0.5907R where R is average range for 42 sets of 3 
cubes representing a given cement and its control batches at a given age. 

8: = batch-to-batch standard deviation = 0.5907R where R is average range in strength for the — 
14 sets of 3 batches representing given samples of the same cement and its control batches at a given | 


age. 
8; = sample-to-sample standard deviation = 2) where is average strength at a given 
age, z is the strength of a particular sample and n is the be of samples, 12. a 
1, v2 and v3 are corresponding coefficients of variation expressed as percentages of average 


> Batches with control cement, mixed concurrently with samples a through f or samples g through 
n of the given source of cement. 


Method C 109, and averages for in- inferred, therefore, that mixing water 
dividual sources vary only from 106 to differences for a given source represent 
108. No relationship was found between _ the combined effects of testing error and 


e 
d 


variation in the water demand of the 
cement. 

The range in mixing water was greater 
for all outside sources than the 10-ml 
difference exhibited by the control. 
Ranges exceeding twice that amount, 20 
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ferences in water demand. Only in the 
case of source 12, mentioned above as 
revealing greatest variation in mixing 
water, was there a tendency for higher 
water requirement to be associated with 
lower strength. 


«@ nian’. 
SOURCE NO. 6 | 
91-DAY 
Va 
7-DAY 
Phir a 
‘oo; = 
o | 
> SOURCE NO. 7 1-DAY 
a a 
7-DAY 
2000} 
SUCCESSIVE MONTHLY SAMPLES “ 
WITHIN-CAR SAMPLES 
=! al | | | | | a 
he gms SAMPLE NO. 


Fic. 6.—Comparisons Between Month-to-Month and Within-Car Strength Variations for Two 


Cement Sources (Series 168). 


ml, are indicated for cements Nos. 1, 4, 7, 
and 12. The latter showed by far the 
greatest range, 40 ml, amounting to 
nearly 12 per cent of the average water 
content. 

As shown in Fig. 5, there was generally 
no indication that strength variations of 
the mortar were related to the dif- 


In the previous program of cement 
tests, it was found that only very large 
differences in mortar mixing water were 
reflected to a measurable degree in the 
water requirement of concrete. With the 
possible exception of cement source 12, 
which exhibited the greatest variability, 
it is doubtful that differences in water 


: 


demand found in the present tests would 
significantly affect the required mixing 
water or slump of concrete. 


Tests of Within-Shipment Uniformity: 


An additional basis for comparison 
with the tests on monthly samples was 
provided by securing several samples 


TABLE V.—AIR CONTENT VARIA- 
TIONS FOR CEMENT SAMPLES FROM 
SAME CAR (SERIES 168). 

Tests made in accordance with ASTM 
Method C 185 — 59. 

Quantities for all batches: cement 350 g; 
Standard Sand (No. 20-30) 1400 g; water 242 
ml. 

Data represent single batches: source 6 plus 
control on one day; source 7 plus control on sec- 


ond day. 
Cement Source | Cement Source 
No. 6 No. 7 
Sample 
in 
— Flow, Flow, 
per cent|PeF cent |Per cent 

8.7 91 9.5 | 90 
8.6 87 9.2} 91 
8.9 90 9.8} 91 
8.5 85 9.8} 92 
8.8 92 9.7 | 90 
8.7 87 9.9] 95 
88 9.7 | 90 
8.7 86 10.0 | 89 
8.4 88 9.7 | 87 
8.8 88 10.0 | 87 
8.6 88 9.6 90 
95 9.0 | 93 


from single shipments. Samples were 
taken from 12 locations within single 
cars of two cements, Nos. 6 and 7. These 
were, respectively, a type I and a type II 
from the same mill. 

The samples were tested using pro- 
cedures similar to those of the main 
program except that all mortar was 
mixed within a short period of time. The 
24 samples, 12 from each car, were 
mixed in groups of six, together with the 
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control cement, on each of four days. 
Three such rounds were made. The 
average data are given in Table IV. In 
Fig. 6, strengths for 12 samples from the 
same shipment are compared graphically 
with 12 samples taken at one-month 
intervals from the same sources. 

The data indicate that there was no 
significantly measurable variation in the 
samples from the same shipment. The 
sample-to-sample coefficients of varia- 
tion, averaging 1.4 per cent for both 
sources, are almost precisely what would q 
be expected if the tests had all been made 
on the same sample. Thus, within the 
precision of the meticulously controlled 
methods of this investigation, the cement 
in each of the two cars sampled was uni- 
form. The 1500 to 2000 psi spread in 28- 
day strengths of samples from different 
shipments shown in Fig. 6 contrasts 
sharply with the 270 to 275 psi within-car 
range. 

Air content variations within a par- 
ticular car of cement were very small as 
shown in Table V. The ranges and 
standard deviations indicate good pre- 
cision of the test method, at least for 
determinations made within a short 
period. It seems probable, therefore, 
that the reliability of the air content 
measurements on the monthly samples, 
discussed earlier, would not have been 
appreciably improved by making repli- 
cate determinations. 


Source-to-Source Variations: 


The average 28-day strengths of the 
12 samples for each of the 14 cements 
ranged from 4344 psi for source 12 to — 
6260 psi for source 11, a spread of about 
36 per cent of the mean. This is only | 
slightly less than the difference shown for | 
28-day tests of the five sources in the 
earlier investigation in which the low © 
value was 3674 psi and the high 5434 psi, — 
a spread of 39 per cent. 

For the current tests at 7 days, the 


TABLE VI.—COMPARISON OF MORTAR TESTS BY TWO OPERATORS (SERIES 168). 


Values are averages for 3 batches mixed on different alternate days by each operator, with 9 
cubes molded from each batch for tests in triplicate at 3 ages. s; and 82 are within-batch and batch- 
to-batch standard deviation and » and v2 are the corresponding coefficients of variation in per- 
centage (see Table IV for bases of calculation). 


Tests by Operator No. 1 


Tests by Operator No. 2 


Water, Flow, Weight Water, Flow, 
ml Cubes, ml 3 Cubes, 
cent 23 | g? cent 2 | on 
7 days days | days 7 days days | days 
Samp.e Periop No. 1 
335 106 | 2920) 4139) 4802 335 107 | 2860) 3934) 4940) 
345 108 | 3391) 4662) 5403 350 lll 3359) 4550) 5463 hx 
350 108 | 3919) 4842) 5305 350 110 | 3869) 4751| 5377 
340 104 | 3299) 4712) 5412 340 108 | 3427) 4840) 5619 
345 106 | 3636) 4701) 5271 347 108 | 3711) 4560) 5359 
OS Pere 355 107 | 4218) 5357| 5698 353 108 | 4162) 5139) 5729) 
335 105 | 3231) 5558) 6578 335 106 | 3097) 5547| 6657 Ars 
345 109 | 2827) 4773) 5626 350 110 | 2869) 4766) 5698 
340 107 | 3057| 4347) 5392 340 107 | 3100] 4618] 5618) 
AE 347 108 | 3668) 5651) 6803 350 106 | 3585) 5492) 6721 ie 
350 105 | 3519) 5692) 6665 350 104 | 3432) 5595) 6620) 
350 104 | 2932) 4051) 5202 350 105 | 2917) 4080) 5250) 
360 108 | 3667) 5153) 5695 360 108 | 3620) 4997) 5618 
pe 347 108 | 2985) 4233) 5134 350 108 | 2917) 4262) 5156 at 
345 108 | 3626) 4748) 5193 343 107 | 3544) 4554) 5321 
Cs-10” 342 106 | 3549) 4762) 5319 343 106 | 3550) 4745) 5344 
[eee 346 107 | 3403) 4836) 5594 347 107 | 3376) 4777| 5656 m 
89} 119) 136 112) 153) 134 
156; 138) 167 87| 117 
2.6) 2.5) 2.4 3.3] 3.2) 2.4 
4.6} 3.0 2.6) 2.9) 2.1 
Periop No. 2 
330 105 | 2774| 3898) 4686) 831 332 110 | 2674) 3983) 4838) 823 
343 108 | 3567) 5034) 5558) 856 343 109 | 3525) 5187| 5879) 852 
358 106 | 3437| 4723) 4930) 836 353 104 | 3445) 4702) 5054) 830 
343 106 | 3950) 5526) 5870) 852 340 108 | 3913) 5680} 6175) 849 
343 110 | 3593) 4691) 5390) 847 345 lll 3523) 4648) 5271| 839 
353 109 | 4097| 5440) 5701; 851 355 112 | 4170) 5514) 5729) 846 
338 109 | 3308) 5670) 6509) 852 335 109 | 3393) 5934) 6779) 846 
350 110 | 2861) 4837) 5552} 850 | 350 110 | 2823) 4979) 5479) 846 
|, Se 340 106 | 3484) 5235) 5902) 854 340 105 | 3407) 5186) 6215) 852 
345 106 | 4169) 5808) 6621) 857 350 112 | 3955) 5918) 6580) 853 
OS eer 355 108 | 4428) 6079) 6470) 854 353 106 | 4419) 6143) 6652) 850 
335 112 | 3314) 4607) 5867 7 335 110 | 3226) 4876} 5923) 838 
353 107 | 3496) 4983) 5468) 849 360 111 | 3361) 4909) 5456) 840 
345 109 | 3246) 4709) 5396) 852 350 112 | 3172) 4769) 5619) 842 
345 106 | 3712) 4928) 5251) 852 | 345 107 | 3652) 4992) 5234] 846 
345 106 | 3693) 4871) 5299) 849 | 345 108 | 3703) 5063) 5503| 844 
ree 345 108 | 3571) 5065) 5651| 849 | 346 109 | 3523) 5155) 5774| 843 
77| +116) 148 103} 120) 146 
84; 147 146; 233) 205 
2.2} 2.3) 2.6 2.9) 2.3) 2.5 
2.4, 3.6) 2.6 4.5) 3.5 


® Cubes weighed 3 at a time (from same gang mold); each value average of the 9 weighings repre- 
senting a given source. 
’ Control batches mixed same day as sources 1 through 7 and sources 8 through 14, respectively. 
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percentage spread was about 36 per cent, 
the same as for 28 days, but at 91 days 
the variation was reduced somewhat, to 
about 27 per cent. It appears that there 
was some tendency for age to ameliorate 
the early strength differences among 
cement sources. 

The presence of the type II cements in 
this study had no effect on the over-all 
range among sources. They were Nos. 
7, 8, 9, and 14, none of which represented 
strength extremes. They did, however, 
alter the relative arrangement of 
strength levels at the different ages, as 
evidenced by the markedly low values at 
7 days for Nos. 7 and 8 and the perhaps 
higher than expected levels for Nos. 7, 
8, and 9 in relation to the others at 91 
days. 

Differences in average water require- 
ment among the cement sources were not 
large, encompassing an over-all range of 
only 343 to 358 ml for the standard 9- 
cube batches. There was no discernible 
relationship between water demand and 
strength level. 


COMPARISONS BETWEEN OPERATORS 


When the testing program was being 
organized, it was decided to assign the 
mixing and testing of C 109 mortars to a 
different operator from the one who had 
performed those duties in the previous 
research. Therefore, for the first two 
sample periods, the tests were run in 
parallel by both men—operator No. 1 
being the one who performed the C 109 
tests for this report, and operator No. 2 
for the previous program. The results are 
compared in Table VI. 

On the whole, the two men provided 
virtually identical results. Mixing water 
contents were essentially the same even 
though there was no consultation or 
comparison between operators in select- 
ing the amounts. Strengths for individual 
sources checked very closely; over-all 
averages at any age for either sampling 
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period lie within a range of 123 psi or less. 
Even these very small differences in 
strength were not consistently in the 
same direction. For the six pairs of 
comparable average strengths (three 
ages, two sample periods), each operator 
was higher than the other three times. 
The average difference for the 96 pairs 
of strength comparisons amount to less 
than 1} psi. 

In spite of slight differences one way 
or the other for individual groups of — 
comparable data, there appeared to be 
no over-all difference between the two 
operators in uniformity of strength tests. 
Average within-batch coefficients of 
variation were 2.4 and 2.8 per cent for — 
operators 1 and 2, respectively. Cor- 
responding batch-to-batch values were 
3.2 and 3.3 per cent. 

Weighing of cubes, which was not | 
initiated until sample period 2, showed 
slightly but consistently higher levels for 
operator No. 1. The difference averaged 
0.7 per cent. It is not known whether — 
this represented a difference in the 
compactive effort of molding specimens 
or, perhaps, a consistent difference in 
striking them off. 

The comparative data provided as- 
surance that the new operator could 
perform the tests skillfully and repro- 
ducibly, with results comparable in 
significance to those from the earlier 
project. They are also of interest in sug- 
gesting that Method C 109 is sufficiently 
well delineated to assure that different 
skilled operators will produce the same 
results when working under the same 
laboratory conditions. 


AGE-STRENGTH RELATIONSHIPS 


Relationships of strength to age for the 
different cements, derived from Table I, 
are of interest in comparing rates of | 
strength development. It might be ex- | 
pected that the type II cements would _ 
be readily distinguishable from the type 
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I’s in this respect, but such was not the 
case. Two of the type II cements, Nos. 7 
and 8, exhibited relatively low strengths 
at 7 days with only slightly more than 
average increases thereafter. Nos. 9 and 
14, although comparable with the type I 
cements at 7 days, showed higher than 
average increases thereafter. Cement No. 
12, which was nominally type I, produced 
a greater percentage strength increase 
between 28 and 91 days than any of the 
others, including type II. 

Given below are relative strengths of 
each cement expressed in terms of 28-day 
values: 


St per cent of 
y, at 
Source 
7 days 91 days 
73 116 
67 133 
Control Portion A....... 75 109 
Control Portion B....... 75 110 
* Type IT cement. 
CONCLUSION 


This research confirmed the indica- 
tions of earlier work involving a smaller 
number of cement sources. The following 
conclusions seem justified: 

1. Average strengths for the different 
cements varied substantially. The range 
for ten type I cements at 28 days was 36 
per cent of the median strength; the four 
type II cements were distributed over a 
range of 25 per cent. 

2. At least one-half of the individual 
cements differed from shipment to ship- 
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ment sufficiently to have a significant 
effect on uniformity of concrete strength. 
Half of the sources, including three of the 
four type II cements, yielded coefficients 
of variation greater than 7 per cent. Two 
cements had coefficients of variation 
greater than 10 per cent for 28-day tests. 
For this latter degree of variability, 
strength tests would be expected to drop 
more than 18 per cent below average 
about one in 20 times. 

3. Mixing water requirements of mor- 
tar also varied from shipment to ship- 
ment as well as between sources. There 
was no conclusive evidence that these dif- 
ferences were related to the variability of 
strength except for source 12 where high 
water requirement tended to be ac- 
companied by low strength. Considering 
indications of earlier work correlating 
concrete with mortar, it is doubtful that 
the variations in mixing water shown 
here would be reflected to a measurable 
degree in the consistency of concrete. 

4. Mortar air content produced by the 
cements varied from shipment to ship- 
ment and source to source. The variation, 
with the exception of a single sample, was 
below the maximum limit of 12 per cent 
permitted by ASTM: specifications for 
non-air-entraining cements. Within- 
source differences in air did not appear to 
correlate with strength variations. 

5. A trend toward progressive reduc- 
tion in air content of mortar from 
beginning to end of the program was 
discernible for both the control cement 
and the outside sources. That reduction 
was accompanied by increased mortar 
strength consistent with the changes in 
amount of air. The reason for these 
trends has not been established but may 
lie with the presence of small amounts of 
air-entraining contaminants in the stand- 
ard sand. Analyses indicate that the 
strength comparisons and conclusions 
regarding uniformity were not vitiated 
by the aircontent trends. 


SF 


6. Tests of multiple samples from two 
cars of cement showed them to be highly 
uniform throughout. In fact, differences 
in results of these within-car tests could 
all be attributed to normal testing 
variation, which would have occurred 
even if all of the samples had been 
absolutely identical. 

7. Parallel tests by two operators 
yielded essentially identical mortar 
strength levels and uniformity. There 
was a consistent slight difference in 
weights of cubes, possibly caused by ef- 
fects of compactive effort or accuracy of 
strike-off. 
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THE MECHANISM OF GRINDING AIDSt* 


SYNOPSIS 


Grinding aids, interground with portland-cement at low 
addition rates, are generally polar compounds. Because of their polar nature, 
such compounds are preferentially adsorbed on reactivity centers of cement 
surfaces formed probably by fracture of electrovalent bonds and thus reduce 
the surface energy forces which cause agglomeration of the newly produced — 
cement particles. The consequent reduction in surface energy forces causes 
“dry” dispersion of the cement which, in turn, increases cement fluidity and _ 
in some cases significantly reduces mill retention time. To aid in the control | 
of mill retention time, a method for its determination involving the use of | 
fluorescein has been developed. The relationship between mill retention time, 
circulating load, and ratio of grinding media to clinker charge is shown. An 


Grinding aids may be described as 
chemical additions, interground in 
amounts usually less than 0.25 per cent, 
which either increase grinding mill pro- 
duction rates at a given fineness or in- 
crease fineness at the same production. 
Grinding aids for portland cement are 
subject to the further qualification that 
they shall have no detrimental effect on 
the finished product. Criteria for deter- 
mining the non-detrimental character of 
grinding aids are provided in the pro- 
posed ASTM Specification for Processing 
Additions for Use in the Manufacture of 
Portland Cements.? A brief history of 
the development and acceptance of 
cement grinding aids has been given by 
Blanks and Kenedy 


* Presented at the Sixty-fourth Annual Meet- 
ing of the Society, June 25-30, 1961. 

! Manager, Products Chemicals Department, 
Dewey & Almy Chemical Division, W. R. 


Grace & Co., Cambridge, Mass. 

2 ASTM Specification for Processing Addi- 
tions for Use in the Manufacture of Portland 
1961 Book of ASTM 


Cement (C 465 - 61 T) 
Standards, Part 4. 
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approach to the determination of optimum circulating load is outlined. 


The available literature indicates that 
grinding aids function to (1) reduce ag- 
glomeration of comminuted particles, 
(2) reduce surface tension at the solid- 
air interface of the particles being 
ground, and (3) reduce or eliminate 
coating of the grinding media. The pur- 
pose of this paper is Jo present evidence 
in support of the first of these functions 
with only brief comment on the latter 
two. 

When grinding aids began to be used 
commercially in the 1930’s, dusting was 
commonly observed in mill rooms where 
dust collection facilities were inadequate. 
The atmosphere of the mill room became 
hazy because of the presence of extremely 
fine cement particles suspended in the 
air. Since dusting did not occur when a 
grinding aid was not in use, this phenom- 
enon was attributed to “dry” dispersion 
of the cement by the grinding aid during 
and after grinding (2). Fine particles 
which normally would adhere to coarser 


3 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


| 
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particles or to groups of other fine par- 
ticles to form flocs or agglomerates were 
freed by dry dispersion to act as sep- 
arate entities and, as a result, escaped 
from the grinding circuit. 

In some instances, the addition of a 
grinding aid to a preliminary grinder 
has been found to cause the partially 
ground cement in the secondary grinding 
mill feed bin to spurt through small holes 
in the bins or to flush through the clinker 
feed screws which normally were ade- 
quate for controlling the tube mill feed 


(a) Agglomerated. 


with Transmitted Light at 700 Magnification. 


; rate. In one extreme case, the prelim- 
> inarily ground clinker spiralled through 

its feed screw so rapidly that the mill 
became filled, ball cascading ceased and 
mill power consumption dropped to only 


10 per cent of its normal figure. 

These and similar observations over a 
25-yr period confirmed the hypothesis 
that grinding aids generally function by 
dry dispersing the clinker being ground, 
that is, by reducing significantly the 
forces of interparticle attraction which 
usually caused repeated agglomeration 
of the fine particles produced during 
grinding. These observations also es- 
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Fic. 1.—Small Samples of Dry Cement Vibrated on Glass Slide and Viewed Microscopically _ 
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tablished that grinding aids could be — 
effective even when ball coating did not 7 
exist and indicated that ball coating 
might be a special and extreme case of 
agglomeration. 
The existence of cement agglomerates 
is demonstrated by Fig. 1(¢) showing a © 
cement containing no grinding aid and — 
Fig. 1(6) showing the same clinker © 
ground with a grinding aid. These photo- - 
micrographs were taken with transmitted j 
light at 700 magnification of small 
samples of dry cement vibrated on a 


(b) Dry dispersed. 


glass slide. Although agglomerates are 
still apparent in Fig. 1(6), they are much > 
smaller in size and clearly show -- 
reduction in the tendency of the treated 
cement particles to stick together. 

The development of agglomerates 
during grinding has been demonstrated 
by Papadakis (3) who deflocculated _ 
freshly ground cement samples by a_ 
fluid agitating technique which sub- 
stantially increased the Blaine surface 
area of these samples without subjecting 
them to further grinding. The greater 
specific surfaces thus obtained showed 
compliance with Rittinger’s law in the 


‘ 
. 
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range of Blaine surface areas of 0 to 
6000 sq cm per g. Such compliance is not 
normally found in the upper two-thirds 
of this surface area range. 


CAUSES OF AGGLOMERATION 


The forces causing agglomeration 
during grinding have been attributed by 
some investigators to static electrical 
charges of opposite polarity (4). The 
existence of static electrical charges on 
cement particles under low humidity 
conditions has been noted by the author. 
However, in every instance these charges 
gave evidence of having the same polar- 
ity, thus causing the particles to be re- 
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If agglomeration during grinding is 
partly or entirely due to the attractive 
forces of static charges of opposite polar- 
ity, anti-static agents should be superior 
grinding aids. These data show the one 
tested to be no better than would be 
expected for any similar polar grinding 
aid, and in fact slightly inferior to the 
control grinding aid having no de-sta- 
ticizing properties. In addition, this 
agent was an air-entraining agent, which 
fact renders it unusable as a processing 
addition. 

Static electrical charges of like polar- 
ity seem to be developed quite readily on 
particles of clinker or cement under 


TABLE I.—GRINDING AID EFFECT OF AN ANTI-STATIC COMPOUND. 


B —No Grindi: n in i- i 
Addition rate, per cent by weight solids...... 0 0.03 0.03 
Blaine surface area, sq cm per g°............ 4325 4840 4755 
Surface area per mill revolution............. 1.73 1.94 1.90 


@ Lignin-type grinding aid. 


+’ Two individual grinds for each condition of test on different days. Mill temperature 73.5 F. 
© Each value an average of 6 determinations on three different samples. 


pelled from each other and to stick to 
a dissimilar surface bearing the opposite 
charge. Hence, static electrical charges 
developed by friction during grinding do 
not appear to constitute the forces of 
interparticle attraction which cause ag- 
glomeration during grinding. Scott (5), 
after laboratory investigation, concluded 
that the forces of interparticle attraction 
causing pack set likewise were not due 
to static electrical charges. 
Confirmation of the conclusion regard- 
ing grinding is given in Table I, which 
shows the grinding aid effect of an anti- 
static polar compound whose function 
was to provide a conductive path by 
which static charges developed on the 
clinker particles during grinding could 
travel to the grounded shell of the mill. 


certain dry atmospheric conditions by 
frictional contact among the particles 
or between particles and grinding media, 
mill lining plates, steel-pipe transfer 
lines, and the like. Such similarly charged 
particles will repel each other. Due to 
unusual accumulation of free electrons 
under certain favorable conditions, the 
static potential on cement particles may 
in some cases become great enough to 
cause an observable discharge across a 
small air gap to a suitable ground. In 
measuring the static charges formed on 
cement particles by grinding or similar 
means, great care must be taken not to 
induce static charges on the cement 
particles by exposing them to a static 
electrical field (5). Such exposure can 
cause a redistribution of free electrons 


= 
4 
¢ 
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on particle surfaces, which, in turn, may 
cause a particle to act like a charged 
particle, that is, one which has either 
gained or lost electrons. Static electrical 
charges are known to exist on exterior 
surfaces only; their surface densities (but 
not their polarities) depend upon surface 
convexity. 

Some investigators have attributed 
agglomeration of cement particles to the 
almost instantaneous growth of tiny 
crystals common to adjacent particles. 


O Units: O, Deficient (+) 


E Units: O2 Excess (—) 


Silica—courtesy Wey)). 


| Bikerman (6) has stated that this is 
| possible even when moisture content is 
as low as 0.01 per cent of the weight of 
the particles. Many field experiences and 
observations pertaining to grinding, 
| grinding aids, and pack set appear to be 
| explainable on the basis of this hypothe- 
sis. It seems reasonable that cement 
particles under the conditions of tem- 
perature and pressure existing in silo 
storage might well agglomerate due to 
; crystal growth, and this may be a factor 
in “silo set” of cement in storage which 
; has also been considered as an exag- 
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ad Fic. 2.—Unbalanced Valence Forces a Result of Fracture (The Molecular Structure of Glassy . 


gerated case of pack set (7). However, 
since crystal growth would be more 
likely at high moisture contents than _ 
low, this hypothesis does not appear to | 
explain the action of water as a grinding 7 - 
aid and as a pack set inhibitor in some a 
cases. 

A third explanation of particle ag- 
glomeration during grinding involves — 
surface energy forces which exist on all = 
surfaces and whose intensities depend — 
upon their nature and the degree to — 


D- Fracture 


O= o?— 


@ = Si*+ 


which they are counteracted by exter- 
nally applied forces or screens. Discus-_ 
sion of this phase follows. 


SuRFACE ENERGY FORCES 


Jeffery (8) has shown that the basic 
building block in the molecular structure | 
of C,S and is the tetrahedron 
of silica. Van Vlack (9) has explained 
how the metallic Ca** ions are incor- f 
porated in the molecular structure of 
silica to form calcium silicate. The fact 
that silica (SiO,) is the hardest of the 
three compounds to grind and that 
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grindability of these compounds in- 
creases with the number of Ca ions in- 
cluded in the molecular structure is 
probably significant with regard to struc- 
tural density and defects. Since the lime 
silicates comprise about 80 per cent of 
portland cement composition, it seems 
likely that deductions concerning surface 


Blaine Surface Area, sq cm per g 


2 3 4 5 
Mill Revolutions, 1000's 


Fic. 3.—Typical Lab Mill Grinding Curves, 
With and Without Grinding Aid, at Room 
Temperature. 


energy development can be based on the 
simpler molecular structure of silica. 
The molecular structure of glassy 
silica as illustrated by Wey] (10), is shown 
in Fig. 2. When such a framework struc- 
ture is fractured, the fracture line severs 
electrovalent bonds as shown, causing 
unbalanced primary valence forces of 
opposite polarity to exist on each of the 
two surfaces created by the fracture. 
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Because of this severance of electro- 
valent bonds, Gaudin (11) has likened a 
grinding operation to a chemical reaction. 
Gaudin has further pointed out that 
were it possible to fit together again 
precisely two such newly-formed sur- 
faces before any of the unbalanced 
valence forces have been partially or 
completely satisfied by adsorbed foreign 
ions, the original electrovalent bonds 
holding these two surfaces together 
would be re-established. The particle 
which had been fractured would become 
whole again! 

That this analogy applies to portland- 
cement clinker despite its different com- 
position has been indicated by Hansen 
(12) who views the surface of a particle of 
cement as containing a series of alternate 
Ca** and O™ reaction sites. The absence 
of corresponding Si reaction sites is ex- 
plained by Weyl’s work which indicates 
that the Si cations have probably re- 
tracted from the surface in a molecular 
structural adjustment designed to pro- 
duce minimum surface energy and, 
therefore, maximum surface stability. 
These reaction sites, regardless of their 
identity, appear to coincide with the 
surface energy centers; that is, both 
result from severance of the correspond- 
ing electrovalent bonds. Possibly the 
non-siliceous interstitial material in 
portland-cement clinker similarly con- 
tributes to the surface energy of the 
ground cement particles. 

In actual practice, it is impossible to 
fit together such newly formed surfaces 
precisely and instantaneously after 
fracture. However, the action of the 
grinding media in a revolving mill not 
only fractures existing clinker particles, 
but also violently compresses groups of 
particles already formed, causing ap- 
proximate fitting of some of the residual 
unbalanced valence forces of opposite 
polarity. Thus, agglomerates are formed. 
There is field evidence to show that with 
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mills of large diameter having short mill 
retention times some of these valence 
forces may not be completely satisfied 
even for some time after the cement 
leaves the mill. 

The compression of groups of particles 
is statistically more likely to occur with 
fine particles than with coarse and with 
large diameter grinding media than 
small. In addition, the surface energy 
forces are a direct function of surface 
area produced. Thus agglomeration is 
greater the finer the cement being 
ground. This conclusion is substantiated 
by increasing spread between the tan- 
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TABLE II.—EFFECT OF TYPE OF GYPSUM ON CLINKER GRINDABILITY, WITH 
AND WITHOUT GRINDING AID. 


interground. The fact that the corre- 
sponding Wagner surface area was sub- 
stantially less for the cement without 
gypsum shows a lack of fines when _ 
no gypsum was present and tends to — 
confirm that fineness is the predominant _ 
factor causing ball coating. However, | 
ball coating does develop without gyp- — 
sum when the clinker is ground fine | 
enough. 

The effect of gypsum fineness on sur- 
face energy forces and ball coating is 
complicated by the variable effect of — 
different gypsums on grindability shown — 
in Table II, in which relative grind- 


Without Grinding Aid With Grinding Aid 
Gypsum 

Rev B-SA* SA/Rev” Rev B-SA? SA/Rev? 
3200 5080 1.585 2500 4980 1.995 
3900 4940 1.270 2600 5050 1.950 
3700 4940 1.335 2600 5050 1.950 
3575 4985 1.404 2525 4995 1.990 


@ Blaine surface area. 
> Surface area per revolution. 


gents to the two typical laboratory mill 
grinding curves shown in Fig. 3, the 
deviations from tangents for the lower 
curve indicating increasing development 
of ball coating. 

Gypsum, one of the essential ingredi- 
ents in portland cement, is relatively 
easier to grind than clinker; hence, it is 
the first ingredient to be reduced during 
grinding to a fineness at which strong 
agglomerating tendencies exist. Possibly 
for this reason or static electrical attrac- 
tion of gypsum to steel surfaces, chem- 
ical analyses reveal that gypsum pre- 
dominates in ball coating. Laboratory 
studies by Bond and Agthe (13) show 
less ball coating when grinding a given 
clinker without gypsum to the same No. 
325 fineness than obtained with gypsum 


ability is expressed as Blaine surface 7 
area units per laboratory mill revolution. | 
All gypsums were interground in such 
amounts as to give 2.4 per cent SO; in 
the finished cement. Gypsum C was a 
synthetic by-product gypsum. The range | 
of grindability factors shown is approxi- 
mately 22 per cent of the average for the 
grinds made without grinding aids. 
Possible reasons for these variations are _ 
discussed later. 


ACTION OF GRINDING AIDS 


Grinding aids appear to function by 
coating the cement particles, thus 
“shielding” the forces of interparticle 
attraction which cause agglomeration. 
Based on the surface energy hypothesis 
just proposed, it is technically more 
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accurate to say that the grinding aid 
provides readily available foreign ions 
to satisfy the unsatisfied valence forces 
produced by fracture of the clinker 
during grinding. 

Experience shows that the most effec- 
tive grinding aids are those which are 
polar in nature. Polar compounds, be- 
cause of their asymmetric structure, 
have centers of positive and negative 
charge which are not coincident and 
hence develop a “dipole” moment in a 
force field which causes the dipole to 
orient itself with the direction of the 
force field. For this reason, polar com- 
pounds are preferrentially adsorbed at 
the unbalanced valence force sites as 
the new surfaces are formed and thus 
reduce agglomerating tendency more 
effectively than non-polar compounds. 

Since polar compounds are attracted 
to the specific sites where the surface 
energy forces exist, lesser quantities of 
additive are required to do an effective 
shielding job than when non-polar com- 
pounds are used. As little as 0.01 per 
cent by weight of cement of certain 
grinding aids has been found highly 
effective, although theoretical calcula- 
tions based on molecular weight of the 
grinding aid and the Blaine surface area 
of the cement indicate that ten times as 
much may be needed to “coat” the 
entire surface area of the cement with a 
monomolecular film. 

The amount of additive required to 
obtain effective grinding aid is important 
because of the requirements that (1) the 
use cost of the grinding aid be realistic 
and (2) there be minimum interference 
by the adsorbed grinding aid with the 
normal hydration process of the cement. 
The composition of the grinding aid can 
markedly affect early hydrolysis and 
hydration at even relatively low addition 
rates. This is clearly demonstrated by 
the use of organic retarders, either ad- 
mixed or interground, to supplement 
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gypsum where further delays in set are 
needed to maintain workability over 
longer periods of time. All of the addi- 
tives of this type discussed during the 
ASTM Symposium on Water-Reducing 
Retarders (San Francisco, 1959), as well 
as those reported in the February, 1961, 
Issue of Public Roads were polar com- 
pounds (14,15). 

Ziegler (16) has clearly demonstrated 
the superior grinding aid effectiveness of 
polar compounds by making closely con- 
trolled laboratory grinds with vacuum- 
ized mill. His procedure made possible 
the substitution of various polar and 
non-polar vapors for dry air as the grind- 
ing mill atmosphere. Dipole moment, 
compound volatility, and possibly di- 
electric constant are indicated as being 
factors in the greater effectiveness of the 
polar compounds. Ziegler independently 
obtained photomicrographs similar to 
those of Fig. 1. He attributes grinding 
aid effect to reduction in surface tension 
at the solid-vapor interface as well as to 
reduced agglomerating tendency. 

Water is a polar compound which has 
been recognized as a grinding aid for 
many years and whose grinding aid effec- 
tiveness is limited by its low dipole 
moment and low molecular weight. Its 
shielding effect is not great. To prevent 
detrimental effects on the cement quality 
and warehousing properties, its addition 
rate is usually limited to that which will 
not significantly raise the ignition loss 
of the resulting cement. Water is partic- 
ularly effective when used as a carrier to 
assure proper distribution of high-dipole- 
moment high-molecular-weight organic 
grinding aids, but there have been cases 
wher water, as a carrier, has decreased 
the effectiveness of organic grinding aids 
by causing coating of the mill lining 
plates. 

Gypsum C which gave the poorest 
grindability of the four covered by Table 
II was a synthetic by-product gypsum 
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containing no water of crystallization. 
The low grindability may be due to the 
lack of combined water for partial release 
during grinding to aid in satisfying the 
surface energy forces created by fracture. 
The effect of the natural grindability 
characteristics of the gypsum itself on 
gypsum fineness appears to be slight, 
based on the relatively constant grind- 
ability of the clinker with the four differ- 
ent gypsums when a grinding aid was 
used. This indicated effect of the com- 
bined water in gypsum acting to satisfy 
the unbalanced valence forces formed 
during grinding is substantiated in part 
by one cement company which substi- 
tuted gypsum anhydrite for natural 
gypsum and found that mill grinding 
rate was reduced 6 per cent as a result 
(17). For combined water in the gypsum 
to perform this function it must be re- 
leased as water vapor. Normally the 
instantaneous temperatures at grinding 
media point-of-impact are sufficiently 
high (about 500 F) to cause some of the 
combined water to be so released. 

The use of a grinding aid with the 
various gypsums involved in Table II 
increased the average grindability factor 
42 per cent, from 1.404 to 1.990 sq cm 
per g per rev. At the same time, the 
variable effect of the gypsum, whether 
due to water content or inherent grind- 
ability or both, was reduced to a mini- 
mum. Range of deviations from the 
average grindability factor with a grind- 
ing aid was only 5 per cent, from 1.950 
to 2.060 sq cm per g per rev., in contrast 
to 22 per cent without a grinding aid. 

A careful scrutiny of Fig. 1 will sug- 
gest the probable effects of grinding aids 
and dry dispersion on closed circuit 
grinding. By preventing or minimizing 
agglomeration, air separator rejects are 
cleaner, that is, contain fewer acceptable 
fines, and thus fewer fines are returned 
to the mill for regrinding or, in some 
cases, overgrinding. As a result, air 
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classifier operation is improved, and the 
quantity of “super fines” in the final 
product is reduced. The latter can be 
desirable or not depending upon the 
particle size distribution of the cement 
initially and the collateral effects of dry 
dispersion on mill retention time. The 
adsorption process by which grinding . 
aids attach themselves to particles of 
cement is clearly demonstrated by the © 

fact that chemical analyses of air sep- 
arator fines, feed, and tails show their 
grinding aid content to be proportional | > 
to surface area when the mill and sep- 


Fig. 4.—Angle of Repose of Treated and 


Untreated Cements. 
arator are in equilibrium. The same 
proportionality does not always exist 
when the grinding aid is added as a 
dry powder rather than a water solu- 
tion. 


EFFECT ON MILL RETENTION TIME 


Dry dispersion causes cement to be 
less sticky and, therefore, more free- 
flowing after grinding (18), as well as 
during grinding, as shown by the angles 
of repose of the three piles of cement 
shown in Fig. 4. The two cements on the 
left were ground in a laboratory mill at 
235 F with two different pack set inhibi- 
tors and the cement on the right con- 
tained no processing addition. The indi- 
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vidual piles were formed under constant 
and comparable conditions by using the 
vibrating funnel shown in the upper 
part of the photograph. However, in the 
laboratory grinds, the cement on the 
left, which shows the smallest angle of 
repose, had the same grindability as 
that in the center pile, showing that the 
two processing additions used were 
equally effective grinding aids, although 
unequal in pack set inhibition. This fact 
is significant with regard to the relative 
intensity of the surface energy forces 
causing agglomeration during and after 
grinding. 

The severance of electrovalent bonds 


TABLE III.—REDUCTION IN PACK SET 
TENDENCIES OF TWO CEMENTS. 


indi Blain 
Cement Surface Set 
per cent® Area ndex 
0 2905 46 
0.033 3130 8 
0 3055 15 


@ Amount of grinding aid—solids by weight 
of cement. 


by fracture of clinker particles during 
grinding results in primary valence 
forces of maximum intensity being 
created on the new surfaces at the in- 
stant of fracture. Immediately after 
fracture, however, these intense forces 
of attraction begin adsorbing foreign 
ions from the mill atmosphere or from 
grinding aids when used. Some of them 
may also become coated by non-polar 
contaminants like lubricating oil or 
establish relatively weak bonds with 
their valence opposites on other particles 
thus causing agglomerates. By so doing, 
the surface energy level of the com- 
minuted particles within the mill is 
rapidly reduced, but tests measuring 
quantitatively the pack set or agglomer- 
ating tendency of cement after grinding 
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show that this process of reduction of 
surface energy to its natural minimum 
usually continues at a lower rate for 
several days or weeks after the cement 
leaves the mill. For this reason, aged 
cement has less pack set tendency than 
freshly ground cement at constant tem- 
perature. Degree of aeration after grind- 
ing affects the speed at which minimum 
surface energy levels are reached. 

It seems axiomatic that the rate of 
reduction of the forces causing agglomer- 
ation resulting from foreign ion adsorp- 
tion will be greater at high energy levels 
than at low energy levels. Table III gives 
pack set index data confirming this con- 
clusion (19). Because cement C had a low 
pack set index initially, the addition of 
a polar compound caused only a 2:1 
reduction in agglomerating tendency as 
against a 6:1 reduction for cement A. 
By extrapolation from these data ob- 
tained subsequent to grinding, it can be 
deduced that during grinding the reduc- 
tion in agglomerating tendency due to 
the addition of a grinding aid will be 
considerably greater. It is also interesting 
to note that there appears to be an ir- 
reducible minimum surface energy level 
represented by the pack set indexes of 
7 and 8 for treated cements C and A, 
respectively. 

It can be concluded from these data 
that flowability of the partially ground 
clinker in the mill may be increased 
substantially by intergrinding a process- 
ing addition. Just as reduction in vis- 
cosity by means of an additive will in- 
crease rate of open flow of a heavy oil 
in a gently inclined tube, so flow of ce- 
ment through a mill may be increased 
even though total feed to the mill is held 
constant. Thus dry dispersion of cement 
may and frequently does affect mill re- 
tention time, all other factors being 
constant, and may, in turn, affect mill 
operating efficiency and particle size 
distribution of the finished product. 


Mill retention times have been deter- 
mined using a new procedure specifically 
designed to determine the effect of grind- 
ing aids on the rate at which cement 
particles on which the grinding aid is 
adsorbed move through the grinding 
unit. The method involves the use of 
fluorescein as a tag or tracer additive. 
Fluorescein for this purpose is unique 
for its (1) tremendous spreading power, 
(2) resistance to the alkalinity of the 
cement, (3) ready solubility in water 
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cuited with an air separator is given in 
Fig. 5. 
The astonishing reduction in mill re- 
tention time (MRT) from 4 min to1 
min, resulting from the addition of a | 
grinding aid, not only shows the unusu-— 

» 
ally great dry-dispersing effect of the | 
addition on this particular cement, but — 
warns that certain adjustments must be 
made to control mill retention time if 
commensturate grinding aid benefits are 
to be realized. It is a matter of record 


MRT Blank | 
- —+ 
033 per cent 
MRT (G.A)} Circ. Load | 
2 730 per cent 
| 
= 
16 
/ | 
8 
4 
| 
| 7 
A 
/ 
d | 
' 2 3 


Blank (No Grinding Aid) 
| Cire. Lood 1400 per cent | = 


Grinding Aid. 


used to extract it from cement, and (4) 
ease of quantitative determination by 
means of inexpensive fluorescence meas- 
uring equipment capable of detecting 
as little as 10 ppb by weight of the 
cement. 

A predetermined quantity of fluores- 
cein solution is added to the clinker 
entering the grinding mill; samples of the 
mill discharge cement are taken at ap- 
propriate intervals thereafter, and then 
the fluorescein content of the grab sam- 
ples so taken is determined. A plot of 
fluorescein content against sampling 
time for an 11} by 17-ft. mill close cir- 


Sompie Time, min 


Fic. 5.—Typical Mill Retention Time (MRT) Curve for 11} by 17-ft Mill, With and Without — 


that a commercial grinding aid was, in 
one instance, found to perform as a grind- 
ing inhibitor, probably because of exces- 
sive reduction of retention time. Con- 
trary to normal expectations, its use 
caused a reduction in mill discharge fine- 
ness and an increase in circulating load. 
The remedy which was to reduce the 
grinding aid addition rate by 50 per cent 
was simple and effective, but was not 
conducive to getting maximum savings 
from the use of the grinding aid; in fact, 
abnormally high production rates might 
have been obtained had other means 
been used to control retention time. 
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When mill retention time in open cir- 
cuit grinding is markedly shortened by 
dry dispersion, the reduction in agglom- 
erate formation may be more than com- 
pensated for by the reduced grinding 
time, and a decrease in fineness or pro- 
duction rate will result. If these two tend- 
encies more or less balance, little meas- 
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particle size distributions for the two 
cements were calculated in terms of per- 
centages of particles of various sizes per 
unit of diameter (microns) to demon- 
strate more clearly the primary (impact) 
and secondary (attritional) actions in- 
volved. These data show that the grind- 
ing aid increased impact grinding and 
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Primary Action (Impact) 
With Grinding Aid 
Primary Action 
Without Grinding Aid 


Particle Diameter, 
Cement No. 

Final W-SA 2300 sq cm per g 

Initial W-SA 1860 sq cm per g 


= | + No Grinding Aid 
2 
= 1 Secondary Grinding 
3.0 t 
\ 
& 2.0 Grinding Aid 
ES NY Primary 
war Grinding 

xX DOOX 

20 30 40 50 ‘60 * 


Fic. 6.—Effect of Mill Retention Time on Particle Size Distribution. 


urable change in fineness or production 
rate will result. If the same surface area 
is obtained with a substantial shortening 
of mill retention time, particle size dis- 
tribution may be changed as shown in 
Fig. 6. 

The two cements for which the size 
distribution curves are shown in Fig. 6 
were ground with and without a grinding 
aid to the same Wagner surface area in a 
laboratory batch mill. Grinding time was 
shorter with the grinding aid. Wagner 


decreased attritional grinding. Since at- 
tritional grinding is inefficient because 
the abrading action involved dissipates 
more of the input energy in the form of 
heat, this change in the ratio of impact 
to attritional grinding may explain part 
of the improved mill efficiency obtained 
with a grinding aid. 


CLoseD Circuit GRINDING 


The improvement of separator effi- 
ciency through dry dispersion obtained 
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with a grinding aid has already been 
mentioned. The shortening of mill re- 
tention time through dry dispersion may 
impair mill efficiency by reducing the 
volume of cement in the mill to the point 
where the mill is starving. Under such 
conditions, there is increase in some 
grinding of steel on steel, mill tempera- 
tures rise, and production rate per unit of 
power used is reduced. This may occur at 
identical calculated circulating load per- 
centages with normal or larger than 
normal feed rates to the mill. A correc- 
tive is to increase the per cent circulating 
load, but this is seldom possible since 
most closed circuit units are always 
operated at full capacity of the circulat- 
ing load system when no grinding aid is 
used. 

However, such a corrective does not 
get at the core of the problem and may 
lead to other inefficiencies. For example, 
in the exceptional case illustrated by Fig. 
5, total retention time with the grinding 
aid was approximately 8 minutes, total 
retention time being the mill retention 
time for a single pass through the mill 
multiplied by the number of passes indi- 
cated by the corresponding circulating 
load. The total retention time without 
the grinding aid was approximately 60 
minutes. To obtain a 60-min total 
retention time with the grinding aid, a 

_ circulating load of more than 10,000 per 
cent would be required. Such a circulat- 
ing load would not only be impractical 
but would (1) increase substantially the 

wer consumption per unit of new 
clinker feed, (2) further reduce mill re- 
tention time, and (3) probably cause 

- flushing of unground clinker through the 

mill. Lengthening the mill retention time 

by mechanical adjustment of the mill is 

_ the only practical solution in such a case. 
- With a short mill retention time and 
insufficient circulating load capacity, it is 
likely that a mill will “starve,” that is, 

the ratio of volume of grinding media to 
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volume of clinker being ground will be 
excessive. The ideal ratio of weight of 
grinding media to weight of clinker being 
ground has been shown by various inves- 
tigators to range from 7:1 to 30:1, de- 
pending upon many test factors. The 
current consensus seems to be that 9:1 
is a good average, but this will obviously 
vary with local conditions. It is believed 
that maximum production rate per unit 
of power consumed will be obtained with 
the ideal ratio. 

Knowledge of the mill retention time 
makes it possible to determine the 
amount of partially ground clinker in a 
mill at any instant. Knowing the weight 
of grinding media involved, the ratio of 
grinding media weight to weight of 
clinker being ground can be calculated 
using the following equation: 


15.95W 
R= + 100) (1) 


where: 

W = weight of grinding media, |b, 

: = retention time, min, 

P = production rate, bbl per hr, 

L = circulating load, per cent, and ~ 
15.95 = 60 (min per hr) X 100 (%). 


376 (Ib per bbl) 


If R, = optimum ratio of grinding media — 
weight to weight of clinker, the optimum — 
circulating load, L, , for a given mill re- 
tention time and production rate can be > 
calculated as follows: 


15.95W 
RTP 


(2) 


From this equation, it is clear that opti- | 
mum circulating load for an optimum > 
ratio of grinding media weight to clinker 
weight depends upon mill retention time | 
to a considerable extent, since idan 
time can vary over a large range, and on — 
production rate which for a given fineness 

varies over a small range. Because the © 
circulating load cannot be changed with- 
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out at the same time changing the feed 
rate of new clinker to the mill and affect- 
ing mill retention time, control of circu- 
lating load is of little help in maintaining 
the ideal ratio of grinding media to 
clinker. Mechanical control of mill re- 
tention time offers a useful method of 
accomplishing this objective, thus im- 
proving mill efficiency and particle size 
distribution control. 


CONCLUSIONS 


The foregoing discussion of the mecha- 
nism of grinding aids should be helpful 
in understanding how grinding aids func- 
tion and how to get the most out of their 
use. The author believes that it is just as 
necessary to adjust a grinding mill me- 
chanically to control mill retention time 
and assure optimum, or at least constant 
ratio of weight of grinding media to 
weight of clinker, as it is to adjust an 
automobile carburetor to the octane 
rating of the gasoline used so that maxi- 
mum savings in gasoline consumption 
may be realized. 

Only in this way can maximum mill 
efficiency through the use of a grinding 
aid be assured. Such control should be 
mechanical through the adjustment of 
screen plate openings, increase in density 
of ball loading or elimination of discharge 
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screen plates. Reduction in the amount 
of grinding aid used sometimes helps 
increase mill retention time but seldom 
gives optimum results because agglom- 
eration is thereby only partially reduced. 
Control of the ratio of grinding media 
weight to clinker weight by means of 
controlling circulating load is not pos- 
sible, since retention time varies in- 
versely as the circulating load. 

It is probable that much can be gained 
through the determination of mill reten- 
tion time and ratio of grinding media 
weight to clinker weight. Not only will 
grinding aid effectiveness be improved, 
but product quality uniformity may be 
enhanced by better control of particle 
size distribution of cement during grind- 
ing. 
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DISCUSSION 


Mr. W. C. HANSEN! (presented in 
written form)—Mr. Mardulier is to be 
congratulated on clarifying the mecha- 
nism by which grinding aids function in 
the grinding of portland cement. This 
discussion is an attempt to furnish addi- 
tional information regarding the con- 
clusions of the author. 

Weyl? points out that the surfaces of 
particles of MgO in powdered periclase 
do not contain the expected number of 
Mg** ions but consist primarily of 
polarized O= ions because the strong 
potential field of the small and weakly 
polarizable Mg** ion raises the surface 
energy much more than that of the large 
and polarizable O= ion. Accordingly, the 
particles of MgO repel each other be- 
cause of the excess negative charges 
carried by their surfaces. 

In the case of 3 CaO-SiO2, the crys- 

1 Consulting Chemist, Valparaiso, Ind. 

2W. A. Weyl, “A New Approach to Surface 
Chemistry and Heterogeneous Catalysis,” 


Bulletin No. 57, Mineral Industries Experiment 
Station, Pennsylvania State College, State 


College, Pa. runs 


tals contain four positive Ca** and Si*+ 
ions to five negative Om ions. In 3 CaO- 
Al.O; there are five positive and 
Al’+ ions to six negative ions. Even 
though the positive ions are less polariza- 
ble than the Om ions, they probably are 
numerous enough to give particles with 
surfaces that contain about 
amounts of positive and negative 
charges. Hence particles of portland 
cement should not repel each other to 
any great extent and, as the author 
points out, might readily form agglom- 
erates under the impact of the balls 
during grinding. 

The author points out that the effi- 
ciency of a compound as a grinding aid 
is a function of its dipole moment. In 
this connection, Lewis* presents evidence 
to show that the deflocculation of Al,O; 
particles in suspensions is not compatible 
with the double-layer theory for the 
deflocculation of suspensions but is com- 


3 Arthur E. Lewis, “‘Polar-Screen Theory for 
the Deflocculation of Suspensions,’’ Journal, 
Am. Ceramiic Soc., Vol. 44, pp. 233-239 (1961). 
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patible with a polar-screening theory. 
Alumina particles are similar to those 
of MgO in which the small weakly 
polarized cation is screened by the highly 
polarized O™ ion to give particles with 
surfaces that are negatively charged. 

In distilled water the negative charge 
of the Al,O; particle is neutralized by 
the adsorption of H;O+ ions and the 
particles are flocculated. When a base 
is added to the water, the H;0* ions 
are removed and the suspension can be 
deflocculated by the adsorption of polar 
ions or polar molecules. In this case, 
there appeared to be no deflocculation 
except by ions or molecules capable of 
hydrogen bonding with the O™ ions in 
the surface of the grain of AlO;. The 
greatest success was obtained with 
organic acids capable of strong hydrogen 
bonding. A much weaker deflocculation 
was obtained with compounds capable 
of weak hydrogen bonding, such as 
glycerin and sugar. 

In order to demonstrate the incom- 
patibility of the double-layer theory, 
Lewis carried out experiments with Al,O3; 
suspensions in benzene, a nonpolar 
liquid. Various organic acids were added 
to the benzene, and since they would 
not ionize in this solvent, their defloccu- 
lating ability must have been the result 
of the adsorption of the polar molecule 
by hydrogen-bonding and not by the 
adsorption of a charged ion. Acids with 
dipole moments were effective defloccu- 
lants, whereas those with zero dipole 
moments were not. Lewis states “The 
failure of the acids with zero dipole 
moment to produce deflocculation is 
expected because all the acids with zero 
dipole moment tested have a symmetri- 
cal distribution of COOH groups that 
permits strong hydrogen bonding of the 
groups to each other.” 

It seems that there might be a marked 
similarity between a suspension exposed 
to a polar compound in a solvent such 
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as benzene and a powder interground 
in a ball mill with a polar compound. 
It appears, therefore, that the work by 
Lewis supports the conclusions of the 
author with respect to the type of sur- 
face forces involved in the grinding of 
portland cement and the mechanism 
by which the agglomerates are defloccu- 
lated. 

The author points out that anhydrous 
calcium sulfate is very ineffective as a 
grinding aid, whereas gypsum appears 
to act to some extent as a grinding aid. 
This has been explained on the basis 
that the latter liberates water during 
grinding and that this water produces a 
conducting atmosphere. It would seem 
that gypsum might be capable of hydro- 
gen bonding with the cement particles 
and in that way function as a grinding 
aid. The author suggests that water is 
adsorbed as a dipole molecule and is a 
mild grinding aid. It seems that the 
adsorption of the gypsum by hydrogen 
bonding might be superior from the 
standpoint of the grinding aid effect 
than the adsorption of the same quan- 
tity of water. Adsorbed water might 
migrate into the crystals and have very 
little effect in changing the charge on 
the surface of the crystal. 

These papers by Mardulier and Lewis 
bring to mind a statement made by 
Bello* in discussing an experiment in 
biology. He stated “Like many of the 
great experiments in science, it showed 
that what everyone believed to be so 
was not so.” It has generally been be- 
lieved that the agglomerating forces in- 
volved in grinding were static charges. 
Likewise, one hears statements to the 
effect that cement suspensions show a 
zeta potential because of double-layer 
adsorption. The work of Lewis on sus- 
pensions of alumina suggests that this 
might not be true. 


4Francis Bello, “Great American Scientists; 
The Biologists,” Fortune, June, 1960, p. 229. 
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Mr. F. J. MARDULIER (author’s closure 
by letter) —Mr. Hansen’s discussion, 
showing that investigators in other fields 
have obtained results tending to support 
the hypothesis presented in “‘Mechanism 
of Grinding Aids,” is much appreciated. 

There seems to be complete agreement 
on the essential item that surface energy 
forces cause agglomeration during grind- 
ing. However, the precise mechanism by 
which grinding aids are adsorbed by 
particle surfaces and thus reduce the 
surface energy forces causing agglomera- 
tion remains somewhat in doubt. Dipole 
moment of the grinding aid is a major 
factor but not the only one. Also, the 
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rate at which minimal surface energies 
are reached as a result of the adsorption 
of foreign ions and the structural ad- 
justment of the surface molecules is still 
controversial. 

Fortunately, final resolution of these 
mechanism matters is not necessary for 
the satisfactory application of the sur- 


face energy hypothesis to practical field — 


problems involving grinding and pack 
set. The hypothesis as presented has 
been found to be a useful tool and guide 
in analyzing and improving grinding 
operations, and in explaining pack set 
phenomena. 
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VARIATION IN POZZOLANIC BEHAVIOR OF FLY ASHES* 


By Ropert D. VINCENT,' MANUEL MATEOS,? AND DonaLp T. Davipson® 


Pozzolans* may be either natural or 
artificial. Natural pozzolans include 
some volcanic ashes, diatomaceous earth, 
and bauxite. Artificial pozzolans include 
heat-treated clays and shale, blast-fur- 
nace slag, and fly ash. 

Fly ash, produced at power plants 
which burn pulverized coal for fuel, is 
collected as a by-product from stacks 
either by electrical or mechanical pre- 
cipitators. The production of fly ash in 
the United States reaches 10 million tons 
annually. With such a great quantity 
produced, there is naturally much in- 
terest in finding commercial uses for it. 
Some of the promising and established 
uses for fly ash are: as a grouting com- 
ponent, as a mild abrasive, as a filtering 
medium, as an admixture in structural 
and mass concrete, and as a soil stabi- 
lizer (1).° 

The use of fly ash in soil stabilization 
for roads and other kinds of pavements 
has been prompted by its low cost and 
the shortage of good natural base-course 
materials in many areas. Soil stabiliza- 
tion with lime - fly ash mixtures is still 
in the experimental stage, but many 
~ * Presented at the Sixty-fourth Annual 
Meeting of the Society, June 25-30, 1961. 

1 Captain, U. S. Army Corps of Engineers, 
Kansas City District, Kansas City, Mo. 

2 Research Associate and Instructor of Civil 
Engineering, Iowa State University of Science 
and Technology, Ames, Iowa. 

3 Professor of Civil Engineering, Iowa State 
University of Science and Technology, Ames, 
Iowa. 

41958 Book of ASTM Standards, Part 4. 


5 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 
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streets and highways have been so con- 
structed, and recent reports indicate 
that most of the projects are satisfac- 
tory (12). Roads have been built with 
lime - fly ash stabilized soils in Pennsy]l- 
vania, Maryland, New Jersey, and Iowa. 

The Soil Research Laboratory of the 
Engineering Experiment Station of Iowa 
State University of Science and Tech- 
nology has been investigating the use of 
lime and fly ash for soil stabilization 
with the assistance of the Iowa State 
Highway Commission and several pri- 
vate companies. In 1957 test sections of 
primary road totaling approximately 
3000 ft of lime - fly ash stabilized base 
and 1000 ft of lime - fly ash stabilized 
sub-base were constructed near Colfax, 
Jasper County, Iowa. After four winters, 
these experimental sections are in ex- 
cellent condition. This, field trial is still 
under investigation and a final report 
will be made soon (6). 

In investigations to correlate strength 
of lime - fly ash mixtures with chemical 
or physical properties of pozzolans, only 
general indications were obtained (2,7). 
However, on the basis of these and 
similar investigations, tentative speci- 
fications for use of pozzolans in concrete, 
based mostly on chemical and physical 
properties, have been established (10).* 

More information is needed on the 
lime - fly ash reaction, particularly about 
products formed, and on the effects of 
chemical and physical properties, crys- 
talline structure, and heat of reaction on 
strength of lime - fly ash mixtures. 


TABLE I.—PHYSICAL PROPERTIES OF FLY ASHES. 


Per Cent Per Cent Per Cent Specific . roscopic 
Fly Ash ing No. i . | Passing No.| Gravity,¢ | Specific oisture 
— 100 ‘Seve. 200 Steve 325 ‘ove. sq g| Surface Content, 
per cent 
99.0 93.9 73.6 2.39" 2950° 0.03 
98.1 93.2 68.2 2.61° 3070° 0.03 
97.2 94.1 75.7 2.61" 2720° 0.03 
98.2 90.1 70.8 4490° 0.02 
94.3 80.9 54.9 2.37 4550 0.08 
93.5 86.8 49.8 2.39 2663 0.03 
92.1 85.7 51.3 2.04 3112 0.07 
89.8 64.3 22.6 3.43 576 0.01 
No. 11 98.2 91.6 31.8 2.82 1460 0.01 
No. 12 90.0 72.5 54.9 2.34 4240 0.11 
53.0 24.7 14.0 2.15 1903 0.06 
95.1 82.3 64.8 2.69 2048 0.05 
93.1 75.4 57.4 2.33 1730 0.02 
98.6 86.7 57.6 2.44 2109 0.03 
99.4 94.4 86.1 2.60 3226 0.04 
91.6 73.7 47.0 2.43 3649 0.08 
96.9 84.5 80.7 2.34 2539 0.02 
cS See 90.0 70.8 53.9 2.22 1990 0.02 
* Tests by Robert W. Hunt Co., Chicago, IIl. 
» Data supplied by Detroit Edison Co., Detroit, Mich. 
TABLE II.—CHEMICAL COMPOSITION OF FLY ASHES. 
7 Chemical Analysis, weight per cent 
Fly Ash 
SiOz AhOs CaO MgO SOs 
41.60 25.07 24.90 2.21 2.08 0.69 6.0 
40.50 22.30 18.40 2.20 0.87 0.97 8.0 
No. 3.. 47.00 18.40 24.00 1.65 0.84 0.55 3.5 
>? ae 41.90 25.84 22.48 2.68 0.98 0.79 4.5 
No. 5.. 57.50 6.0 22.2 1.20 0.80 0.45 4.5 
42.4 21.9 21.1 5.5 0.7 3.4 3.4 
36.20 16.68 15.80 8.3 0.92 1.47 18.55 
No. 8.. 36.68 24.33 21.29 3.45 0.98 2.02 7.20 
No. 9.. 43.72 18.37 16.87 6.04 1.32 1.09 8.70 
No. 10.. 11.26 68.40 0.90 12.27 0.25 3.19 0.70 
No. 11.. 40.09 36.65 13.13 5.80 0.30 2.36 0.15 
No. 12.. 38.50 16.20 18.08 3.25 0.17 1.05 13.89 
No. 13.. 28.26 22.16 9.88 8.35 0.66 1.09 28.06 
No. 14.. 35.32 43.35 7.75 5.33 0.88 1.37 3.75 
No. 15.. 39.16 30.22 11.92 11.60 0.77 1.86 2.85 
No. 16.. 40.50 20.84 12.40 10.56 0.33 1.98 7.80 
No. 17.. 45.6 17.2 21.4 6.9 | 2.3 4.7 
No. 18.. 42.5 20.0 23.4 5.7 0.8 2.3 2.6 
No. 19.. 41.6 11.9 34.7 2.1 1.3 0.8 6.9 
35.94 19.63 18.19 6.89 0.85 1.86 15.59 
No. 21. 51.2 20.2 10.0 6.3 1.6 eS | 1.0 
No. 22. 43.48 21.35 19.77 5.48 0.67 0.79 6.40 


| 


The aim of this investigation was to 
determine the relative effectiveness of 
different fly ashes for soil stabilization 
and also to attempt to correlate the un- 
confined compressive strength of com- 
pacted lime - fly ash mixtures with fly 
ash properties by isolating groups of fly 
ashes having several similar characteris- 
tics. The pozzolanic reaction of lime and 
fly ash was investigated with the use of 
unconfined compression tests, as this is a 
satisfactory criterion of fly ash reactivity 
with lime (8). To reduce variables, no soil 
was used and all test specimens were of 
commercial hydrated lime (calcitic or 
dolomitic), fly ash, and distilled water. 


MATERIALS 
Fly Ashes: 


A selection was made to represent a 
good coverage of the major production 
factors believed to influence the proper- 
ties and behavior of fly ashes, such as 
type of coal, the method of pretreatment 
of the coal, particle size of the coal, the 
type of burner, and the method of col- 
lection. The physical properties and 
chemical composition of the fly ashes 
used are shown in Tables I and IL. 

Descriptions of fiy ash sources and 
their production are listed below. 


Sample 1 was collected by multiple cy- 
clone and electrical precipitators. The coal 
is from Districts 8 and 3 in Ohio and north- 
ern West Virginia. It is processed through 
pulverizing mills so that 70 per cent passes 
a No. 200 sieve. The sample was sent from 
the Conners Creek Power Plant of the De- 
troit Edison Co., Detroit, Mich. 

Sample 2 was collected by electrical pre- 
cipitators. The coal is also from Districts 8 
and 3 in Ohio and northern West Virginia 
and is processed through pulverizing mills 
so that 70 per cent passes the No. 200 sieve. 
The sample was sent from the Marysville 
Power Plant of the Detroit Edison Co. 

Sample 3 was collected by multiple cy- 
clone and electrical precipitators. The coal 
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is also from Districts 8 and 3 in Ohio and 
northern West Virginia and is processed 
through pulverizing mills so that 70 per cent 
passes the No. 200 sieve. The sample was 
sent from the River Rough Power Plant of 
the Detroit Edison Co. 

Sample 4 was collected by multiple cy- 
clone and electrical precipitators. The coal 
is also from Districts 8 and 3 in Ohio and 
northern West Virginia and is processed 
through pulverizing mills so that 70 per cent 
passes a No. 200 sieve. The sample was sent 
from the St. Clair Power Plant of the De- 
troit Edison Co. 

Sample 5 was collected by electrical 
precipitators. The coal is from District 8, 
east Kentucky and West Virginia and is 
processed through pulverizing mills so that 
70 per cent passes a No. 200 sieve. The 
sample was sent from the Trenton Channel 
Power Plant of the Detroit Edison Co. 

Sample 6 was collected by mechanical 
equipment. The coal is from western Ken- 
tucky and is crushed in bowl type crushers. 
The sample was sent from the Du Pont 
Neoprene Plant (adjoining Paddy’s Run 
Station) south of Louisville, Ky. 

Sample 7 was collected by mechanical 
precipitators. The coal is from northern 
Illinois and is burned in a Springfield boiler. 
This sample, from the Sixth Street Station 
in Cedar Rapids, Iowa, was sent by the Iowa 
Electric Light and Power Co. 

Sample 8 was collected by mechanical 
equipment. The coal is from northern 
Illinois and is burned in a Babcock & Wil- 
cox boiler. This sample, from the Sixth 
Street Station in Cedar Rapids, Iowa, was 
sent by the Iowa Electric Light and Power 
Co. 

Sample 9 was collected by mechanical 
equipment. The fuel is a mixture of northern 
Illinois coal (65 per cent) and residue from 
furfural production (35 per cent) and is 
burned in a Babcock & Wilcox boiler. This 
sample, from the Sixth Street Station, 
Cedar Rapids, Iowa, was sent by the Iowa 
Electric Light and Power Co. 

Sample 10 was collected by mechanical 
(centrifugal) precipitators. The coal is from 
Illinois and is pulverized in a ball mill prior 
to burning. The sample, from the Riverside 
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Station Power Plant at Davenport, Iowa, 
was sent by the Iowa-Illinois Gas and 
Electric Co. 

Sample 11 was collected by mechanical 
precipitators (multicone dust collector). The 
coal is from Iowa (Monroe, Polk, Marion, 
and Mahaska Counties); it is unwashed 
steam coal which is pulverized and tangential 
fired. The sample was from the Des Moines 
Power Plant of the Iowa Power and Light 
Co. 

Sample 12 was collected by mechanical 
equipment (VGR multicone). The coal (from 
southern Illinois) is washed, dried, and 
pulverized with Riley mills. The sample was 
sent from the Waterloo Power Plant by the 
Iowa Public Service Co. 

Sample 13 was collected by mechanical 
precipitators. The coal is from Iowa and 
burned on spreader stokers without being 
pulverized. The sample was from Bridgeport 
Station Power Plant, Eddyville, Iowa, of the 
Iowa Southern Utilities Co. 

Sample 14 was collected by mechanical 
precipitators (cyclone type). The coal is from 
several Missouri and Kansas mines. The 
coal is pulverized and burned in suspension 
in Combustion Engineering boilers. The 
sample was sent from the Hawthorne Station 
Power Plant of the Kansas City Power and 
Light Co., Kansas City, Mo. 

Sample 15 was collected by mechanical 
precipitators (cyclone type). The coal is 
from Missouri and is pulverized and burned 
in suspension in Combustion Engineering 
boilers. The sample was from Montrose Sta- 
tion Power Plant of the Kansas City Power 
and Light Co. 

Sample 16 was sent by the Kansas City 
Power and Light Co., Kansas City, Mo. No 
data are available on the source. 

Sample 17 was collected by electrical 
precipitators. The coal is from western 
Kentucky and is crushed in ball mills. The 
sample, from the Cane Run Power Plant 
south of Louisville, Ky., was sent by the 
Louisville Gas and Electric Co. 

Sample 18 was collected by electrical 
precipitators from a dry-bottom-type of 
boiler using unwashed coal from western 
Kentucky. The sample was from Paddy’s 
Run Power Station at Louisville, Ky., of the 
Louisville Gas and Electric Co, ae 
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Sample 19 was collected by mechanical 
collectors. The coal is from the Birmingham, 
Ala., area and is crushed in bowl crushers. 
The sample was from the Barry Power Plant 
at Mobile, Ala. 

Sample 20 was collected on electrical 
precipitators from a dry-bottom-type of 
boiler using southern [Illinois coal. For 
economic reasons, the boilers are operated at 
110 per cent of rated capacity, with a low- 
ering of combustion efficiency. This sample 
was from the Venice Station Power Plant 
near St. Louis, Mo., of the Union Electric 
Co. 

Sample 21 was collected by electrical 
precipitators. The coal is from southern 


TABLE III.—CHEMICAL ANALYSIS, 
WEIGHT PER CENT.* 


Hydrated Limes 
Dolomitic | Calcitic 

Silicon dioxide........... 0.4 0.28 
Iron and aluminum oxide. 0.3 0.6 
Magnesium oxide......... 31.8 0.59 
Sulfur trioxide........... 3.3 0.25 
Carbon dioxide........... 1.0 no data 
Total calcium oxide....... 48.8 73.82 
Available calcium oxide...| 47.1 70.3 
Loss on ignition.......... 17.1 24.1 
Combined H20........... 18.0 no data 


“Supplied by the U. S. Gypsum Co. 


Illinois and is crushed in a bowl crusher. The 
sample was from the Meramec Station Power 
Plant south of St. Louis, Mo. (near Jefferson 
Barracks), of the Union Electric Co. 

Sample 22 was from the Oak Street Power 
Station by the Wisconsin Electric Power Co. 
No data are available on the source of coal or 
method of fly ash collection. 


Limes: 


The two commercial-grade limes used 
in this investigation were furnished by 
the U. S. Gypsum Co. One is hydrated 
calcitic lime, Ca(OH)2, brand name 
Kemikal, and the other is type N mono- 
hydrate dolomitic lime, Ca(OH)2 + 
MgO, brand name Kemidol. The calcitic 
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lime was produced at New Braunfels, 
Tex., and the dolomitic lime was pro- 
duced at Genoa, Ohio. The typical 
properties of these limes are shown in 
Table III. Commercial-type limes were 
used because the primary purpose of this 
investigation was to compare relative 
strengths obtained from mixtures with 
the different fly ashes, to facilitate selec- 
tion of fly ashes for future field and 
laboratory tests of soil-lime-fly ash 
stabilization. 


Water: 


Distilled water was used so that re- 
sults could be reproducible and so that 
there would be no possibility of the lime 
and fly ash reaction being affected by 
impurities that might be present in tap 
water. 


LABORATORY INVESTIGATION 


Analyses: 

The chemical analyses of most of the 
fly ashes were performed by the Robert 
W. Hunt Co. The sieve analyses of fly 
ashes for determining the percentage 
passing the No. 100, No. 200, and No. 
325 mesh sizes were performed on two 
separate samples of each fly ash. One 
hundred grams of fly ash were sieved 
through the No. 100 and No. 200 sieves 
to determine the per cent passing through 
each. After shaking 5 min with a mechan- 
ical shaker, the sieves were washed and 
the residue on each sieve was dried in an 
oven at 105 C. The procedure for deter- 
mining the percentage passing the No. 
325 sieve was the same except that only 
50 g of fly ash were used. 
Proportioning and Mixing: 


Two mix proportions 1:4 and 1:9 by 
weight of lime and fly ash, were used 
with each fly ash for both types of lime. 
The moisture contents of the mixes were 
computed as percentages of the total dry 
weight of ingredients. Sufficient materials 
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were added to make 4 test specimens of 
each mixture for preliminary work and 
10 specimens for the final work. The ma- 
terials to be tested were first dry mixed 
for 30 sec in a Hobart mixer (model 
C-100) at low speed and then hand 
scraped. The calculated volume of water 
was added and mixed for 2 min. This 
mix was hand scraped and then mixed 
for an additional 2 min. 


Molding: 


The strength test specimens were 
molded cylinders 2 + 0.05 in. high and 
2 in. in diameter. The wet lime and fly 
ash mixture was placed in the molding 
cylinder in one layer and compacted five 
times on each end by a 5-lb hammer 
dropping from a height of 12 in. (3,5). 
The double plunger action of the appara- 
tus resulted in uniform density through- 
out the specimen. The resulting density 
was approximately equal to standard 
Proctor density (5). After molding, the 
specimen was extruded, weighed to the 
nearest 0.1 g, and then measured to the 
nearest 0.001 in. During molding, a wet 
cloth was kept over the bowl to antes 
drying of the mixture. 


Curing: 
Preliminary Investigation. —Specimens 
to be moist cured were wrapped in 
waxed paper, sealed with cellophane 
tape, and placed in a humidity room in 
which the temperature was 70 + SF 
and the humidity was above 80 per cent. 
Specimens were cured 7 days before being 
totally immersed in water for 1 day. 
Specimens to be oven cured were 
wrapped in Saran wrap (or two layers of 
waxed paper), sealed with cellophane 
tape, and placed in an oven at 100 F for 
6 days before 1-day immersion in water. 
Only a few mixtures were oven cured. 
Final Investigation—All_ specimens 


were wrapped in waxed paper, sealed 
with cellophane tape, and placed in a 
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humidity room in which the temperature 
was 70 + 5 F and the humidity was over 
80 per cent. Specimens were allowed to 
cure for periods of 7 days, 28 days, or 4 
months before 1-day immersion. 


Testing: 


All specimens were tested for uncon- 
fined compressive strength at a rate of 
load travel of 0.1 in. per min. This test- 
ing procedure was selected because of 
its simplicity. Three specimens were 
tested for each condition, and average 
strengths were recorded. This is in ac- 
cordance with ASTM Method of Test 
C 109° which requires a minimum of 3 
specimens for each set of curing condi- 
tions.* Specimens that differed by more 
than 10 per cent from the average value 
of test specimens made from the same 
mix and tested at the same age were not 
considered in determining compressive 
strength. If two specimens were rejected, 
new specimens were prepared. 


Procedure: 


Preliminary Investigation—The work 
done during the preliminary study was to 
determine the moisture-strength and 
moisture-density relationships. Three 
specimens were molded at a given mois- 
ture content, weighed, and measured, 
then retained for strength tests after 7 
days curing and 1 day immersion. This 
procedure was continued by increasing 
moisture content 4 to 5 per cent each 
time. Moisture-density and moisture- 
strength curves were then plotted to 
determine the optimum moisture con- 
tents for density and strength. 

Final Investigation—The specimens 
for final work were molded at the mois- 
ture contents found in the preliminary 
work. When the optimum moisture con- 
tents for strength and density did not 

® Method of Test for Compressive Strength 
of Hydraulic Cement Mortars (Using 2-in. 


Cube Specimens) (C 109-58), 1958 Book of 
ASTM Standards, Part 4, p. 124. 
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coincide, a compromise was made by 
selecting a moisture content which mini- 
mized the total percentage deviation 
from both maximum strength and maxi- 
mum density. An example of this pro- 
cedure is given in Appendix I. Nine 
specimens of each mix were molded at 
the selected moisture content, wrapped, 
and placed in the humidity room. Speci- 
mens were cured as follows, before 1-day 
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Fic. 1.—Comparison Between Fineness and 
Chemical Composition of Fly Ashes Used. 


immersion and strength testing: speci- 
mens Nos. 1, 4, and 7, 7 days; specimens 
Nos. 2, 5, and 8, 28 days; and specimens 
Nos. 3, 6, and 9, 4 months. 


PRELIMINARY INVESTIGATION 
Fly Ash Analyses: 


The results of physical and chemical 
analyses of the fly ashes were compared 
to determine if there was any good cor- 
relation between physical properties and 
chemical composition. The per cent car- 
bon and the per cent SiOz + RO; 
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(R2O; = AlO; + Fes) in each fly ash 
were compared with the per cent of the 
total sample passing the No. 200 and 
No. 325 sieves (Fig. 1). The sieve 
analyses give indications of both the per 
cent carbon and the per cent reactive 
materials (SiOz + R2Os). 

The various fly ash collection methods 
were compared to determine the in- 
fluence of this variable on physical 
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lected by electrical methods. However, 
with only three fly ashes collected by 
electrical-mechanical methods available, 
no definite conclusions should be drawn. 

The specific surface of each fly ash 
sample was compared with the per cent 
carbon and the per cent passing No. 325 
sieve as shown in Fig. 2, but the corre- 
lation was not good. The fly ashes that 
varied considerably from the others were 


TABLE IV.—COMPARISON OF PHYSICAL PROPERTIES AND CHEMICAL COMPO- 
SITION OF FLY ASHES ACCORDING TO METHOD OF COLLECTION.* 


Property Electrical Mechanical Electrical-Mechanical 
Passing No. 100 sieve............ 96.45 90.11 98.1 
(91.6-99.4) (53 .0-98.2) (97 .2-99.0) 
Passing No. 200 sieve............ 87.35 76.10 93.73 
(73.7-94.5) (24.7-91.6) (93.2-94.1) 
Passing No. 325 sieve............ 73.3 49.85 72.5 
(47 .0-86.1) (14.0-80.2) (68 .2-75.7) 
(2.26-2.60) (2.04-3.43) (2.39-2.61) 
Specific surface.................. 3628 2442 2913 
(2539-4550) (576-4550) (2720-3070) 
45.54 35.74 43.5 
(35 . 94-57 .50) (11.26-43.72) (41.6-—47.0) 
(6.0-22.30) (11.9-68.4) (18 .40-25.84) 
(10.0-23.4) (0.90-34.7) (22 .48-24.90) 
4.87 6.54 2.18 
(1.2-6.9) (2.1-12.27) (1.65-2.68) 
(0.80-1.6) (0.17-1.32) (0.84-2.08) 
3. 1.79 0.68 
(0.45-2.3) (0. oo 4) (0.55-0.79) 
(1.0-15.59) (0. 15-28 .06) (3.5-6.0) 


* Upper figures are averages. Lower figures indicate maximum and minimum. 


properties and chemical composition of 
the fly ashes used. Table IV shows the 
comparison of electrical, mechanical, and 
combination electrical-mechanical col- 
lection methods. Generally the fly ashes 
collected by electrical methods are finer 
and hence contain more reactive material 
and less carbon than the fly ashes col- 
lected by mechanical methods. The three 
fly ashes collected by combination elec- 
trical-mechanical methods appear to 
have physical properties and chemical 
properties similar to the fly ashes col- 


those that were exceptionally coarse 
(samples 10 and 13) or had exceptionally 
high carbon content (samples 7 and 13). 
It appears that specific surface is a func- 
tion of fineness and carbon content. It is 
believed that the specific surface is in- 
fluenced by both the external and inter- 
nal surfaces of particles of carbon (2). 
Consequently, increase in the carbon 
content of fly ash may be accompanied 
by an increase in total surface area, even 
though the external surface area and the 
actual fineness of the fly ash decrease 
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Fic. 2.—Comparison of Specific Surface with Carbon Content and Fineness of Fly Ashes Used. 


TABLE V.—MOLE FRACTIONS OF CHEMICAL COMPOSITION OF FLY ASHES USED.* 


Chemical Components* 
Fly Ash 

SiO» (60)* |FexOs (102)¢| CaO (56)¢ | MgO (40)* | SOs (80° (12)¢ 
No. 1 40.9 9.3 14.4 2.3 3.1 0.5 29.5 
No. 2 38.0 7.9 12.6 2.2 1.2 0.7 37.4 
og ae 52.9 7.8 15.8 2.0 1.4 0.5 19.6 
ae ce 45.5 10.6 14.3 3.1 1.6 0.6 24.3 
>= CiaRaCS: 58.6 2.3 13.3 1.3 1.2 0.4 22.9 
No. 6 47.4 9.2 13.8 6.6 1.2 2.9 18.9 
No. 7 23.3 4.0 6.0 5.7 0.9 0.7 59.4 
36.2 9.1 12.4 3.7 1.5 1.5 35.6 
No. 9 38.5 6.1 8.7 5.7 1.7 0.7 38.6 
19.7 45.4 0.9 23.1 0.6 4.2 6.1 
No. 11. 56.6 19.5 10.9 8.8 0.7 2.5 1.0 
No. 12. 29.8 4.7 8.2 2.7 0.2 0.6 53.8 
14.6 4.3 3.0 4.6 0.5 0.4 72.6 
No. 14.. 42.6 19.7 5.5 6.9 1.6 1.2 22.5 
No. 15.. 45.1 13.1 8.1 14.4 1.3 1.6 16.4 
No. 16. 37.3 7.3 6.8 10.5 0.4 1.4 36.3 
 ageaphRiessiane.. 46.1 6.5 12.7 7.5 1.7 1.8 23.7 4 
49.6 8.8 16.0 7.1 1.4 2.0 15.1 
39.3 4.2 19.3 2.2 1.9 0.6 32.5 
No. 20.. 25.4 5.2 7.5 5.2 0.9 1.0 54.8 
Se ee 63.9 9.5 7.3 8.5 3.0 1.6 6.2 
No. 21.. 42.4 7.9 11.3 5.7 1.0 0.6 31.1 


@ Based on determined composition only. 
+ By per cent of assumed total moles present. 
© Formula weights based on molecular weights of elements in each components (18). 
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(2). Therefore, specifi. surface was not 
used in further correlation studies. 

Since the correlation studies also were 
to be made on the basis of chemical 
composition of fly ashes used, a table of 
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mole fractions was prepared (13). For 
this study, the weight per cent of un- 
known chemical components (approxi- 
mately 5 per cent) was neglected. The 
weight per cent of each component was 
divided by the formula weight (Table V) 
to obtain the mole fraction. The mole 
fractions of chemical components are also 
shown in Table V. 
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bos 
Moisture-Density and Moisture-Strength 
Studies: 


Initially, moisture-density and mois- 
ture-strength studies were made for all 
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Fic. 4.—Carbon Content of Fly Ashes Ver- 
sus Optimum Moisture Content for Maximum 
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tures. 


fly ashes with calcitic hydrated lime at 
ratios of 1:4 and 1:9. Mixtures for which 
all specimens failed during immersion 
after moist curing for 7 days at 70 F were 
reevaluated after 6 days at 100 F. 

Five representative fly ashes, samples 
2, 6, 7, 11, and 19, were selected for 
studies with dolomitic lime in a 1:4 ratio. 
Since the optimum moisture contents for 


| + 
J 
° 
3 Caicitic Lime: Fly Ash::1:9 
+ + 
+ 
| + 
att 
+ 
+ 
| 
) 


dolomitic lime-fly ash mixtures and 
calcitic lime - fly ash mixtures are approx- 
imately the same, also verified by other 
investigators (14), it was decided to use 
the same moisture contents for both 
limes. 

It was observed that the moisture 
content for maximum strength was 
generally below the moisture content for 
maximum dry density. This relationship 
is shown graphically in Fig. 3. It should 
be pointed out that in one case, sample 
9, the moisture content for maximum dry 
density was not obtained because the 
specimens were too plastic and slumped 
slightly, making measurements inac- 
curate. 

The moisture content for maximum 
dry density of lime- fly ash mixtures 
correlates reasonably well with the per 
cent carbon content (see Fig. 4), and to 
a lesser extent with specific surface of 
the fly ashes. This relationship between 
moisture content and carbon content 
agrees with previous findings (2,4). Some 
of the exceptions to this are samples 13 
and 20, which were extremely coarse. 
These observations seem to indicate that 
the molding moisture requirement for 
lime - fly ash is a function of the carbon 
content and the fineness of the fly ash. 

It was observed in molding the lime - 
fly ash mixtures that in some cases the 
mix behaved as a poorly graded sand 
and in other cases “bulked” (for example, 
sample 7). This “bulking” was not un- 
expected, since many of the fly ash 
particles are spherical in shape. The 
moisture-density curves generally were 
very flat over a range of 5 to 8 per cent 
of moisture content, with a gradual slope 
on the dry side and a steep slope on the 
wet side of optimum moisture content. 


FINAL INVESTIGATION 


The fly ashes were mixed with both 
calcitic and dolomitic limes in ratios of 
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1:4 and 1:9 by weight, at moisture con- 
tents previously determined, and speci- 
mens were prepared for unconfined com- 
pression testing. The results of the 
unconfined compression tests were ana- 
lyzed to determine the relative strengths 
with different fly ashes and the influence 
on strength of fly ash physical proper- 
ties and chemical composition and type 
or quantity of lime. 


Unconfined Compression Test Results: 


The strengths after immersion for 
calcitic lime - fly ash mixtures are shown 
in Fig. 5 (a) and (0) and for dolomitic 
lime - fly ash mixtures in Fig. 5 (c) and 
(d), arranged in order of decreasing 28- 
day cured strengths. It should be kept in 
mind that the strengths are for lime - fly 
ash mixtures with no soil; the presence of 
soil could greatly influence the strengths. 

The 7-day strength results for calcitic 
lime - fly ash mixtures with fly ash sam- 
ples 1 through 5 were much lower than 
those obtained during the preliminary 
investigation, probably a result of low 
temperatures (averaging 65 to 67 F) 
during the first week of curing the final 
investigation specimens. It is believed 
that temperature variations did not 
seriously influence strengths of calcitic 
lime - fly ash mixtures with samples 6 
through 22 or any of the dolomitic 
lime - fly ash mixtures. The results of 
strength tests for samples 1 through 5 
mixed with calcitic lime will not be in- 
cluded in any calculations for this study 
because of their doubtful validity. 

A comparison of unconfined com- 
pressive strengths in Fig. 5 (a) to (d) 
indicates that there is no correlation be- 
tween 7-, 28-, and 120-day strengths. 
This agrees with previous findings (8). 
Some fly ashes react quickly with lime 
and achieve maximum strength early, 
whereas other fly ashes react slowly and 
attain near maximum strengths after 
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long curing times. The speed of the 
reaction would be greatly influenced by 
the solubility of the chemical substances 
present at the start of the reaction (9). 
The 7-day strengths were not used in 
correlation studies because of the tem- 
perature variations that occurred during 
the final investigation and because in 
such a short period the pozzolanic ac- 
tivity has not developed sufficiently. In 
the presentation of results more emphasis 


TABLE VI.—COMPARISON OF 
STRENGTHS FROM IOWA-PRODUCED 
FLY ASHES WITH STRENGTHS FROM 
OTHER FLY ASHES. 


Average 28-Day Unconfined 
Compressive Strengths, psi* 
Lime - Fly Ash Mixture Other 
Iowa | Mechan- 
Fly , jically Col- 
Ashes? |lected Fly 
Ashes 
Calcitic lime - fly ash, 
245 553 571° 
Calcitic lime - fly ash, 
222 444 507° 
Dolomitic lime - fly 
ash, 1:4. 662 635 
Dolomitic lime . - fly 
ash, 1:9. 245 547 505 


@ After 1 day immersion. 
> All mechanically collected. 
© Does not include fly ashes 1 through 5. 


is given to those obtained after 28-day 
curing, the standard curing period used 
with these materials. 

The Iowa-produced fly ashes are com- 
pared with other fly ashes in Table VI. 
Since all the Iowa fly ashes were collected 
by mechanical methods, a comparison 
with other mechanically collected fly 
ashes is included. 

In both comparisons, the Iowa-pro- 
duced fly ashes are inferior pozzolans; 
the Iowa fly ashes, however, are a ran- 
dom selection, whereas most of the other 
fly ashes have been accepted for com- 
mercial use in concrete. 
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Effects of Fly Ash Physical Properties and 
Chemical Composition on Pozzolanic 
Behavior: 


Comparisons were made between each 
fly ash’s physical properties and chemical 
composition and the 28- and 120-day 
strengths obtained in lime - fly ash mix- 
tures. Since the lime - fly ash reaction is 
chemical, it seems a logical assumption 
that the chemical composition and physi- 
cal properties of a fly ash should correlate 
with strengths obtained with the lime- 
fly ash mixtures. 

An attempt was made to divide the fly 
ashes into several groups having similar 
characteristics (for example, per cent 
passing No. 325 sieve, or silica content). 
It became obvious that the number of 
variables and range within each variable 
were too great for the number of observa- 
tions. For this reason, all fly ashes were 
taken as a group for the correlation 
studies. 

Values of 28-day cured strengths of 
lime - fly ash mixtures plotted against 
the weight per cent of fly ash passing 
the No. 325 sieve showed a definite 
relationship to strength. Strength plotted 
against values of per cent passing the 
No. 325 sieve divided by per cent re- 
tained on No. 325 sieve is shown in Figs. 
6 and 7. There are two factors contribut- 
ing to the good correlation: The first is 
that fineness has been found to be a 
general indicator of those chemical com- 
ponents of fly ash which are considered 
to be reactive; the second is that the 
finer particles increase the surface area 
and hence increase the rate of reaction of 
fly ash with lime. The same condition 
was found for the 4-month cured speci- 
mens. 

Values of fly ash specific surface were 
not plotted against strengths because the 
preliminary studies indicated that spe- 
cific surface was a function of fineness 
and carbon content. Previous studies of 
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fly ash in cement - fly ash mortars indi- with fly ash characteristics, it was found 
cated that no definite correlation existed that some of the lime - fly ash mixtures 
between specific surface and unconfined which gave exceptionally high strengths 
compressive strength (2). also gave exceptionally high densities. 
1400 
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Fic. 6.—Comparison of 28-Day Unconfined Compressive Strength of Lime - Fly Ash Mixtures 
with Fineness of Fly Ashes. 

In molding specimens, it was observed Conversely some of those fly ashes which 
that several fly ashes having approxi- gave low strengths also gave low den- 
mately the same specific gravity gave _ sities. 
widely differing densities in compacted The per cent solids and void ratios of 
lime - fly ash mixtures. Later, in testing compacted lime - fly ash mixtures were 
and in attempting to correlate strengths calculated from the dry densities of 
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lime - fly ash mixtures at the time of 
molding and from the appropriate spe- 
cific gravity of each lime - fly ash mix- 
ture. Closer analysis indicated that 
those fly ashes collected electrically 
generally gave mixes with a_ higher 
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by the weight per cent of fly ash retained 
on the No. 325 sieve (Figs. 8 and 9). The 
authors assumed that strength of lime - 
fly ash mixes increases linearly with 
increase of per cent solids. Two explana- 
tions are offered for the variations in per 
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Fic. 7.—Comparison of 28-Day Unconfined Compressive Strength of Lime - Fly Ash Mixtures 
with Per Cent of Fly Ash Passing No. 325 Sieve Divided by Per Cent Retained on No. 325 Sieve. 


percentage of solids than fly ashes col- 
lected mechanically. Values of strengths 
were plotted against the product of per 
cent solids in the lime - fly ash mixtures 
and the weight per cent of fly ash pass- 
ing the No. 325 sieve, and against the 
product of per cent solids in the lime - 
fly ash mixture and the weight per cent of 
fly ash passing the No. 325 sieve divided 


cent solids: particle size distribution of 
the fly ash and electrostatic charges on 
the fly ash particles. If the lime - fly ash 
mixture is well graded (influenced by 
gradation of both lime and fly ash par- 
ticles) a much denser mix (higher per 
cent solids) will be obtained than with a 
poorly graded mix. If there is an elec- 
trostatic charge on the fly ash particles, 


there is a possibility that like charges on 
all particles could cause repulsion, thus 
preventing attainment of high per cent 
solids. 
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nents. However, the mole fraction of 
silica correlated fairly well with strength. 
Plots of silica content (weight per cent 
and mole fraction) are shown in Figs. 10 
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Fic. 8.—Comparison of 28-Day Unconfined Compressive Strength with Per Cent Solids of 
Lime - Fly Ash Mixtures Times Per Cent of Fly Ash Passing No. 325 Sieve. 


The strengths were plotted against 
the total amounts of each of the inorganic 
components of the fly ashes given in 
Table II. The amounts of inorganic com- 
ponents were given both in weight per 
cent and in mole fraction. No definite 
relationship was found between strength 
of lime - fly ash mixtures and the weight 


per cent of the different fly ash compo- 


and 11. This gives an indication that 
mole fractions are more favorable for 
correlation studies. 

Brink and Halstead (2) have shown 
that the strengths of fly ash - cement 
mortars (with standard sand) are ad- 
versely affected by fly ashes having high 
carbon contents. A similar trend is 
evident in Figs. 12 and 13, in which the 


| 


relation between the 28-day pozzolanic 
strength and carbon content is shown. 
As with silica content, the plot of carbon 
content in mole fraction versus strength 
of lime - fly ash mixtures gives a slightly 
better relationship than carbon content 
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reactivity. Third, the carbon particles 
are structurally weak. 

The triangular chart concept was 
applied in which the various chemical 
components were grouped into three 
categories according to assumed influence 
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Fic. 9.—Comparison of 28-Day Cured Unconfined Compressive Strength with Per Cent Solids 
of Lime - Fly Ash Mixtures Times Per Cent of Fly Ash Passing No. 325 Sieve Divided by Per Cent 


of Fly Ash Retained on No. 325 Sieve. 


in weight per cent versus strength. Three 
factors are thought to be responsible for 
the reduced strength with increased 
carbon content. First, the organic mate- 
rial in fly ash does not react with 
Ca(OH): (8). Second, the organic material 
occurs predominantly in the coarse 
fractions of a fly ash and its presence 
indicates coarse inorganic material of low 


on strength: favorable, neutral and 
unfavorable. The triangular chart pro- 
cedure was similar to that used for 
textural classification of soils in which 
the three sides of an equilateral triangle 
are graduated from 0 to 100 per cent 
representing sand, silt, or clay sizes. 
Triangular charts were prepared (see 
Appendix II for procedure) for weight 
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Fic. 10.—Comparison of 28-Day Unconfined Compressive Strength with Silica Content (Weight 


Per Cent) of Fly Ashes. 


per cent and for mole fraction of the 
chemical components of fly ashes used 
for the following combinations: 


favorable 
neutral 
Tet CaO + MgO + 
Sos +C....... unfavorable 
favorable 
4 RO; + CaO + 
Trial 2..... neutral 
+ C ...unfavorable 


AlLO;.... .favorable 
eO; + CaO + 
Trial 3..... MgO neutral 


+ R2O;......favorable 
Trial 4.....4;CaO + MgO..... neutral 

unfavorable 


The results obtained with mole fractions 
showed slightly better trends than those 
obtained for weight per cent in all four 
trials. Trial 4 appeared to give better 
results than did trials 1 to 3. Those 
strengths on the triangular chart which 
varied considerably from adjacent 
strengths were probably influenced by 
fineness of fly ash or per cent solids of 
lime - fly ash mixtures. The application 
of the triangular chart concept to the 
correlation of chemical components of 
fly ashes with strength of lime - fly ash 
mixtures appears to be promising. 
Twenty-eight-day strengths were also 
plotted against SiO. + RO; contents 
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(weight per cent and mole fraction) of 
the fly ashes. The results using the mole 
fraction are shown in Fig. 14. As before, 
the mole fraction percentages gave better 
trends, showing a definite relationship 
between increase in strength and increase 
in Si0e + R:O;. 
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The following combinations were tried: 

Per cent of fly ash passing No. 325 sieve di- 
vided by carbon content, 

Product of per cent solids in the lime - fly ash 
mixture and per cent SiO. + R,O; — C in 
the fly ash, and 

Product of void ratio of the lime - fly ash mix- 
ture and carbon content of the fly ash. 
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Fic. 11.—Comparison of 28-Day Unconfined Compressive Strength with Silica Content (Mole 


Fraction) of Fly Ashes. 


The next correlations attempted were 
between unconfined compressive strength 
of lime - fly ash mixtures and combina- 
tions of the physical properties and 
chemical components of fly ashes which 
had shown the most promise in previous 
trials. 


None of these gave correlations that 
were considered to be better than those 
obtained in previous trials. 

Variations of Type of Lime and Lime - 
Fly Ash Ratio—The averages of the re- 
sults indicate that the dolomitic lime 
gave 28-day strengths approximately 30 
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per cent greater than calcitic lime. This 
average figure is very misleading, be- 
cause the use of dolomitic lime in lime - 
fly ash mixtures can give lower strengths 
than calcitic lime when mixed with some 
fly ashes. 
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compared with contents of SiO2, CaO, 
MgO, and Ca: Mg ratio of fly ashes to 
determine if there was any correlation 
between chemical composition and effect 
of calcitic and dolomitic limes. Since no 
correlation between chemical composi- 
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Fic. 12.—Comparison of 28-Day Unconfined Compressive Strength with Carbon Content (Weight 


Per Cent) of Fly Ashes. 


The dolomitic lime - fly ash mixtures 
generally gave higher densities than the 
calcitic lime - fly ash mixtures. No corre- 
lation was found between the ratio of 
densities (dolomitic lime-fly ash to 
calcitic lime-fly ash) of compacted 
lime - fly ash mixtures and the ratio of 
strengths. The strength ratios were then 


tion of fly ash and effectiveness of the 
two limes was obtained, it is believed 
that one of the chemical components of 
fly ash not determined could have in- 
fluenced the reaction. A good possibility 
is the alkali content (9). 

Tests were made to determine the 
alkalinity of the fly ashes using a Leeds 
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& Northrup pH meter and pH paper. CONCLUSIONS 
No good correlations were obtained Results obtained from the investiga- 
between pH and effectiveness of the tions indicate the following: 
limes. Variations in pH readings between 1. Fly ashes collected in power plants 
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Fic. 13.—Comparison of 28-Day Unconfined Compressive Strength with Carbon Content (Mole 
Fraction) of Fly Ashes. 


the two test methods indicate the pres- _ by electrical methods generally are finer 
ence of electrostatic charges that could and contain less carbon than fly ashes 
influence the lime-fly ash reaction. collected by mechanical means. 

Further study should be made of this 2. The weight per cent of fly ash 
problem. ee passing the No. 325 sieve gives a general 
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indication of the carbon content and 
amount of reactive material. 

3. The optimum moisture content for 
maximum strength of lime-fly ash 
mixtures is generally slightly below op- 
timum moisture content for maximum 
dry density. 

4. The optimum moisture content for 
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varying the type of lime or the lime: fly 
ash ratio. 

7. Generally, the use of dolomitic 
monohydrate lime produces strengths 30 
per cent greater than calcitic hydrated 
lime. However, with some fly ashes cal- 
citic lime produces greater 28-day 
strength than does dolomitic lime. _ 
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Fic. 14.—Comparison of 28-Day Unconfined Compressive Strength with SiOz + RO; Content 


(Mole Fraction) of Fly Ashes. 


maximum dry density of lime - fly ash 
mixtures is a function of carbon content 
and fly ash fineness. 

5. The average 28-day strengths ob- 
tained with seven Iowa-produced fly 
ashes are approximately 50 per cent of 
the corresponding strengths obtained 
with the other fly ashes tested. 

6. No correlation was found between 
the chemical composition of fly ash and 
the influence on 28-day strength by 


8. Generally, with standard Proctor 
compaction, dolomitic lime - fly ash mix- 
tures are denser than calcitic lime - fly 
ash mixtures. No correlation was found 
between increased densities and 
strengths, comparing both calcitic and 
dolomitic limes. 

9. No correlation was obtained be- 
tween 7-, 28-, and 120-day strengths 
when lime - fly ash mixtures were cured 
at 70F. 
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10. Compacted lime - fly ash mixtures 
generally have a higher percentage of 
solids with electrically collected fly ashes 
than with mechanically collected fly 
ashes. 

11. The chemical composition of fly 
ash expressed in mole fractions correlates 
with strength better than does chemical 
composition expressed in weight per cent. 

12. The application of the triangular 
chart concept to the correlation of chemi- 
cal composition with 28-day strength 
appears to offer promising results. 

13. Sieve analysis using No. 325 sieve, 
carbon content determined by loss on 
ignition, and compaction tests to deter- 
mine per cent solids appear to be fairly 
reliable criteria of fly ash quality for 
soil lime - fly ash a 

The subject matter of this report was 
obtained as part of the research being 
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PROCEDURE FOR SELECTING MOISTURE CONTENTS FOR MOLDING 
STRENGTH SPECIMENS 


The curves for unconfined compressive and is the moisture content at which the 
strength versus moisture content and dry total per cent deviation from maximum 
density versus moisture content were plotted strength and maximum dry density is a 


minimum, 
~ An example of this procedure is shown for 

20 fly ash sample 18 in a calcitic lime - fly ash 
4 Strength \ 3a 
400 =7; 
§ 

85 4a0 36 | \, 3 
6 agit | Jeo"? 

singh 
Moisture Content, per cent o2= 
BEE 

Fic. 15.—Molding Moisture Content Versus (° 8 £ i - 
7-Day Unconfined Compressive Strength and ss 
Dry Density for Fly Ash Sample 18 at Calcitic §0 


Lime to Fly Ash Ratio of 1:4. 2i 22 23 24 25 26 27 28 
Moisture Content, per cent 


TABLE VII.—TOTAL PER CENT DE- = ‘ 
VIATION FROM MAXIMUM STRENGTH Molding Molsture Content Versus 
AND MAXIMUM DRY DENSITY FOR 


e mum 7-Day Unconfined Compressive Strength 
and Dry Density for Fly Ash Sample 18 at Cal- 


citic Lime to Fly Ash Ratio of 1:4. 


Per Cent | Per .Cent 
Moi Deviation | Deviation) Tota) mix having a ratio of 1:4. The results of the 
Moisture Content, frame from Per Cent 
per cent Maximum |Maximua | neviation | ™Moisture-strength and moisture - density 
Strength | nenety study have been plotted on Fig. 15. The 
optimum moisture contents obtained are: 
3.05 | 2.53 | 5.58 
| eee, 0.76 | 2.09 2.85 Maximum confined compressive strength = 
ER 0.00 | 1.43 1.43 131 psi at 24 per cent moisture content 
Se eee 0.76 | 0.77 1 53 Maximum dry density = 91 lb per cu ft at 
re eer 2.29 | 0.33 2.62 27 per cent moisture content 
6.1 0.00 6.1 
BB. 15.3 | The total per cent deviations, calculated 


from Fig. 15, are shown in Table VII. The 
and optimum moisture contents for maxi- curve of total per cent deviation versus 
mum strength and maximum dry density moisture content is shown in Fig. 16, which 
were determined. The moisture content for indicated a minimum point at a moisture 
molding strength specimens is a compromise, content of 24.5 per cent. 
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USE OF TRIANGULAR CHART TO CORRELATE CHEMICAL COMPOSITION OF 
FLY ASHES WITH STRENGTH OF LIME-FLY ASH MIXTURES 


pmo ‘ The chemical components of the fly ashes 
TABLE VIIIL—CHEMICAL COMPOSI-. were divided into three groups: favorable, 
TION OF SELECTED FLY ASHES AC- neutral, and unfavorable, according to an 
CORDING TO COMPONENT'S ASSUMED assumed effect on the lime - fly ash reaction. 
EFFECT ON LIME-FLY ASH REACTION. wren considering the components in weight 


Total Per Cent* of per cent, the undetermined components were 
wae yO Each assumed to be unfavorable. A point was 
Component Groups plotted for each fly ash on the triangular 


chart (separate chart for each mixture) and 
the 28-day unconfined compressive strength 
was written beside it. It was hoped that the 


Sample |Sample | Sample 
9 13 21 


aaementitie (SO; + C)..| 39.3 | 73.0| 7.8 strength contours could be drawn. 


= An example of this procedure is shown in 

*Per cent by mole fraction as shown in Table VIII and Fig. 17 for fly ash samples 
Table V. 9, 13, and 21 when mixed with dolomitic 
lime at a ratio of 1:4, 


a 4 
100,0 


(60 


| batt pu & 30 i ete 
Sop 0%, 
' 
10 Note: Components in Mole Fractions 90 


wit is 90 80 70 60 50 40 30 20 10 O-- | 
Unfavorable Components 
+ C Content 


Fic. 17.—Comparison of Chemical Components with 28-Day Strength of Selected Dolomitic 
Lime - Fly Ash Mixtures (Ratio 1:4) by Use of Triangular Chart. 
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5 TE STING UNIFORMITY OF LARGE BATCHES OF CONCRETE* | 
‘i 
BY D. L. Brorem,' R. D. Gaynor,! anp J. R. Witson! 
SYNOPSIS 
can Multiple samples were secured from 51 full-sized batches of ready-mixed re 
concrete. These were subjected to a variety of tests to measure differences in —_— 
properties of the concrete at various points within each batch. Measurements 2 
included slump, unit weight, air content, coarse aggregate content, cement 
by centrifuge separation, water content by drying, and compressive strength. 
fuer! Supplementary measurements and calculations provided data on cement ~~ 
factor, sand-aggregate ratio, mixing water content, and water-cement ratio. ‘ral 
wa The regimen of sampling and testing was varied to determine which com- sy 


__ binations provided practical means of evaluating concrete uniformity. The __ 


number of samples from a given batch ranged from two to twelve. For some _ a 
_ samples, tests were made in duplicate or triplicate to assist in estimating the nis 
_ number needed to assure reliable comparisons, In some cases, all practicable sea 
operations of sampling and testing were conducted in the field. In others, a es 
minimum of the work was done in the field, with samples being transferred to 
the laboratory for processing. 
‘Es The data are presented in tabular form, and graphical comparisons are | 
_ made among the measures of within-batch variation. The various tests are 

discussed from the standpoint of their utility in evaluating concrete uniformity. 


- Recommendations are made for procedures to establish whether or not various 
portions of a given batch differ significantly in their properties. = 


ety 


Uniformity of concrete is essential if has under development a set of criteria 


it is to achieve reliably the properties 
anticipated. For a batch to contain the 
correct amount of each ingredient is of 
little value if those ingredients are not 
uniformly blended to produce the correct 
proportions throughout. 

Much attention is being directed to- 
ward devising ways of measuring uni- 
formity. Subcommittee ITII-i on Ready- 
Mixed Concrete of ASTM Committee 
C-9 on Concrete and Concrete Aggregates 


* Presented at the Sixty-fourth Annual 
Meeting of the Society, June 25-30, 1961. 

1 Associate Director of Engineering, Labora- 
tory Manager, and Associate Engineer, respec- 
tively, of the National Sand and Gravel 
Association and National Ready Mixed Con- 
crete Association, Washington, D. C. 


for within-batch uniformity of ready- 
mixed concrete produced in central 
mixers. It is intended to provide informa- 
tion on the amount of mixing required to 
produce adequate homogeneity. Use of 
this uniformity evaluation as an alternate 
to fixed time limits on mixing is being 
considered as a tentative revision of the 
ASTM Specifications for Ready-Mixed 
Concrete (C 94).? 

In addition to establishing required 
mixing time for central mixers, uni- 
formity tests may be used to indicate 
blade wear, study mixing speed, or es- 
tablish efficient batching sequences. 

2ASTM Specifications for Ready-Mixed 


Concrete (C 94 - 58), 1958 Book of ASTM 
Standards, Part 4, p. 600, 


te sei! 


i 


Application might be extended to factors 
involved in handling and placing con- 
crete, where segregation could undo the 
accomplishments of proper batching and 
adequate mixing. 

Obviously, the need for uniformity 
tests extends to truck-mixed as well as 
central-mixed concrete. Both the pro- 
ducer and user have a stake in balancing 
economy against performance by using 
efficient mixing times, rates, and capaci- 
ties. The Standards Committee of the 
National Ready Mixed Concrete Assn. 
recognized the importance of this prob- 
lem about two years ago in the establish- 
ment of a Subcommittee on Mixer 
Efficiency. Its objective was to develop 
procedures for measuring within-batch 
variation of concrete and, if possible, to 
establish limits for adequate uniformity. 
Review of the literature revealed much 
valuable work in this connection but sug- 
gested that an organized program was 
needed to establish methods and criteria 
specifically for truck mixers. 

In 1921, Hatt (1)* conducted tests on 
concrete mixers, investigating effects of 
time of mixing and variations in water 
content and speed of drum rotation on 
the consistency and strength of concrete. 

In 1929, Dunagan (2) proposed a 
method for measuring the composition 
of fresh concrete. Cement, water, sand, 
and coarse aggregate are determined by 
a series of wash-separations and weigh- 
ings in air and in water. The method is not 
widely used because of inaccuracies in 
determining immersed weights and in 
correcting cement content for the pres- 
ence of fine sand. 

Slater (3), in 1931, made a study of 
concrete mixed at a central plant and 
transported in a truck conveyor for dif- 
ferent periods. Samples were secured and 
tested by the Dunagan method. Meas- 
urements were made of the decrease in 


* The boldface numbers in parentheses refer 
to the list of references appended to this paper. 
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slump, apparent increase in cement con- 
tent, and increase in strength of concrete 
during transportation. 

Hollister (4), in 1932, conducted tests 
on concrete mixed in truck mixers at 
different rates of rotation. The concrete 
was tested by the Dunagan method. It 
was observed that the relation of strength 
to water-cement ratio was the same at 
the different mixing rates. When water 
was added during mixing, strength was 
reduced in accordance with the water- 
cement ratio law. 

A study of the effects of time of haul 
on strength and consistency of ready- 
mixed concrete was reported by Cook (5) 
in 1943. Concrete was mixed in a sta- 
tionary mixer and hauled for various 
periods, up to 7 hr, in a truck agitator. 
Strength and slump tests were made at 
intervals, and concrete at the start and 
end of haul was analyzed by the Dunagan 
method. The effects of retempering con- 
crete to restore slump were also studied. 
Contrary to Hollister’s findings, strength 
was decreased less by the addition of re- 
tempering water than was expected from 
the increase in water-cement ratio. When 
water was not added, prolonged agitation 
reduced slump and incteased strength. 

A more recent investigation of truck 
mixers was reported by Walker and 
Bloem (6) in 1954. The effects on con- 
crete uniformity of type of loading, size 
of load, number of revolutions, and speed 
of rotation were evaluated. The data 
supported the recommendation that 
mixer capacity ratings could be increased 
above the then accepted levels. Concrete 
uniformity was evaluated in terms of 
within-batch variations in _ slump, 
strength, density, air content, and coarse 
aggregate content. 

In 1958, Timms (7) conducted a com- 
prehensive study of truck mixer per- 
formance using methods similar to those 
of Walker and Bloem. Primary variables 
were rate and amount of mixing and size 


of batch. Sequence of loading and effects 
of slump on mixing efficiency were also 
studied. 

Additional very recent research in this 
field has been reported since initiation of 
the investigation which is the subject of 
this paper. Maxon (8) and Narrow (9) 
presented data on tests of uniformity of 
concrete from stationary mixers. Those 
researches involved within-batch com- 
parisons of such characteristics as slump, 
air content, unit weight, strength, and 
cement content by centrifuge separation 
(10). A study of paving mixers, involving 
measures of within-batch uniformity by 
several highway departments, was re- 
cently described in a paper by Woolf 
(11). 

While these researches fulfilled their 
objectives and contributed worthwhile 
information over the years, it was felt 
that additional study was needed, aimed 
specifically to setting up test methods 
and establishing limits for variations in 
truck-mixed concrete. Last year, the Re- 
search Committee of the National Sand 
and Gravel Assn. and National Ready 
Mixed Concrete Assn. (NRMCA) ap- 
proved such a program for conduct by 
the Associations’ Joint Research Labora- 
tory at the University of Maryland. The 
Truck Mixer Manufacturers Bureau, 
through its representatives on the 
NRMCA Standards Committee, became 
interested in the study and agreed to un- 
derwrite a substantial share of its cost. 
This paper reports that research. 


SCOPE OF RESEARCH 


A crew of three men was specifically 
engaged and trained for this project. 
They were under the immediate direc- 
tion of Milton H. Wills, Graduate Fellow 
of the Associations at the University of 
Maryland; and were assisted in the lab- 
oratory by the regular staff. The entire 
operation was under the supervision of 
coauthor R. D. Gaynor. Responsibility 
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for organization of the project was in the 
hands of Stanton Walker, Director of 
Engineering of the two associations. 

A total of 51 full-sized batches of 
ready-mixed concrete were sampled and 
tested. Local area members of the 
NRMCA cooperated by permitting the 
testing crew to watch all processes of 
batching and mixing and by arranging 
with contractors to allow sampling. All 
batches were from regular production, 
and no special controls were exercised 
over any phase of the operation. How- 
ever, to the extent practicable, records 
were kept of pertinent information, such 
as batching sequence, time required for 
transportation, mixing and discharge, 
any additions of water during discharge, 
and relevant data on type of equipment, 
size of batch, and nominal characteristics 
of the concrete. 

A truck was provided to facilitate ac- 
companiment and observation of the 
concrete throughout its production, 
transportation, and discharge. Special 
covered racks were installed to permit the 
moving of samples and specimens to the 
laboratory for testing. A variety of tests 
were performed on each batch, with pro- 
cedures varied to assist in evaluating 
their ability to discern differences within 
batches. Altogether, the study involved: 
approximately 300 slump tests, 370 com- 
pression tests of 6 by 12-in. cylinders, 
125 unit weight measurements, 500 wash 
tests for aggregate content, 125 pressure 
meter air content determinations, 225 
drying tests for water content, and 225 
centrifuge tests for cement content. Cal- 
culations were made of other batch 
characteristics such as sand content, air- 
free unit weight of mortar, and water- 
cement ratio. at 

In most cases, either two or three sam- 
ples were secured from each batch. Each 
sample consisted of about 175 lb of con- 


TESTING PROCEDURES 


— 
‘ 


crete collected in four metal buckets by 
intercepting the entire flow from the 
discharge chute. One bucket was ‘used 
for the slump test,‘ made in duplicate. 
This concrete was then discarded. The 
remaining three buckets were covered 
with sheet plastic to prevent evaporation 
until the concrete was used for other 
tests. In general, these samples were 
moved immediately to the laboratory 
for processing but, in some cases, as 
much as possible of the testing was done 
in the field. 

The three buckets of concrete repre- 
senting each portion of the batch were 
transferred to a metal pan and recom- 
bined by shovel. A unit weight test was 
made in the }-cu ft base of a pressure air 
meter,® after which the same sample was 
tested for air content.® Finally, this }-cu 
ft of concrete was washed over a rein- 
forced No. 8 sieve and the retained coarse 
aggregate was oven dried. The next day, 
the dried material was screened over a 
No. 4 sieve to permit calculating the per- 
centage of coarse aggregate in the con- 
crete. This procedure was similar to that 
used by several earlier investigators and 
was not unlike that employed by the 
California Division of Highways for 
checking coarse aggregate content of 
concrete.’ From the data on this portion 
of the sample, the air-free unit weight of 
mortar was later calculated. Comparisons 
of that characteristic are used by the 
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* ASTM Method of Test for Slump of Port- 
land Cement Concrete (C 143 - 58), 1958 Book 
of ASTM Standards, Part 4, p. 718. 

5 ASTM. Method of Test for Weight per 
Cubic Foot, Yield and Air Content (Gravi- 
metric) of Concrete (C 138 — 44), 1958 Book of 
ASTM Standards, Part 4, p. 726. 

* ASTM Method of Test for Air Content of 
Freshly Mixed Concrete by the Pressure Method 
(C 231 - 60), 1958 Book of ASTM Standards, 
Part 4, p. 630. 

7 Calif. Method of Test for Proportions of 
Coarse Aggregate in Fresh Concrete (529-A), 
Materials Manual, State of Calif., Dept. of 
Public Works, Division of Highways, Testing 
and Control Procedures, August, 1960. 


Broem, GAyNor, AND WILSON 


Bureau of Reclamation to evaluate per- 
formance of stationary mixers.® 

A small portion (about 4 to 43 lb) of 
the concrete in the metal pan, represent- 
ing a given location in the batch, was 
secured for determination of cement con- 
tent by the centrifuge method. This test 
has been described?: ® and its significance 
discussed in detail in a recent paper in 
Materials Research & Standards (12). The 
test employs a heavy liquid, denser than 
the sand but less dense than the cement, 
to separate those two ingredients from a 
small amount of mortar extracted from 
the concrete. It provides a basis for 
within-batch comparisons of cement con- 
tent, as used here; however, in its present 
state of development, it is not a suitable 
measure of cement factor level for pur- 
poses of checking conformance with 
specifications. 

Another small portion of the concrete 
sample (about 3 to 4 Ib) was subjected to 
drying to measure its water content. Its 
hardening was delayed by the addition of 
sugar and it was dried overnight at 
moderately high temperature, about 550 
F. The dried material, after being 
weighed to determine the amount of 
water in the small sample, was later sub- 
jected to complete sieve analysis down 
to the No. 100 size. 

Three 6 by 12-in. cylinders were 
molded from each sample. These were 
tested for compressive strength at 7 days 
under standard conditions.’ 


SAMPLING COMBINATIONS 
Several variations in sequence and 


8 Bureau of Reclamation Test for Variability 
of Constituents in Concrete (A Test of Mixer 
Performance) (Test 26), Concrete Manual, U. 8S. 
Dept. of Interior, (Sixth Edition), 1955. 

® Proposed Tentative Method of Test for 
Cement Content of Freshly Mixed Concrete 
(Published as information only), ASTM Bu t- 
LeTIN, No. 239, July 1959, p. 48. 

10ASTM Method of Test for Compressive 
Strength of Molded Concrete Cylinders (C 39 - 
59), 1958 Book of ASTM Standards, Part 4, p. 
655. 
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number of samples per batch were em- 
ployed to indicate which combinations 
might be best adapted to evaluating 
adequacy of mixing: 
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2. Testing procedure was modified in 
batches 12 through 15 to investigate 
test reproducibility for closely spaced 
samples. Three samples were secured as 


TABLE I—SUMMARY OF DATA FOR BATCHES SAMPLED AT THREE LOCATIONS. 
Laboratory Test Procedures Emphasized. 


+No.4Ag-| Air-Free | Cement by |.Water by | 7-day Compres- 
y sive Strength 

Slump, in.) percent | | Mortar, Yo | Ovsm 
Batch of concrete per cu ft weight mortar pal a 

BatcHes with No Water Appep Durine DiscHaRGE 
0.4| 1.6) 0.1) 44.5) 5.5 |140.4/ 0.3 | 5.3 | 0.5 | 14.5) 0.2 3239| 134) 4. 
No. 2 1.0) 4.9) 0.0) 47.7) 4.3 140.3) 1.0 | 5.0 | 0.1 | 13.8] 0.4 |3023! 181| 6 
8.1] 0.2) 5.5) 0.5) 40.6] 6.8 [139.5] 1.1 | 5.7 | 0.4 | 14.5] 0.7 |2794! 237] 8. 
7.3) 0.4) 3.9) 0.2) 41.4) 2.2 [140.5] 2.5 | 6.0 | 0.9 | 13.8] 0.3 |3509) 598/17. 
8.6) 3.8) 0.1) 37.6) 2.4 |135.8) 1.6 | 6.0 | 0.1 | 16.3) 0.7 |2085! 190) 9. 
5.9) 1.9) 6.8) 0.8) 44.5) 2.2 |139.5) 0.4 | 5.0 | 0.6 | 13.8] 0.5 |2207| 429/19 
4.3) 1.1) 1.6) 0.1] 44.4) 1.2 |1388.5 0.2 | 6.1 | 0.2 | 16.2) 0.5 |4014) 25] 0 
Me. 86. 5.7| 0.8) 1.5) 0.2) 41.0) 9.8 |138.3) 1.4 | 7.6 | 0.3 | 15.8] 1.4 |4499] 232) 5 
| ee 2.9) 1.1) 2.5) 0.2) 44.1) 2.3 |139.7) 1.1 | 5.4 | 0.1 | 13.8) 0.2 |3289) 107) 3. 
No. 12¢.. 2.6) 1.4) 0.2) 50.9) 2.0 |137.3) 1.6 | 5.6 | 0.2]... 4001) 76) 1. 
No. 13°.. 2.9) 0.8 3.4 0.3) 39.1) 3.2 |142.6) 0.4 | 6.6 | 0.6 | 12.5) 0.2 |3860) 75) 1 
No. 14%..... 2.8) 0.8) 1.8) 0.5) 45.1) 0.6 {137.1} 0.0 | 5.2 | 0.1 | 15.6) 0.7 |3339| 106) 3. 
No. 16..... 6.5) 1.0) 1.2) 0.3) 46.6) 0.8 |132.6) 2.5 | 5.1 | 0.1 | 18.3] 0.1 {3113} 37) 0 
6.0) 0.3) 0.8) 0.2) 48.1) 0.1 |132.8) 1.5 | 4.6 | 0.2 | 17.4! 0.6 |2467| 88] 3 
No. 18...... 5.2) 1.1) 1.0) 0.0) 46.9) 2.5 |133.0) 0.6 | 4.2 | 0.3 | 17.4) 0.6 |2122) 112) 5. 
7.9) 1.0) 0.8) 0.1 46.4) 3.8 {131.5} 1.2 | 4.9 | 0.2 | 18.1) 0.6 |2399) 50) 2 
ae 4.3) 0.8) 1.0) 0.2) 44.0) 2.8 |135.4) 1.3 | 5.6 | 0.4 | 12.4) 0.4 |3103) 229) 7 
| ee 3.1) 0.6) 1.6) 0.3 41.9) 2.7 137.9) 0.9 | 5.7 | 0.4 | 14.9] 1.3 |2703) 563,20 
> =e 6.5) 1.8) 0.4) 0.1) 47.2) 3.0 133.6) 1.3 | 5.1 | 0.3 | 18.1] 0.5 |1727) 19) 1 
No. 36...... 4.2) 1.4) 0.9) 0.3 44.1) 4.9 |134.3) 3.1 | 5.9 | 0.7 | 16.2) 1.4 |2491) 62225 
No. 37.. 7.2) 0.6) 0.4) 0.2) 43.7) 2.3 131.7) 0.7 | 5.4 | 0.3 | 17.4| 0.7 |1780 69 3 
Batcues TO Wuick Water Was Appep Durine DiscHARGE 

2.0| 1.8| 5.4! 1.4| 39.5] 1.9 |140.8| 6.9 | 5.8 | 0.6 12.0| 1.3 |2963| 789|26 
No. 7.. 7.5) 0.7 4.8 0.2) 45.7) 2.6 |138.9) 0.5 | 5.6 | 0.4 | 14.5) 0.2 |3054) 150} 4 
Ree 1.6) 0.1) 1.8 0.3) 44.8) 2.2 |135.5) 1.6 | 4.9 | 0.2 | 15.6) 1.0 |3259 330/10 
No. 20... 3.1) 2.6 1.6) 0.6) 43.9] 2.7 |136.5) 2.3 | 4.5 | 0.2 | 16.1) 1.7 |2540) 570/22 
No. 21... 5.1) 4.6 1.3) 0.2) 48.1) 0.5 |136.5) 2.6 | 6.3 | 0.2 | 17.5) 0.8 |3666 ~ 3 
i ae 3.8) 2.0) 1.3) 0.2) 46.3) 6.3 |135.8) 0.5 | 6.1 | 0.9 | 15.5) 0.8 |3966) 56) 1 
5.5) 3.1 0.8) 0.4) 45.6) 1.0 |134.4) 2.2 | 5.2 | 0.2 | 16.0) 1.2 |2551) 425/16. 
No:'34...... 4.8) 5.9 1.1| 0.7| 42.5) 3.4 |136.4) 4.8 | 5.7 | 0.6 | 16.2) 2.5 3153|1085|34. 


* Samples taken as nearly at same point as possible but tested same as sets taken at widely dis- 


tributed points. 


1. In batches 1 through 11 and 16 
through 25, samples were secured at 
three points, after approximately 3, 3, 
and @ of discharge. The entire routine of 
tests was performed, as already de- 
scribed, with all except slump being 
made in the laboratory. 


nearly at one time as possible from the 


same portion of discharge. Testing pro- 


cedure was identical to that in (1) above. 

3. In batches 26 through 33, samples 
were secured at only two points, after 
about 3 and § of discharge, but centrifuge 
and drying tests were made in triplicate 


COM WAH 
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on each sample to study reproducibility. 
Otherwise, testing procedures were the 
same as in (1) and (2) above. 

4. In batches 34 through 37, samples 
were secured from three portions as in 
(1); however, unit weight and air content 
were measured in the field, and sampling 
for the centrifuge and drying tests was 
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were made. The object was to secure a 
continuous profile of changes in charac- 
teristics throughout the batch. 

6. From batches 42 through 46, two 
samples were secured at about the 3 and 
§ points. The usual tests were made, with 
accent on the laboratory approach, but 
the centrifuge and drying tests were per- 


TABLE II.—SUMMARY OF DATA FOR BATCHES SAMPLED AT TWO LOCATIONS. 
Laboratory Test Procedures Emphasized. 


+No.4Ag-|  Air-F Wate 7-day Compres 
Air, gregate, Wt. a Oven la sive Strength 
Ps per cent | cent weight mortar, Ib > oun aad r cent 

Batch of concrete per cu ft weight mortar pei re 

Batcues with No Water Appep Durine DiscHaRGE 
No. 26...... 3.1] 1.1] 0.1/43.3 | 2.2 [187.7 | 0.5 | 5.9 | 0.1 | 15.2] 0.2 somlais| 9.6 
No. 20...... 8.3, 0.6) 0.4) 0.040.0 | 6.4 134.5 | 0.5 | 5.9 | 0.6 16.2) 0.5 1.9 
4.5) 1.8) 1.4) 0.1/42.2¢) ... |136.5 .. 15.9) 0.1 101; 5.1 
No. 32...... 2.7| 0.2) 1.5) 0.2/44.7 | 0.4 j131. 2 0. 1 5.2 | 0.0 | 14.6] 0.0 |3035) 0.5 
No. 33...... 3.5) 0.9) 1.0) 0.3/48.3 1.0 |128.5 | 1.2 | 4.3 | 0.3 | 15.7; 0.1 |1715)184/10.7 
No. 42...... 3.9) 0.2:46.8 | 1.1 [136.9 | 0.2 | 6.0 | 0.1 | 16.8) 0.1 |3369) 58) 1.7 
0.3) 1.5) 0.0/46.8 | 2.2 |134.5 | 0.6 | 5.1 | 0.1 | 16.9) 0.3 |2136/103) 4.8 
No. 46...... 0.2) 2.1 0.2/41.9 1.3 |139.0 | 0.1 | 4.7 | 0.0 14.1) 0.0 |3204) 13) 0.4 
Batcues To Wuich Water Was Appep During DiscHaRGE 

No. 27.. -| 5.8) 2. 6 0.6 0.3'48.4 2.4 {132.7 | 1.4 | 4.5 | 0.2 | 17.1) 1.3 |1687|275|16.3 
4.8) 2.3) 0.9 0.445.1 2.2 136.8 | 1.7 | 5.6 | 0.1 | 15.8] 1.2 |3021 19.8 
No. 30...... 8.2] 0.9] 0.4) 0.2/42.7 | 0.3 |133.6 | 3.9 | 5.6 | 0.2 | 17.0) 0.6 |2082'525/25.2 
No. 43...... 5.4) 2.1) 0.8) 0.0/48.3 | 4.2 |133.6 | 1.3 | 5.0 | 0.2 | 18.6) 1.9 2842)111 3.9 
No. 44.. 4.1) 0.7 1.2 0.1/50.2 0.6 0.9 | 5.5 | 0.7 | 16.0) 0.2 20.0 


* Single value; no determination on second sample. 
’ Single value; coarse aggregate correction data not secured. 


done in the field. Strength specimens 
were molded in cardboard molds and 
stored at the job for 24 hr. The object 
was to determine if field sampling and 
testing would serve satisfactorily for 
evaluating truck mixers when laboratory 
facilities are not conveniently at hand. 
5. In batches 38 through 41, twelve 
samples were secured, evenly distributed 
throughout the discharge. Because of the 
large number of tests, ball penetration 
was substituted for slump as a measure 
of consistency, and no strength tests 


formed in duplicate to check reproduci- 
bility. 

7. For batches 47 through 51, the 
sampling and testing were the same as in 
(6) above, but field procedures were 
emphasized. 


DIscussION OF DATA 


To conserve space and avoid duplica- 
tion, only the data considered to be 
most indicative of concrete uniformity 
are presented in tabular form. Average 
results and within-batch ranges of the 
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following tests are presented in Tables I 
to IV: slump, air content, per cent of 
coarse aggregate, air-free unit weight of 
mortar, cement content by the centri- 
fuge method, water content by drying, 
and compressive strength. The data 
are separated to indicate the num- 
ber of samples tested from the batch, 
whether or not water was added for re- 
tempering between samples, and whether 
laboratory or field procedures were 
emphasized in the testing. 
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the measured characteristics of concrete 
from those batches which were repre- 
sented by tests of three samples—from 
the early, middle and late portions of 
discharge. Similar information is given 
in Fig. 2 for batches represented by two 
samples—taken near the beginning and 
end of discharge. Each diagram is di- 
vided into two portions, distinguishing 
the batches to which water was added 
from those which were not retempered 
during discharge. 


TABLE III.—SUMMARY OF DATA FOR BATCHES SAMPLED AT TWO LOCATIONS. 
Field Test Procedures Emphasized. 


| | Water b 7. 
-day C 
Ai Ag- Alp Free | Cement by & 4 Strength 
Slump, in. Bregate per Centrifuge, | per cent 
a percent | cent weight | Mortar, lb bags per cu yd| weight of (————-—— 
Batch of concrete per cu ft psi | 
2 
Batcues with No Water AppEp Durinc DIscHARGE 
No. 47...... 3.8| 0.1| 1.1| 0.2| 48.1) 4.0 [134.7] 1.0 | 6.3 | 0.6 | 16.6| 0.0 |3854| | 0, 
5.4) 0.6) 0.1) 51.6) 4.7 |134.0, 2.1 | 6.1 | 0.7 | 16.0; 0.2 4056) 68) 1.7 
7.4) 0.4) 1.3) 0.2) 47.9) 1.0 0.2 | 6.3 | 0.2 | 16.0) 0.4 |3650; 256) 7.0 
Ne. 8.0) 0.4) 0.8) 0.0) 49.1) 5.6 1187.3} 2.2 | 5.2 0.7 | 16.8] 0.0 2861) 162) 5.7 
Batcues TO Water Was Appep Durinc DiscHarGe 
No. 50......| 8.1] 1.8] 1.2) 1.1) 45.4| 0.9 |136.4| 3.8 | 6.2 | 0.2 | 16.4! 2.0 |s4si| 


Table I shows results for the batches 
from which three samples were taken. 
Table II gives similar data for batches 
represented by two samples, when all 
testing possible was done in the labora- 
tory. Table III also represents 2-sample 
tests, but with emphasis on performing 
as many testing operations in the field 
as possible. Table IV gives the data for 
individual samples from the four batches 
which were tested at 12 uniformly dis- 
tributed points throughout the discharge. 

The tabulated data, as well as several 
additional measured characteristics of 
the concrete, are shown in graphical form 
in Figs. 1 to 8. Figure 1 shows ranges in 


Strength Tests: 


Figures 1 and 2 indicate that within- 
batch variations in strength were small 
for most batches to which no water was 
added between samples, but were larger 
for those retempered. Strength range 
exceeded 10 per cent for only 5 of 33 
undiluted batches, while 10 of 14 batches 
to which water was added showed 
strength differences greater than 10 per 
cent. 

Some idea of the significance of the 
strength differences can be developed by 
analyzing the uniformity within the sets 
of three cylinders representing each 
sample. In this project, since the differ- 
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ent samples from a batch were processed 
at almost the same time and were treated 
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of 1.6 per cent for single cylinders from 
the same population (v = 0.5907R, where 


the same as nearly as feasible, it should R is the average range of sets of three)." 


be possible to distinguish real differences 


This 


value for coefficient of variation 


TABLE IV.—SELECTED DATA FOR BATCHES SAMPLED AT TWELVE LOCATIONS. 


Portion of Batch 


| Water by 
Cement Oven 
Ball Pene- t e, by Centri-| Drying, 
tration, in. fuge. uge, bags per 
per cu y weig’ 
concrete 


| 
Water by 
AL No. 4 Cement Oven 
Ball Pene- by Drying, 
tration, in. fuge, ba; ony 
per cu yi weight 


Batcn 38: 4.5 cu yp In 5 cu YD 
Mrxer; Cement 7.0 Bacs PER 


Batcn 39: 5 cu yp IN 5 cu YD 
Mrxer; Cement 5.0 Bacs PER 


cu YD cu YD 
Bodies sees 1.8 43.50 7.21 15.77 3.2 37.28 5.28 16.67 
2.0 37.72 7.76 15.75 5.0 40.37 5.00 16.86 
a Madea 2.2 42.78 6.88 16.23 4.2 42.34 4.75 17.32 
& ee 2.3 46.96 6.47 17.44 3.9 43.16 4.69 16.50 
eee 2.4 45.64 6.57 16.90 4.3 41.50 4.94 16.90 
Ry sc-0caee 1.0 46.73 6.57 16.07 4.0 43.79 4.54 17.36 
; Esiaccoen 1.2 46.97 6.46 15.95 4.2 42.42 4.67 18.06 
ed, wit w pokes 2.0 43.78 6.94 16.05 4.3 44.34 4.47 17.73 
ree 1.8 47 .56 6.26 16.77 4.3 45.02 4.33 17.77 
a 1.9 48.12 6.36 16.83 4.9 44.74 4.42 18.09 
PP 2.4 48.05 6.21 16.28 4.7 44.76 4.40 data 
en 2.1 42.21 7.00 16.40 4.3 44.18 4.49 17.92 
1.9 45.00 6.73 18.37 4.3 42.83 4.67 17.38 
1.4 10.40 1.55 1.69 1.8 7.74 0.95 1.59 
0.44 3.10 0.45 0.52 0.48 2.26 0.29 0.58 
Batcu 40:5 cu yp 1n 6 cu yp Mrxer; | Batcu 41:5cu yp 1n 5cu yp MIxER; 
Cement 6.0 PER cU YD Cement 6.0 Bacs PER cU YD 
5.2 37.39 6.15 15.84 1.0 41.94 5.38 16.68 
4.3 33.69 6.50 16.35 1.4 41.85 5.41 15.74 
4.4 36.88 6.04 16.26 1.9 40.94 5.51 16.21 
oni ermaes 3.9 37 .94 6.04 15.77 2.8 42.7 5.34 17.33 
ae 2.7 38.81 6.05 15.36 2.4 | 42.81 5.34 16.86 
cette acai 3.4 42.97 5.52 16.11 2.8 41.60 5.37 16.47 
3.0 40.19 5.86 16.33 2.3 43.12 5.32 16.18 
3.4 40.54 5.77 16.17 2.8 41.66 5.51 16.81 
3.1 39.38 5.82 15.12 2.8 43.96 5.17 17.04 
2.9 41.54 5.54 15.55 2.6 37.17 5.92 16.71 
“1 «RR eee 3.0 41.98 5.60 15.28 2.4 40.80 5.69 17.07 
Ps, acento’ 2.9 40.85 5.64 15.63 2.5 40.19 5.76 16.41 
pS eee 3.5 39.35 5.88 15.81 2.3 41.56 5.48 16.62 
A Ser 2.5 9.28 0.98 1.23 1.8 6.79 0.75 1.42 
wrk 0.77 2.58 0.29 0.43 0.59 1.74 0.21 0.44 
between samples from those due to can be used to estimate how large the 


chance. The program included 123 sets 
of three cylinders. 
strength between highest and lowest of a 
set was 2.7 per cent of the average. This 
corresponds to a coefficient of variation 


The average range in 


strength difference between samples must 
"ACI Committee 


214 Standard Recom- 


mended Practice for Evaluation of Compression 
Test Results of Field Concrete (ACI 214 — 57), 
Proceedings, Am. Concrete Inst., Vol. 54, p. 1 
(1958). 
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Fic. 1.—Ranges of Conventional Mixture Characteristics and Uniformity Measures for Batches 
Sampled in 3 Portions. 


1127 


1128 


be to show conclusively that the samples 
were really different—that is, that the 
strength variation was not due to normal 
testing errors (13). For a coefficient of 
variation of 1.6 per cent, and with the 
strength of each sample represented by 
the average of three cylinders, the fol- 
lowing ranges would be expected even if 


NO WATER ADDEO WATER ADDED 


CEM. FACTOR, 


WATER RATIO, 


bi 


WATER, 


LUMP, 


Sa Sons 


STRENGTH, PERCENT 


26 29 31 32 55 42 45 46 47 48 49 5! 27 26 30 43 44 50 


BATCH NUMBER 


(a) Conventional mixture characteristics. 
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it must be accepted that absolute uni- 
formity can never be attained and that 
some actual difference in strength and 
other properties must be tolerated. With 
recognition of these factors, a reasonable 
inference from the foregoing statistical 
manipulation is that, for properly made 
tests, strength differences greater than 


NO WATER ADDED WATER ADDED 
50 
200 
ase 
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(6) Uniformity measures. 


Fic. 2.—Ranges of Conventional Mixture Characteristics and Uniformity Measures for Batches 


Sampled in 2 Portions. 


strengths of the different samples were 
actually the same: 

1. For two samples, the difference in 
strength would exceed 3.4 per cent one 
in a hundred times. 

2. For three samples, the range in 
strength would exceed 3.9 per cent one 
in a hundred times. 


It should not be concluded that 
strength ranges in excess of the small 
amounts discussed above are proof in 
themselves of unacceptable uniformity. 
Inevitably, sampling errors will exist no 
matter how uniform the batch. Further, 


5 per cent between different portions of 
a batch can probably be assumed to be 
actual. Batches exhibiting a strength 
range of 10 per cent or more would al- 
most certainly have to be considered 
unacceptably variable. 


Slump Tests: 


Striking evidence of the ability to 
measure the effects of added water on the 
concrete is given by the slump test data 
in Figs. 1 and 2. When no water was 
added, slump differences between differ- 
ent portions of a batch never exceeded 2 
in. For batches to which water was added 
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between samples, the range of 2 in. in 
slump was exceeded at least half the time. 

Analyses of test reproducibility, simi- 
lar to those made above for strength, are 
available for slump. In most cases, slump 
tests were made in duplicate from each 
sample. For 100 such pairs of tests, the 
average difference between the two was 
0.5 in. This corresponds to a standard 
deviation of 0.44 in. (0.8865R)" and in- 
dicates that a difference greater than 1.6 
in. will be exceeded by chance alone only 
about one in a hundred times. If a slump 
result is taken as the average of two tests, 
there is only one chance in a hundred 
that an accidental difference will exceed 
1.1 in. By the same reasoning outlined 
above for strength, some freeboard must 
be allowed for sampling error and real, 
but, unavoidable, variations in concrete, 
suggesting that a difference greater than 
2 in. between portions of the same batch 
should justifiably be considered exces- 
sive. 

It is of interest that large variations 
in slump and in strength were not neces- 
sarily common to the same batches. If 
we were to assume that a difference of 
either 10 per cent in strength or 2 in. in 
slump were evidence of unsatisfactory 
uniformity, then the two tests in combi- 
nation would have detected the effect of 
the added water in 13 of 14 cases. For 
the 33 batches to which no extra water 
was added, lack of uniformity under this 
double-barreled criterion occurred only 
for the five which failed the strength 
limit. 

Drying Tests: 

Water content derived from either the 
centrifuge test (extended to include 
preservation and drying of the coarse as 
well as fine fractions) or the oven-drying 
test appeared to correlate in a general 
way with known additions of mixing 
water. However, variability of batches 
to which water was added was only 


slightly greater on the average than for 
the others. 

The significance of the water content 
measurements as criteria of concrete 
uniformity is difficult to evaluate. As 
shown in Fig. 5, there was a good rela- 
tionship between values determined by 
the two methods. On the average, both 
were measuring changes in water content 
within a reasonable order of magnitude, 
although the centrifuge method gave con- 
sistently higher values. There was evi- 
dence from calibration tests that this 
higher apparent water content was ac- 
tually a reflection of small losses of 
solids during the washing operation. 
Since each per cent change in water in 
terms of mortar, as plotted in Fig. 5, is 
equivalent to about 3 gal per cu yd, it 
seems evident that the test is not suffi- 
ciently sensitive to reveal significant 
differences in the concrete. Statistical 
analyses of 17 samples upon which drying 
tests were made in duplicate or triplicate 
suggest that this measure of uniformity 
is less reliable than either slump or 
strength. Chance differences equivalent 
to 3 gal of water per cu yd could be ex- 
pected oftener than once in a hundred 
times. 


Cement Content by Centrifuge: 


The data in Fig. 1(a) and 2(a) provide 
little basis for evaluating the usefulness 
of centrifuge cement content as a meas- 
ure of uniformity. The cement content 
would not be greatly affected by the addi- 
tion of water; hence, no difference be- 
tween the right and left portions of the 
diagrams would necessarily be expected. 
Whereas the known differences in water 
provided a logical basis for evaluating 
differences in strength and slump, the 
utility of the centrifuge test must be 
assessed on some other basis. 

Recently published data (12) have 
shown that centrifuge tests meticulously 


| 


ad 
1130 _Broem, Gaynor, AND WILSON -» * 
» 
made on a given sample, properly cor- In the field tests for which data are pre- 
rected for the inevitable sampling errors sented in this report, analyses for the 17 | 
in coarse aggregate content of the small samples upon which replicate determina- | 
ede BATCH 38 BATCH 39 
60 4.0 
70 
BES 60 TAG 
= 55 - 
50 50 part; 
OP s 6 7 6 9 10 “23486789 2 
is Machete SAMPLE NO. SAMPLE NO. 
BATCH 40 BATCH 41 
7.0 60 il 
40 
— L 
sof - - 
| Mi 
— be + 
5 + 
Ow 1 —— 1 
123456789 0N 12345678900 
SAMPLE NO. SAMPLE NO. f 
(a) Conventional mixture characteristics. wa 


test portions, are highly reproducible. 
Standard deviations for single tests of 
the same sample of laboratory mixed 
concrete were about 0.1 bag per cu yd. 


Fic. 3.—Conventional Mixture Characteristics and Uniformity Measures 


tions were made also showed a within- 
sample standard deviation of about 0.1 
bag per cu yd. This means that an ac- 
cidental difference as large as } bag per 


‘ 


cu yd between two tests of the same 
concrete would be expected to occur only 
about once in a hundred times. 

This evidence of satisfactory repro- 
ducibility (but not accuracy) suggests 


BATCH 38 
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in effect measures cement distribution 
only in the mortar phase. In view of the 
large amount of meticulous work and 
refined calculation involved, it can 
hardly be considered a preferred method 


BATCH 39 


to 
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for Multiple Consecutive Samples from Large Batches of Concrete. 


that the centrifuge test will provide a 
good indication of cement distribution. 
Actually, with necessary corrections for 
coarse aggregate sampling error, the test 


for detecting within-batch variations. As 
indicated later, equally revealing in- 
formation can be secured by easier 
methods. 
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Water-Cement Ratio: 


Combining the data on mixing water 
content from the drying tests with ce- 
ment content by centrifuge permits cal- 
culation of a value for water-cement 
ratio. Figures 1(a) and 2(a) suggest 
reasonably good correlation between 
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were sufficiently sensitive to detect real 
differences in the concrete. For equal 
yield of information, it appears that the 
strength tests are preferable from the 
standpoint of simplified procedure. 


Unit Weight Tests: 
Unit weight of the concrete in itself 
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; COARSE AGGREGATE (OVEN), per cent weight of concrete 


‘Fic. 4.—Relation of Coarse Aggregate in the Centrifuge Sample to the Coarse Aggregate 
the Oven Sample from Each Portion of the Batch 


variations in this characteristic and 
variations in strength, revealed by the 
similarity in shape of the plotted lines. 
High variations in strength tended to 
accompany high variations in measured- 
water-cement ratio. More will be said 
later about general water-cement ratio- 
strength relationships. In any event, the 
data indicate that the measurements of 
either strength or water-cement ratio 


in 


probably provides a minimum of useful 
information. It is affected by several 
properties of the mixture—the amount 
of coarse aggregate, the air content, the 
amount of water, and the proportions of 
sand to cement. Therefore, variations are 
difficult to interpret as to cause or signi- 
ficance. Although the data in Figs. 1(6) 
and 2(5) show some evidence of greater 
unit weight variation for batches to 
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which water was added, it appears that 
other tests will provide more definitive 
information on variations in specific 
characteristics of the concrete. 

Some of the complications of the unit 
weight test can be eliminated by reduc- 
ing it to terms of air-free mortar.® The 
weight and solid volume of coarse ag- 


main the same, a difference in air-free 
unit weight of mortar of 1 lb per cu ft 
corresponds to a change in water of 
about 2 gal per cu yd in the opposite 
direction. 

No replicate unit weight tests on the 
same sample were made in this investiga- 
tion and, therefore, statistical examina- 
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Fic. 5.—Relation of the Percentage of Water from Centrifuge and Oven Samples Taken from 
Each Portion of Batches 1 Through 37 and 42 Through 51. 


gregate and the volume of air are elimi- 
nated, leaving the density in terms of 
mortar constituents exclusive of air. Ex- 
cessive variations in that property reflect 
changes in water or in proportions of 
cement and sand. There is evidence in 
the diagrams that the test did reflect 
variations caused by the addition of mix- 
ing water. If water alone is varied, and 
the proportions of sand to cement re- 


tion of the reproducibility of the test for 
air-free unit weight of mortar is not pos- 
sible. However, experience in the labora- 
tory has shown that concrete unit weight 
measurement is easily reproducible to a 
degree such that a difference in air-free 
unit weight of mortar in excess of about 
1 lb per cu ft is almost certain indication 
of a real difference in proportions of the 
mortar ingredients. With proper regard 
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for problems of sainpling and the fact 
that some real differences in composition 
are sure to exist in all concrete, a range 
in air-free unit weight of mortar in ex- 
cess of about 2 lb per cu ft can probably 
be considered evidence of unsatisfactory 
uniformity. 


Air Content Measurement: 


only Nos. 2 to 8, 13, and 42 contained 
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entrained air to concrete quality, and 
the ease with which it can be measured, 
it would seem that this test should be 
included in any program of uniformit 
evaluation. 


Coarse Aggregate Content: 


Ranges in coarse aggregate content 
from wash-out tests show the uniformity 
of distribution of the coarse sizes 
throughout the batch. They should be 
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MINUS 100 MATERIAL (OVEN), per cent weight of mortar 


Fic. 6.—Relation of Cement to Minus 100 Material from Centrifuge and Oven Samples from 
Each Portion of Batches 1 Through 37 and 42 Through 51. 


over 3 per cent air and, hence, can reason- 
ably be classed as air-entrained. Of 
these, only batch No. 6 showed a range 
in air content larger than 1 per cent. 
One non-air-entrained batch, No. 50, 
showed a range of 1.1 per cent with 
measured values from two locations of 
0.6 and 1.7 per cent. On this limited in- 
formation, no evaluation of air content 
as a measure of uniformity is justified. 
However, the test is essential to calcula- 
tion of the air-free unit weight of mortar. 
Further, in view of the importance of 


expected also to provide evidence of 
variations in harshness of the concrete. 
The upper three lines of Figs. 1(0) and 
2(6) show within-batch differences as 
determined by three methods of meas- 
urement—separation from the small 
centrifuge and drying test samples and 
from the larger, more representative, 
unit weight sample. It is believed that 
the latter, because of its larger size, best 
represented the portion of the batch un- 
der consideration. The former two pro- 
vided information on the reliability of 
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the small size samples used. in the cen- 
trifuge and drying tests and furnished 
data for making corrections in results 
from those tests. 

An idea of the significance of varia- 
tions in amount of coarse aggregate can 
be obtained from the fact that the dif- 
ference in workability required for typ- 
ical structural concrete and that for 
massive construction or pavement cor- 
responds to a difference in coarse ag- 
gregate content of about 3 per cent by 
weight of the concrete. With allowance 
for the possibility of errors in sampling 
and testing, it would seem. that a meas- 
ured difference of more than 5 in the 
percentage of coarse aggregate by weight 
of concrete should be considered evidence 
of lack of satisfactory uniformity. Of the 
47 batches for which data are shown in 
Figs. 1 and 2, six showed coarse aggregate 
variations higher than this somewhat 


Miscellaneous Tests: 

Sieve analyses of the drying test sam- 
ples, which permitted calculation of the 
per cent of sand and of minus No. 100 
material in the concrete, appear to yield 
a disproportionately small amount of in- 
formation in relation to the testing 
complications introduced. As shown in 
Fig. 6, the minus No. 100 material is re- 
lated in a general way to centrifuge ce- 
ment content. However, since’ other 
factors such as grading and amount of 
sand, or of fines from aggregate degrada- 
tion during mixing, would influence the 
amount of minus No. 100 sizes, the sig- 
nificance of that determination is difficult 
to evaluate. 

Figures 1 and 2 clearly show that per- 
centages of sand determined from the 
drying test samples reflect almost pre- 
cisely the more easily measured varia- 
tions in coarse aggregate content. This is 
to be expected since calculation of the 
sand percentage requires use of the value 
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for coarse aggregate content. It appears, 
therefore, that the determination of sand 
percentage provides little useful infor- 
mation which is not more readily avail- 
able elsewhere. 


BATCH “PROFILES” 

From each of four batches of con- 
crete, Nos. 38 to 41, twelve samples were 
secured, evenly distributed throughout 
the discharge. The scope of tests had to 
be limited because of the large number of 
samples, but interesting data on ability 
to measure trends within the batches 
were secured. The results are summarized 
in Table IV and shown graphically in 
Fig. 3. The diagrams show the actual 
values for measured characteristics 
rather than ranges as in the earlier 
figures. 

Figure 3(a) suggests a trend in plas- 
ticity for batch No. 40, with ball penetra- 
tion decreasing from beginning to end of 
discharge. Water content measurements 
followed the same pattern. For the other 
three batches, variations in consistency 
and water appeared random with no 
very good correspondence between the 
two. 

Both batches Nos. 38 and 39 showed a 
tendency for water-cement ratio to be 
lower near the beginning than near the 
end of discharge. This can probably be 
attributed to a slight concentration of 
cement near the discharge end of the 
mixer, evidenced by higher measured ce- 
ment factors in the earlier samples. It 
may be that, with cement entering the 
mixer in the later stages of the batching 
cycle, complete and absolutely uniform 
intermingling with the aggregate was not 
being achieved. 

While the water-cement ratios were al- 
ways higher for the centrifuge than for 
the drying test samples (Fig. 3(a)) in 
view of the consistently higher water con- 
tent measurements in the former method, 
both methods showed comparable 
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changes and trends, suggesting that ran- 
dom deviations reflected problems of se- 
curing representative samples from the 
mixer rather than of the testing itself. 

The distributions of solid ingredients, 
shown in Fig. 3(6), appear consistent 
with the evidence of Fig. 3(a). In batches 
Nos. 38 and 39 the early portions of dis- 
charge contained less coarse aggregate 
than the later portions, based on the 
fairly large ‘‘field” samples (about 60 lb 
of concrete). This agrees with the trend 
noted above toward slightly higher ce- 
ment in the earlier part of discharge. 
For all batches, naturally, the sand per- 
centage moves consistently in the oppo- 
site direction from coarse aggregate 
content. 

The amounts of coarse aggregate meas- 
ured in the small centrifuge and drying 
test samples correspond in a general way 
with those from the 60-lb “field” sample. 
They tend to be more erratic, confirming 
the earlier suggestion that such small 
samples cannot be representative. The 
measure of minus No. 100 material ap- 
peared quite uniform, but its significance 
is obscure. It would be expected to cor- 
relate, at least roughly, with cement 
factor, but did not seem to. 

The procedure employed here of test- 
ing a large number of closely spaced sam- 
ples is probably too involved for routine 
checking of within-batch uniformity. 
However, for research purposes or for 
establishing over-all mixing require- 
ments and capacit*es, the method offers 
promise. 


GENERAL RELATIONSHIPS 


Interrelations among the various tests 
provide one means of evaluating their 
significance and utility. Figures 4 to 8 
present such data. 

As shown in Fig. 4, coarse aggregate 
contents determined on the small cen- 
trifuge and drying test samples, which 
should have been the same if the samples 
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had been truly representative, differed 
considerably. The drying test (oven) 
sample tended to contain less coarse ag- 
gregate than the slightly larger centrifuge 
test sample. There was evidence that the 
higher drying temperature in the former 
method (550 F as opposed to 225 F) 
may have caused some breakup of coarse 
particles, causing a slight decrease in 
material retained on the No. 4 sieve. 
Differences of the magnitude shown by 
the spread of points in Fig. 4 would cause 
errors in measured cement content of 20 
per cent or more even if the method of 
measuring the cement itself were exact. 

It should be observed that the non- 
representativeness of coarse aggregate in 
small test samples, illustrated in Fig. 4, 
need not detract from the utility of the 
centrifuge test for measuring uniformity 
of cement content. A correction can 
easily be made by measuring the coarse 
aggregate in the centrifuge sample and 
adjusting the cement factor accordingly, 
either on the basis of coarse aggregate 
put into the batch or its measurements on 
a larger sample, as was done here. The 
corrected cement content is calculated as 
follows: 


EF. Fn(100 Ca) 


where: 


F, = corrected cement factor in bags 
per cu yd or other appropriate 
units, 

F,, = cement factor measured in cen- 
trifuge test, 

C, = coarse aggregate content, per cent 
by weight, actually batched or de- 
termined on an acceptably rep- 
resentative sample, and 

C, = coarse aggregate content, per cent 
by weight, of centrifuge test sam- 
ple. 

It is evident that, for purposes of com- 

parison, cement content expressed in 
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terms of mortar is just as revealing as 
the corrected value in terms of concrete, 
when information on coarse aggregate 
distribution is secured separately. 
Figure 5, already mentioned in con- 
nection with discussion of within-batch 
comparisons among concrete character- 
istics, shows that water contents meas- 
ured on the centrifuge sample and by the 
drying test were quite closely related. 
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Fic. 7.—Water-Ratio Versus Compressive 
Strength for 47 Batches from 4 Producers. 


7-DAY COMPRESSIVE STRENGTH, psi! 


The former gave measurements, in terms 
of weight of mortar, which were about 1.5 
per cent higher than those from the dry- 
ing test. Although the relationship is 
good, it may be deceiving with regard to 
the utility of the tests for detecting 
within-batch variations. Test differences 
of the magnitude suggested by the spread 
in points of Fig. 5 would be equivalent 
to as much as 8 gal of water per cu yd 
(even disregarding the few widely di- 
vergent points). This is far beyond the 
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error which could be tolerated in making 
within-batch comparisons. 

As would be expected, there was a 
general relation between cement as de- 
termined in the centrifuge test and the 
minus No. 100 sieve fraction extracted 
from the drying sample (Fig. 6). The 
scatter of points is such as to suggest that 
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Fic. 8.—Relation of Strength to Water Ratio 
for 15 Batches from 4 Producers and Having a 
Strength Variation Greater Than 10 Per Cent 
Between Samples. 


one or both of the methods was insuffi- 
ciently precise to provide reliable checks 
on uniformity of concrete. As mentioned 
earlier, the minus No. 100 sieve size in- 
cludes material other than cement and 
would not necessarily give a consistent 
indication of cement content. 

Figures 7 and 8 show relationships be- 
tween water-cement ratio and strength. 
Average points for individual batches, 
in Fig. 7, yield quite well defined curves 
for each producer. Apparently the meas- 
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urements of water-ceiment ratio were ac- 
curate enough on the average to relate 
well to strength. Perhaps of more signi- 
ficance is the evidence that strength will 
yield as good information on changes in 
water-cement ratio as the more involved 
direct measurement. The different levels 
of the curves in Fig. 7 can be attributed 
to differences in materials, particularly 
cement, used by the several producers. 

Figure 8 illustrates the ability of 
strength measurement to detect changes 
in water-cement ratio from portion to 
portion of the batch. The connected pairs 
of points represent test samples from the 
same batch which differed by more than 
10 per cent of the average strength. In 
only two cases do the slopes of the lines 
contradict the expected relation of re- 
duced strength with increased water- 
cement ratio. Examination of the raw 
data strongly suggests that, for the more 
outstanding of those two cases, the 
strength results were reversed, but this 
cannot be proved conclusively. In the 
other case, the strength difference was 
just barely 10 per cent, which may have 
been within the range of accidental varia- 
tions. Regardless of how the non-con- 
forming lines are interpreted, it is clear 
that the strength tests were capable of 
detecting within-batch differences in 
water ratio. 


FIELD VERSUS LABORATORY PROCEDURE 


Examination of within-sample ranges 
for the centrifuge and drying tests sug- 
gests that careful reduction of samples to 
test size in the field is about as satisfac- 
tory as performing all possible sample 
reductions in the laboratory. The number 
of cases with replicate tests on a given 
sample were too few to provide for sta- 
tistical analyses. However, for ten pairs 
of drying tests on field-secured samples, 
the average range in water content was 
actually slightly lower than for ten simi- 
lar pairs removed from composited 
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samples in the laboratory. In the case of 
the centrifuge test, the average within- 
sample range in cement was higher for 
field-secured samples, but the difference 
was due entirely to a single apparently 
erratic value. 

When strength test cylinders were 
molded in cardboard molds and left on 
the job the first day, results were less re- 
producible than for specimens fabricated 
in the laboratory in steel molds. For the 
former, the within-sample coefficient of 
variation, based on ranges for 22 sets of 
3 cylinders, was 2.4 per cent compared 
with 1.4 per cent for 101 sets molded in 
steel in the laboratory. While this differ- 
ence is no doubt significant, the repro- 
ducibility is so good in either case that 
the advantage of laboratory procedure is 
of little practical importance. 

The comparisons between field and 
laboratory emphasis in,conduct of uni- 
formity tests, although quite limited, 
suggest that good results can be secured 
either way. When laboratory facilities 
are conveniently available, it would seem 
logical to take advantage of the slightly 
better control they provide. Obviously 
some testing, such as slump, must be 
performed in the field. On the other hand, 
some portion of certain tests—cement 
content, sieve separations, and strength 
—require laboratory equipment not eas- 
ily portable. It is only for such operations 
as subdividing samples, molding cylin- 
ders and performing tests for air content 
and unit weight, that a choice between 
the field and laboratory environment is 


available. 
ConcLusions | 


The investigation demonstrated that 
a wide variety of tests will provide useful 
information on within-batch variations 
in concrete. Some are easily made with 
ordinary field testing equipment while 
others involve refined laboratory proce- 
dures and meticulous care on the part of 
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skilled personnel. The selection of a pro- 
gram of sampling and testing will depend 
upon the object for which uniformity is 
being evaluated. 

The program described was directed 
primarily to establishing a basis for eval- 
uating the efficiency of truck mixers. 
Such a procedure is needed for checking 
required amount of mixing, establishing 
capacities, detecting blade wear, and 
evaluating batching sequences. For such 
purposes, it appears that a minimum 
routine should involve two samples, 
carefully taken to be representative of 
early and late portions of the discharge 
— probably about the $ and @ points. 
At the least, each sample should be 
tested for slump, weight per cubic foot, 
air content, percentage of coarse aggre- 
gate by wash-out test, and compressive 
strength. These tests are easily made and 
involve a minimum of special refinement 
to usual concrete testing techniques. 
They provide information on the impor- 
tant characteristics which should be 
maintained uniform: consistency, work- 
ability, air content (as evidence of po- 
tential durability), water content, and 
strength. 

The following limits appear to define 
the approximate maximum differences 
likely to occur in reasonably uniform 
batches. Greater differences can be in- 
terpreted as evidence of unacceptable 
uniformity: 

1. Slump, 2 in. (With each portion 
represented by duplicate tests, a differ- 
ence greater than about 1} in. should be 
viewed with suspicion.) 

2. Coarse aggregate content, 5 per 
cent by weight of concrete. (This is about 
the equivalent of saying, for typical con- 
crete, that the amount of coarse aggre- 
gate per unit volume shall not vary more 
than 10 per cent.) 

3. Air content, 1 per cent. (This value 
is largely intuitive, based on the need for 
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reasonable assurance that air content will 
be adequate for durability protection.) 

4. Compressive strength, 10 per cent. 

5. Air-free unit weight of mortar, 2 lb 
per cu ft. (This is approximately equiva- 
lent to the + 0.8 per cent limit set by the 
Bureau of Reclamation (17). It is con- 
sistent with evidence derived in this 
study from batches to which water was 
added and were, therefore, known to 
have varied in composition. The value 
can be calculated from the unit weight 
of concrete, adjusted for coarse aggregate 
and air contents.) 

Additional information can be secured 
from the centrifuge cement content test 
and the drying test, although the latter 
probably adds little to the indications of 
slump and strength tests. Because of the 
small size of sample used, with its ques- 
tionable representation of coarse aggre- 
gate, the centrifuge test should be relied 
upon only to indicate variations in com- 
position of the particular batch of con- 
crete, not as a check on the cement fac- 
tor itself. The test is quite involved and, 
in most cases of mixer evaluation, its 
yield of information would hardly be 
commensurate with the time and labor 
required. 

Increasing the number of samples from 
each batch will yield additional informa- 
tion. When that is done, proper recogni- 
tion should be given to the fact that the 
incidence of large accidental differences 
in test results will increase with the num- 
ber of sampies. Therefore, application of 
the limits suggested above should be 
made with caution. 

The testing procedure outlined should 
be applicable to the following: 

1. Determining amount of mixing re- 
quired to assure uniformity. 

2. Determining the amount of con- 
crete which can be satisfactorily mixed 
in a given mixer. 

3. Establishing efficient mixing speeds. 
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4. Checking the condition of mixer 
blades. 

5. Determining the efficiency of equip- 
ment for introducing water into the 
truck mixer. 
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Carvin C. OLEson.'—In the re- 
port by Bloem, Gaynor, and Wilson, it 
would appear that the specification’ that 
has been approved by Committee C-9 
on Concrete and Concrete Aggregates as 
a Tentative Revision of Specification 
C 94 is either too restrictive or that dif- 
ferent values should be applied to transit 
mixers than are being applied to central 
mixers. For central mixers, the Task 
Force has established that samples 
should represent the end of the first tenth 
and the beginning of the last tenth of 
the batch. The tests by Bloem et al repre- 
sent the end of the first sixth and be- 
ginning of the last sixth, which has the 
effect of approaching more closely the 
middle of the batch. This is usually the 
portion that is uniform if there is any 
uniformity at all in the batch. 

The report by Bloem, Gaynor, and 
Wilson offers tolerances in slump, air 
content, and other controls that are 
considerably broader than those estab- 
lished for large central mixers. Perhaps 
time and experience will show that the 
tolerances given in the revision of Sec- 
tion 9(c) are too strict and should be 
relaxed. Perhaps, too, the portions of the 
batch that are being compared are too 
close to the extremes, although that will 
always remain a matter of opinion with 
individual engineers. 

Mr. J. J. Wuite.2—I do not question 
the worth of suitably prepared and 

1 Principal Research Engineer, Portland Ce- 
ment Assoc., Research and Development Lab- 
oratories, Skokie, II. 


2 Parsons, Brinckerhoff, and Doug- 


las, Engineers, New York, N. Y ws 
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tested concrete cylinders. Undoubtedly, 
the reports of such tests are the best 
information available of the concrete, 
prior to its placement in the structure, 
as conformance to the requirements of 
the specifications for proportions, mix-— 
ing, and transporting. I grant that it 
may be deduced from such reports that 
the hardened concrete in the structure 
will also conform to the requirements of | 
the specifications, but such deductions — 
leave entirely too much to speculation 
as to the successive steps of suitably ( 
constructed and braced formwork, plac- 
ing, vibrating, curing, and finishing. I 
am not unmindful of the part that in- 
spection should play in such field work. 
Admittedly, impact hammer and sonic. 
testing methods are not the last word. — 
In any event, it is my hope that in due’ 
time this Society will devote a small part | 
of the interest now directed to testing 
the compressive strength of concrete 
cylinders to effective tests of the hard-— 
ened concrete in place in the finished ~ 
structure. 
Messrs. D. L. BLoem, R. D. Gaynor, 
AND J. R. WiLson (authors? closure).—_ 
Mr. Oleson observes that tolerances on 
the uniformity of concrete characteris 
suggested by the authors are broader — 
than permitted for central mixers in a a 
tentative revision of ASTM Specifica- 
tions C 94. In the opinion of the authors, 
the two sets of limits are not directly 
comparable. Specifications C 94 estab-— 
lishes criteria which may be used as a 
basis for waiving arbitrary mixing time 
requirements. The burden of proof is 
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placed on the mixer to demonstrate its 
capability of producing a high degree of 
uniformity; hence the limits are, as they 
probably should be, quite stringent. They 
define ranges within which good uni- 
formity can be considered proven be- 
yond reasonable doubt. On the other 
hand, the variations discussed by the 
authors were presented as defining maxi- 
mum limits beyond which uniformity was 
considered to be unacceptable. 

Tolerances mentioned in the paper are 
in good agreement with criteria suggested 
by other investigators for use in mixer 
evaluation. The Bureau of Reclamation*® 
uses a range of +0.8 per cent in air free 
unit weight of mortar and +5 per cent 
in weight of coarse aggregate per unit 
volume of concrete as maximum permis- 
sible variations within a batch. Except 
for differences in units used in their 
expression, these are virtually identical 
to the values stated by the authors. 

A recent paper by I. Narrow‘ sets 
tentative limits for permissible ranges 
at 1 in. for slump, 20 per cent for volume 
of air per unit volume of concrete, 8 per 
cent for coarse aggregate content, and 
10 per cent for strength. Here again, 
except for the lower tolerance on slump, 
the values are in good agreement with 
the authors’. A report of the U. S. Army 
Waterways Experiment Station,® issued 
subsequent to the paper under discussion, 
suggests limits of +8 per cent on air- 


3U. S. Bureau of Reclamation, Concrete 
Manual (Sixth Edition, 1955), U. 8S. Govern- 
ment Printing Office, Washington 25, D. C. 

*I. Narrow, ‘Performance Tests of Field 
Concrete Mixers,” Proceedings, Am. Soc. 
Testing Mats., Vol. 60, p. 1047 (1960). 

5U. S. Army Engineer Waterways Experi- 
ment Station, ‘Development of Method of 
Test for Concrete Mixer Performance,” Tech- 
nical Report No. 6-562, March, 1961. 
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free unit weight of mortar and +5 per 
cent on coarse aggregate content. The 
State of California Division of Highways 
employs a wash-out test to determine 
the quantity of coarse aggregate in con- 
crete.® A difference of 15 per cent from 
the batched quantity of sizes larger than 
? in. is considered evidence of objection- 
able lack of uniformity. That difference, 
expressed in terms of total aggregate, 
would be comparable in magnitude to the 
limits mentioned above. 

In summary, published literature sup- 
ports the authors’ suggested bases for 
distinguishing concrete which is demon- 
strably non-uniform. 

Mr. Oleson also raises the question of 
whether batches should be sampled at 
one-tenth or one-sixth of the distance 
from each end. This would appear to be 
a matter of judgement. The object is to 
assure that widely separated points are 
represented without use of the absolute 
extremes which, in any mixer, are likely 
to be non-representative. In any event, 
for most mixers, the amount of concrete 
between the one-tenth and one-sixth 
points is probably too small to be esti- 
mated. 

The authors agree with Mr. White that 
strength tests of cylinders do not provide 
a quantitative evaluation of the structure 
itself. In the reported test program, the 
strength tests were merely one of several 
bases upon which mixing efficiency was 
evaluated. Uniformity of fresh concrete 
is a necessary precursor to the high 
quality in the finished structure sought 
by Mr. White. 

®State of California Department of Public 
Works, Division of Highways, Method of Test 
for Proportions of Coarse Aggregate in Fresh 


Concrete, Method No. Calif. 529-A, Materials 
Manual, August, 1960. 
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similar concrete without fly ash. 


A report entitled “Use of Fly Ash in 
Concrete” was presented at the 1956 
Annual Meeting of the Society.? That 
report covered the properties of concrete 
prepared with four fly ashes as replace- 
ments for either 3 or 4 of the volume of 
the cement. The fly ashes differed widely 
in carbon content. Two type I portland 
cements were used, one having a high 
alkali content and the other a low alkali 
content. 

In the discussion of the 1956 report, 
several questions were raised regarding 
the use of fly ash. As a result of these 
questions and others received at a later 
date, further tests were made. 

One of the questions raised was 
whether fly ash could be used as a re- 
placement for part of the cement in con- 

* Presented at the Sixty-fourth Annual Meet- 
ing of the Society, June 25-30, 1961. 

1 Highway Research Engineers, U. 8S. Dept. 
of Commerce, Bureau of Public Roads, Wash- 
ington 25, D. C. 

2A. G. Timms and W. E. Grieb, “Use of 


Fly Ash in Concrete,’’ Proceedings, Am. Soc. 
Testing Mats., Vol. 56, p. 1139 (1956). 


_ CONCRETE CONTAINING FLY ASH AS A REPLACEMENT FOR 
PORTLAND BLAST-FURNACE SLAG CEMENT* 


By W. E. Gries! anp D. O. WootF! 


SYNOPSIS 


_ This paper reports the results of test on the use of fly ash as a replacement 
for part of the cement in concrete prepared with portland cement and portland 
blast-furnace slag cement and tests of a recommended adjusted mix contain- 
ing fly ash. These tests show that fly ash can be used satisfactorily as a replace- 
ment for portland cement or portland blast-furnace slag cement, but the 

. properties of the concrete are affected by the carbon content of the fly ash. It 
i: is indicated that the amount of fly ash used should be correlated with the 
amount of lime released by the cement. It also indicates that the adjusted 

of mix, containing a low-carbon fly ash, will give strengths at 28 days equal to 


crete mixes prepared with portland 
blast-furnace slag cement. This cement 
is defined as an intimately interground 
mixture of portland-cement clinker and 
granulated blast-furnace slag. The slag 
content in the final product is limited to | 
25 to 65 per cent by weight.’ The finely 
ground slag is, by itself, only slightly 
cementitious. Concern was expressed 

over the possibility that a further dilu-— 

tion of the cement constituent by replac- 

ing part of this cement with fly ash 
might cause the concrete to have un- 
favorable strength characteristics. Al- 
though fly ash has a pozzolanic reaction 

with lime liberated by portland cement 
during hydration, there was a question of 
whether sufficient lime would be avail- 

able for this reaction. a 

In the first part of this investigation, 

tests, identified as series I, were made on 
concretes prepared with portland ce- 


3 Tentative Specifications for Portland Blast- 
Furnace Slag Cement (C 205-58T), 1960 
Supplement to ASTM Book of Standards, 
Part 4. 
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ments and with poruand blast-furnace 
slag cements in which $ of the cement by 
volume was replaced by fly ash. 


GRIEB AND WOOLF ON CONCRETE CONTAINING FLy ASH - : 


of concrete to attack by calcium chloride 
used for ice removal. 
In the discussion of the 1956 report, a 


TABLE I.—CHEMICAL COMPOSITION AND PHYSICAL PROPERTIES OF CEMENTS 
AND FLY ASHES. 


Portland Cements F Por Fly Ashes 
B-I E-I B-IS E-IS B Y 
Chemical composition, per cent 
EDI, Peer 20.8 21.3 26.2 26.1 49.2 38.5 
Ee rer 3.1 3.5 2.3 2.4 16.2 18.8 
Magnesium oxide................... 2.8 7 3.6 2.8 1.4 1.0 
1.8 2.3 2.3 2.2 2.7 0.6 
0.09 0.15 0.09 0.15 2.00 0.60 
EEE 0.15 1.02 0.20 0.91 2.35 1.88 
Total equivalent alkalies as Na,O.... 0.19 0.82 0.22 0.75 3.55 1.84 
0.16 0.20 0.73 0.26 
Chloroform, soluble................. 0.003 0.003 0.006 0.008 stat ahs 
Computed compound, per cent 
Tricalcium silicate.................. 7 43 
Tricalcium aluminate............... 8 9 
Tetracalcium aluminoferrite........ 9 11 
Slag used in manufacturing, per cent 45 35 
Physical properties 
Apparent specific gravity............ 3.12 3.14 3.03 3.03 2.52) 2.43 
Specific surface, sq cm per g......... 3325 3555 4820 3605 « 4305 3220 
Passing 325 sieve, per cent........... 87.5 96.2 97.6 94.9 95.2 89.4 
Autoclave expansion, per cent........ 0.06 0.04 0.00 0.00 rate 
Normal consistency, per cent........| 23.8 26.5 7.2 26.6 
Time of setting (Gillmore) 
Compressive strength, 1:2.75 mortar 
2625 3525 2630 2360 
Mortar air content, per cent......... 10.4 9.4 7.4 9.2 


@ Determination made at 600 C. 


The 1956 investigation indicated that 
a direct replacement of either § or } of 
the portland cement by fly ash resulted 
in reduced strength of the concrete at all 
ages through 28 days. It was also found 
that replacement of 3 of the cement by 
fly ash adversely affected the resistance 


producer of fly ash recommended the use 
of an adjusted mix containing fly ash to 
furnish good early strength and resist- 
ance to scaling of concrete. In this mix, 
the cement content was reduced from 
6.0 to 5.25 bags per cu yd, the sand-to- 
total aggregate ratio was reduced 2 per 
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cent, and an addition of 100 lb (approxi- 
mately 1} bags) of fly ash was made. 
To determine the effect of this mix on 
the durability and strength of concrete, 
tests identified as series II were made. 


MATERIALS 


In this investigation, tests for com- 
pressive and flexural strength and for 
durability were made on air-entrained 
concrete mixes prepared with two fly 
ashes and four cements. The fly ashes 
were similar to those used in the previous 
investigation, but different cements were 
used. 

The two fly ashes used were identified 
as B and Y and corresponded to fly ashes 
B and Y used in the previous investiga- 
tion. Fly ash B had a low carbon content 
(0.6 per cent) and fly ash Y had a high 
carbon content (11.2 per cent). ASTM 
Tentative Specification C 350 - 60 T‘ 
limits the loss on ignition of fly ash to 
12 per cent, this loss on ignition being 
due mainly to the carbon content. Both 
fly ashes met this requirement. 

The cements used included a type I 
portland cement and a type IS portland 
blast-furnace slag cement from each of 
two cement plants. The same clinker 
was used in the manufacture of the two 
types of cement from the same plant. 
These cements are identified as cements 
B-I and B-IS, and E-I and E-IS, and 
correspond to the cements of the same 
identification reported in a previous in- 
vestigation of portland blast-furnace 
slag cement in concrete.® The two ce- 
ments from source B were low alkali 
cements and those from source E were 
high alkali. 

4Tentative Specifications for Fly Ash for 
Use as an Admixture in Portland Cement Con- 
crete (C 350 — 60 T), 1960 Supplement to ASTM 
Book of Standards, Part 4. 

5W. E. Grieb and George Werner, ‘Final 
Report of Tests of Concrete Containing Port- 


land Blast-Furnace Slag Cement,”’ Public Roads, 
1961. 


The chemical composition and a 
cal properties of the fly ashes and ce- 
ments are given in Table I. 

The aggregates were similar to those 
used in the previous investigation—a 
siliceous sand and a crushed limestone. 
The concretes for strength tests were 
made with 1}-in. maximum size coarse 
aggregate, and for durability tests the 
maximum size was 1 in. A commercially 
available aqueous solution of neutralized 
Vinsol resin was used to entrain air. 


Mix PROPORTIONS 


The mix data for all concrete speci- 
mens are given in Table II. All tests 
were made on air-entrained concrete. The 
control mixes without fly ash were de- 
signed for a cement content of 6.0 bags 
of cement per cu yd of concrete with a 
slump of 3 in. and an air content of 5 
per cent. 

One percentage replacement of fly 
ash (334 per cent) was used for series I. 
In the 6-bag mix, 2 bags of cement were 
replaced by an equal solid volume of fly 
ash. Because of the differences in the 
specific gravities of the materials, 74 lb 
of fly ash B or 72 lb of fly ash Y was 
equivalent to the solid volume of a 94-Ib 
bag of cement. The weight of the fine 
and coarse aggregates per cubic yard of 
concrete were the same for the mixes 
with and without fly ash. 

This amount of fly ash is more than 
would ordinarily be used in highway con- 
struction. However, if this amount could 
be used without detrimental effects, 
then lesser amounts could also be used. 

For the series II tests, the mixes 
without fly ash were the same as those 
used in series I. Where fly ash was used, 
the mix was adjusted as recommended 
by the producers of fly ash. Three- 
quarters of a bag of cement (70.5 *_, 
was replaced by 1}-bags of fly ash 
(100 Ib), and to compensate for the 
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greater volume of fly ash as compared 
with the volume of cement replaced, the 
sand content was reduced by approxi- 


TABLE II.—CONC 


GRIEB AND WooLF ON. CONCRETE CONTAINING FLy ASH 


B generally required slightly less water 
than was required for the corresponding 
mix without fly ash. Where fly ash Y 


RETE MIX DATA. 


Cement Fly Ash Mixes for Strength Tests*® Mixes for Durability Tests* 

Source [Type] | § 28 Sk § (352) SR 

< a =< |< a |& < |< 

Series I 
ee I | 6.0 | None| None} 31.2/ 3.1 |146.8) 4.6 | 100 | 34.4] 2.4 |145.5] 4.9 | 100 
4.0 148 | 31.0] 3.3 |146.2| 4.7 | 202 | 31.3] 2.0 |144.9] 5.8 | 171 
4.0 ¥ 144 | 31.5] 3.0 |145.4| 5.2 | 617 | 35.8] 2.9 |144.7| 4.2 | 500 
B .| IS | 6.0 | None | None | 31.9] 2.9 |147.2| 4.8 | 100 | 35.3] 2.9 |145.5] 4.2 | 100 
4.0 B 148 | 29.8! 2.9 |146.8] 4.2 | 104 | 35.2] 2.7 |143.5| 5.9 | 129 
4.0 Y 144 | 31.5) 2.7 |145.1| 4.8 | 239 | 34.1] 2.6 [140.2] 6.7 | 321 
I | 6.0 | None| None! 31.5] 2.9 |147.4| 5.4 | 100 | 34.5] 2.6 [145.5] 5.1 | 100 
4.0 B 148 | 31.3] 2.9 |147.5] 4.7 | 138 | 32.7] 2.5 |145.5| 5.2 | 157 
4.0 Y 144 | 32.1) 3.0 |145.9] 5.1 | 447 | 35.9] 2.6 1144.7] 4.9 | 429 
IS | 6.0 | None | None | 31.6} 2.8 |146.4| 5.1 | 100 | 35.0) 2.8 |143.5] 5.8 | 100 
4.0 B 148 | 20.4] 3.3 |146.6] 4.6 | 169 | 33.0] 3.2 |142.7| 5.5 | 143 
4.0 Y 144 | 31.7] 3.0 |146.7| 4.2 | 434 | 36.6) 3.2 |142.7] 4.5 | 386 
Series II 

I | 6.0 | None} None} 31.2) 3.1 {146.8} 4.6 | 100 | 34.4] 2.4 |145.5] 4.9 | 100 
5.25| B 100 | 31.3) 3.2 |147.2} 4.5 | 183 | 32.8] 2.2 |146.9] 5.0 | 143 
5.25| Y 100 | 31.8} 3.2 |146.1|) 4.9 | 488 | 35.5] 2.4 145.1! 4.2 | 357 
B IS | 6.0 | None} None 35.3) 2.9 |145.5) 4.2 | 100 
5.25 100 34.2} 2.0 |146.3] 4.2 | 107 
5.25.) Y 100 36.2| 2.5 |145.7| 4.2 | 214 
I | 6.0 | None| None | 31.5| 2.9 |147.4| 5.4 | 100 | 34.5) 2.6 [145.5] 5.1 | 100 
5.25| B 100 | 30.6] 2.8 |146.6] 5.1 | 173 | 34.8) 2.5 |145.5| 4.4 | 129 
5.25 | Y 100 | 32.1] 3.0 |146.7] 4.9 | 334 | 36.4] 3.1 [144.5] 4.5 | 286 
E .| 18 | 6.0 | None | None 35.0} 2.8 |143.5| 5.8 | 100 
5.25 | B 100 35.2) 3.1 |143.3] 5.5 | 129 
5.25} Y | 100 37.1| 3.0 |144.1| 4.4 | 314 


* Proportions for mixes without fly ash were 94 lb cement; 170 Ib sand; 350 Ib limestone. 
> Relative amount of air-entraining admixture used, amount in concrete without fly ash con- 


sidered as 100 per cent. 


mately 45 lb per cu yd. The weight of the 
coarse aggregate per cubic yard of con- 
crete was the same for the mixes with 
and without fly ash. 

Table II shows that for both series I 
and II, the mixes prepared with fly ash 


was used, slightly more water was gen- 
erally required than for the mix with- 
out fly ash. This was true for both the 
concretes prepared with the portland 
cements and for those prepared with the 
portland blast-furnace slag cements. _ 


|| ——— 


The amount of air-entraining admix- 
ture required to obtain air contents of 4 
to 7 per cent was greater for all mixes 
containing fly ash replacement than for 
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TABLE III.—RESULTS OF STRENGTH TESTS.* 
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mixes without fly ash, more air-entrain- 
ing agent was required for the concretes 
prepared with the slag cement than for | 
those prepared with the portland cement. 


Comment Fly Ash | Strength Ratio? 
if cati Flexural Compressive 
|Identif-| 2 | -g | B 7 | 
Series I j 
B.. I | 6.0|None| ... | 585| 755| 3580| 5340| 6900|100 |100 |100 |100 |100 | 100 
B 148 | 420} 630} 980) 2240) 4050) 7280/ 72 | 83 |/122 | 63 | 76 | 106 
4.0 . 9 144 | 325) 550) 920) 1730) 3190) 6040) 56 | 73 |115 | 48 | 60 88 
IS | 6.0 | None| ... | 750] 935) 3360) 6180) 8250/100 |100 |100 |100 |100 | 100 
4.0 B 148 | 410) 695) 920) 2160) 4950) 7590) 78 | 93 | 98 | 64 80 92 
4.0 4 144 | 345) 615) 900) 1660) 3850) 6990) 66 | 82 | 96 | 49 | 62 85 
E.. I 6.0 | None| ... | 685| 780] 790) 4340] 5410) 6650/100 |100 |100 |100 |100 | 100° 
4.0 B 148 | 555! 780) 975) 3210) 4980) 7550) 81 |100 |123 | 74 | 92/114 | 
4.0 ¥ 144 | 420) 640) 950) 2380) 3950) 6290) 61 | 82 |120 | 55 | 7. 95 
IS | 6.0 | None| ... | 495| 720] 935] 2680) 4460) 6450/100 |100 |100 |100 |100 | 100 
B 148 | 370] 740} 920) 1930) 3750) 5670) 75 |103 | 98 | 72 | 84 | 88 
4.0 ¥ 144 | 290) 490) 895) 1390) 2980) 4950) 59 | 68 | 96 | 52 | 67 a 
Series II ; 
I 6.0 | None} ... | 585 755) 800 |3580 (5340 |6900)100 |100 |100 |100 |100 | 100 
5.25) B 100 | 515) 750) 985 |3350 |5280 |8550) 88 | 99 |123 | 94 | 99 | 124 
5.25) Y 100 | 490] 705] 955 |2890 |4680 |7680| 84 | 93 119 | 81 | 88 | 111 
I | 6.0 | None| ... | 685) 790 |4340 (5410 |6650/100 |100 |100 |100 | 100 
5.25) B 100 | 630) 780) 895 |3890 |5430 |7740) 92 |100 |113 | 90 |100 | 116 
5.25) Y 100 | 590} 685) 775 |3530 |4920 |7190) 86 | 88 | 98 | 81 | 91 | 108 


“ Each value is average of three tests. 
» Based on strength of concrete without fly ash. 


the corresponding mixes without fly ash. 


Where fly ash B was used, from 4 to 


102 per cent more air-entraining admix- 
ture was needed and for fly ash Y the 
amount increased to 139 to 517 per cent. 
The relative amounts varied according 
to the type and source of the cement, the 
size of the coarse aggregate, and the 
carbon content of the fly ash. For the 


(Relative Strength in previous report.) 


MIXING, FABRICATING AND CURING , 


OF SPECIMENS 


All mixing was done in an open-pan 
type mixer in accordance with usual 
laboratory procedures. The fly ash was 
added to the mix with the cement. All 
tests on the plastic and hardened con- 
cretes were made in accordance with the 
applicable ASTM method. The speci- 


mens prepared for strength tests were 6 
by 12-in. cylinders and 6 by 6 by 21-in. 
beams which were tested at ages of 7 
and 28 days, and 1 yr. All specimens 
were stored in moist air until tested. 
Freezing-and-thawing tests were made 
on 3 by 4 by 16-in. beams in accordance 
with the ASTM Method C 292° for slow 
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the ice had melted, the chloride solution 
was washed off and fresh water left on 
the surface of each slab. The slabs were 
examined periodically and rated for 
amount and depth of scaling of the ex- 
posed surface. They were subjected to a 
total of 40 applications of calcium chlo- 
ride. 


195 
125 T 


Portland BlasF urnace urnoce — 
100 Slag Cemen Slag Cement 
| | 
! 
Portiond 
| Cement Cement 
Source B Cements Sou ~ 4 Cements Source B Cements Source B Cements 
Fly AshB Fly Ai Fly Ash B Fly Ash Y 


Strength Ratio of Concrete Without Fly Ash, per cent 


- 


| 
+ 


| | 

Source E Cements Source E Cements Source E_Cements Source E Cements 
Fly Ash B Fly Ash Y Fly Ash B Y 

2s (a) () 
7 28 365 7 28 365 7 28 365 7 28 


(a) On compressive strength. 


365 


Age, doys (Log Scale) 


(6) On flexural strength. 


Fic. 1.—Effect of Replacement of One Third of Portland or Portland Blast-Furnace Slag Cement 


by Fly Ash. 


freezing and thawing in water. Freezing 
and thawing was continued for 250 
cycles or until the specimens showed an 
average loss in N? of 40 per cent. 
Outdoor exposure tests were made on 
16 by 24 by 4-in. slabs. A dam was cast 
around the top perimeter of each speci- 
men and when freezing and thawing was 
expected, the top surface was covered 
with } to } in. of water. Each morning 
after the water had frozen, flake calcium 
chloride was spread over the ice at a 
rate of 2.4 lb per sq yd of surface. After 


6 Tentative Method of Test for Resistance of 
Concrete Specimens to Slow Freezing and Thaw- 
ing in Water or Brine (C 292-57 T), 
Book of ASTM Standards, Part 4. 


1958 


STRENGTH TESTS 


The results of the compressive’? and 
flexural strength® tests on concrete with 
and without fly ash replacement are 
given in Table III. This table also gives 
the strength ratios of the concrete pre- 
pared with fly ash expressed as a per- 
centage of the strength of the corres- 
ponding concrete without fly ash. This 


7 Method of Test for Compressive Strength 
of Molded Concrete Cylinders (C 39 — 59), 1958 
Book of ASTM Standards, Part 4. 

8 Method of Test for Flexural Strength of 
Concrete (Using Single Beam with Third-Point 
Loading) (C 78-59), 1958 Book of ASTM 


| 
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was referred to in the previous report 
as relative strength. 

Average values for the compressive 
strength ratios of the concrete for series 
T at various ages are shown in Fig. 1(a). A 
direct comparison is shown between the 
concretes prepared with the portland 
cement and the slag cement from the 
same source. 

The upper diagrams of Fig. 1(a) show 
the compressive strength ratios of the 
concretes prepared with the two types of 
cement from sources B and containing 
the two fly ashes as replacements for 4 
of the cement. These diagrams show 
that at 7 and 28 days the strength ratios 
of the slag cement concretes were slightly 
higher than the strength ratios of the 
corresponding portland-cement con- 
cretes, regardless of whether fly ash B or 
fly ash Y was used as a replacement. At 
1 yr, the strength ratios of the portland- 
cement concretes were higher than the 
strength ratios of the slag cement con- 
cretes for both fly ashes B and Y. Values 
given in Table IIT show that at 28 days 
and 1 yr, the actual compressive 
strengths of the concretes prepared with 
the slag cement from source B, with and 
without fly ash, were higher than the 
actual strengths of the corresponding 
concretes prepared with portland ce- 
ment. 

The lower diagrams of Fig. 1(a@) show 
the compressive strength ratios of the 
concrete prepared with the two types of 
cement from source E, with the two fly 
ashes as replacements for } of the 
cement. At all ages, the strength ratios of 
the concretes prepared with the portland 
cement were greater than the strength 
ratios of the portland blast furnace slag 
cement concretes. At 7 and 28 days, there 
was little difference between the strength 
ratios of the concrete prepared with the 
two types of cement, but at 1 yr the 
difference between them. was _pro- 
nounced. Table III shows that the actual 


compressive strengths at all ages were 
lower for the concrete prepared with the 
slag cement from source E than for the 
corresponding portland-cement concrete. 

The compressive strength ratios of the 
concrete prepared with the portland 
blast furnace slag cement and containing 


3 fly ash replacement were lower than | 


100 per cent. In the four combinations of 


cement and fly ash, these ratios increased _ 


as the age of the concrete increased. It 


appears unlikely, however, that these 
strengths of fly ash concrete would _ 
eventually equal the strengths of the ~ 


corresponding concrete without fly ash. 


Conversely, at 1 yr the compressive — 
strengths of the concretes containing 


portland cement and fly ash B had ex- 
ceeded the strengths of the corresponding 
concretes without fly ash. 

The flexural strength ratios of the 
concretes for series I are shown in Fig. 


1(b). The upper diagrams show the 
flexural sirength ratios of the concretes _ 


prepared with the two fly ashes as re- 
placements for 3 of the two types of 
cement from source B, and the lower 
diagrams show the flexural strength 
ratios for concretes prepared with ce- 
ments from source E. 

The same trends are shown for flexural 
strengths as were shown for compressive 
strengths. That is, the strength ratios of 
the concretes prepared with the portland 
blast furnace slag cement from source B, 
were higher at 7 and 28 days and lower 
at 1 yr than the strength ratios of corre- 
sponding concretes prepared with the 
portland cement. The strength ratios of 
the concretes prepared with the portland 
blast furnace slag cement from source E 
were lower at all ages, except for the 28- 
day test of concrete containing fly ash B. 
Table III shows that at 1 yr the actual 
flexural strengths of the portland blast-— 


furnace slag cement concretes with 3 fly _ 
ash were higher than the actual strengths _ 
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of the concretes prepared with portland 


cement without fly ash. 


Strength tests using the adjusted mix 
recommended by the producer of fly ash 


_ were made only with the type I portland 


cement. The results of these tests and 
the strength ratios of this concrete are 


- given in Table III as series II and are 


shown in Fig. 2. This figure also shows a 


- comparison between the strength ratios 


Strength Ratio of Concrete Without Fly Ash, per cent 
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had higher strengths, but when cement 
E was used, the strengths were lower. 
The results of these tests support the 
claim of the fly ash producer that the 
adjusted mix will give good concrete 
strengths at early ages. The average 
compressive strength ratio of the ad- 
justed mixes prepared with fly ash B at 
28 days was 100 per cent and for fly ash 
Y it was approximately 90 per cent. 


125 
Series 7 — | | eries IT 
4 — — 
| 
| SSeries 1/3 “Series 13 ait 
ment Replacement) Le | 
8 Portiand Cement B Portiand Cement 8 Portiand Cement B 
Fly A Fly Ash Y Fly Ash Fly Ash Y 
i 
| 
Portland Cement E Cortiand E Portiand Cement E Portions fement E 
Fly Ash B Fly A Fly Ash B Fly A 
2 7 2e 365 7 28 365 7 28 365 7 28 365 
Age, days (Log Sccle) 
(a) On compressive strength. (6) On flexural strength. 


of the concretes for series II and similar 
concretes for series I. 

In these tests, the effect on the 
strength of the concrete of both the 
source of the cement and of the fly ash is 
quite marked. Figure 2(a) shows higher 
compressive strength ratios at all ages 
for the adjusted mix of 5.25 bags of ce- 
ment per cu yd than for mix with a ce- 
ment content of 4.0 bags. 

Figure 2(6) shows equal or higher 
flexural strength ratios at 7 and 28 days 
for the adjusted mix in all cases. At 1 yr 
the adjusted mix for the concretes pre- 
pared with cement B with both fly ashes 


Fic. 2.—Effect of Adjusted Fly Ash Mix. 


Likewise, the flexural strength ratios 
averaged 100 per cent for fly ash B and 
90 per cent for fly ash Y. 


LABORATORY FREEZING-AND- 
THAWING TESTS 


Freezing-and-thawing tests were made 
in accordance with ASTM Method of 
Test for Resistance of Concrete Speci- 
mens to Slow Freezing and Thawing in 
Water or Brine (C 292).5 Tests were 
made using all four cements and both 
percentage replacements of the two fly 
ashes. The results of these tests are given 
in Table IV. This table gives the loss at 
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50, 100, 150, 200, and 250 cycles and 
the durability factor, calculated on the 
basis of 250 cycles or a maximum loss in 
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shown in Fig. 3. When fly ash B was 
used as a replacement, the relative dura- 
bility in all cases was 90 per cent or more 


TABLE IV.—RESULTS OF LABORATORY FREEZING-AND-THAWING TESTS.* 


Cement Fly Ash Loss in N? at Cycles,” per cent 
Durability 
Identificati urabi urabil- 
en “a ion I dentifi 100 180 200 280 Factor ity per 
Source | Type ax yd 
Series I 

I 6.0 None 1 1l 38 (159) 38 100 

4.0 B 148 0 6 31 =| (174) 42 111 

4.0 Y 144 1 14 28 | (195) 47 124 

aa Is 6.0 None pa 0 0 28 |(195) 47 100 

4.0 B 148 0 0 7 32 | (215) 52 

4.0 v 144 5 18 |(145) 35 74 

E.i. I 6.0 None ee 0 0 3 11 20 80 100 

4.0 B 148 0 0 0 5 ll 89 111 

4.0 Y 144 0 ll 33 =| (166) 40 50 

Is 6.0 None 0 0 40 | (200) 48 100 

4.0 B 148 0 0 21 =| (178) 43 90 

4.0 a 4 144 0 (85) 20 42 

Series II 

I 6.0 None 1 ll 38 | (159) 38 100 

5.25 B 100 0 6 35 =| (166) 40 105 

5.25 Y 100 0 18 35 =| (166) 40 105 

Is 6.0 None 0 0 28 |(195) 47 100 

§.25 B 100 0 0 16 40 | (200) 48 102 

5.25 4 100 0 32 |(108) 26 55 

Ed I 6.0 None ae 0 0 3 ll 20 80 100 

5.25 B 100 0 0 1 23 28 72 90 

5.25 Y 100 0 1 12 38 | (205) 49 61 

Is 6.0 None 0 0 9 40 | (200) 48 100 

5.25 B 100 0 0 5 17 30 70 146 

5.25 Y 100 0 22 /|(130) 31 65 


@ Each value is average of three tests. 
+ Figures in parentheses indicate number of cycles at which a loss of 40 per cent was reached. 
© Based on durability of concrete without fly ash. 


N? of 40 per cent. In addition, the rela- 
tive durability of the concrete is given. 
This is expressed as the ratio of the dura- 
bility factor of the concrete with fly ash 
replacement to that of the corresponding 
concrete without fly ash. 


_ The relative durability factors’ are 


and in six of eight cases it was over 100 
per cent. With this fly ash and a cement 
content of 4.0 or 5.25 bags, more durable 
concrete was usually obtained than with 
a 6.0-bag air-entraining concrete not 
containing fly ash. When fly ash Y was 
used, durable concrete was obtained only 


| 


with portland cement from source B. 
With this high-carbon fly ash, the con- 
cretes prepared with portland blast- 
furnace slag cement from source B and 
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portland blast-furnace slag cement (86 
per cent). Comparisons between the fly 
ash concretes of series I (4.0 bags of ce- 
ment) and those of series IT (5.25 bags 


o 
Portland Cement 
Y 
120 YY 
Y 
2 
Yj 
60} 1 = Up — 
t Y Y 
2 40 Y Yj 
LLG 
1/3 Replacement Adjusted Mix 1/3 Replocement Adjusted Mix 7 
Fic. 3.—Effect of Fly Ash Replacement on Durability. 
wag ‘ a 
‘PABLE V.—RESULTS OF OUTDOOR SCALING TESTS. 
Cement Fly Ash Thewing and 
i Air, per cent 
Identification 
Identification 15 cycles 40 cycles 
Source Type cu yd 
I 6.0 None None 5.3 26 4l¢ 
5.25 B 100 4.5 3 41g 
5.25 100 4.5 
tees I 6.0 None None 4.8 2 4 
5.25 B 100 6.2 2 
5.25 Y 100 5.3 5 74 


both cements from source E showed poor 
durability. 

When all mixes containing fly ash were 
considered, it was found that those pre- 
pared with portland cement had a some- 
what greater relative durability (95 per 
cent average) than those prepared with 


of cement) showed both to have very 
nearly the same relative durability. 
However, the portland blast-furnace slag 
cements of series I had a lower durability 
factor (79 per cent) than those of series 
II (92 per cent). 

These tests indicate that satisfactory 
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durability was obtained on concrete 
when fly ash B (low-carbon fly ash) was 
used. This applied to all sources and 
types of cement used. The tests also 
indicated that poor durability was 
usually obtained for concrete when fly 
ash Y (high-carbon fly ash) was used. 
Only the concrete prepared with the 
portland cement from source B gave 
satisfactory durability with this fly ash. 


OvutTpoorR SCALING TESTS 


Table V shows the results of the 
periodic examinations of the slabs which 
were exposed to outdoor freezing and 
subsequent thawing with calcium chlo- 
ride. Tests were made on concretes pre- 
pared with the portland cements only, 
and when fly ash was used as a replace- 
ment of cement, the amount was that 
recommended by the producer. The 
specimens were rated according to the 
amount and depth of scaling. A rating of 
0 indicated no scaling and a rating of 10 
indicated deep scaling over the entire 
surface of the specimen. 

These tests showed that at 40 cycles 
the «~~ crete which contained fly ash B 
had resistance to scaling equal to or 
slightly better than similar concrete 
without fly ash. Where fly ash Y was 
used, however the resistance was poorer 
than that of the concrete without fly ash. 


CONCLUSIONS 


These two series of tests verify some of 
the conclusions of the previous report. 
Mainly, that the properties of the con- 
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crete are affected by the carbon content 
of the fly ash used as a replacement for 
part of the cement. Lower strengths and 
durability were obtained with concrete 
containing the high-carbon fly ash than 
when, the low-carbon fly ash was used. 

Fly ash of low carbon content can be 
used as a replacement for a part of the 
portland blast-furnace slag cement with- 
out serious decrease in the strength or 
durability of the concrete. 

Concrete prepared with low-carbon fly 
ash as a replacement for portland cement 
in the amounts recommended by the 
producers of fly ash, has compressive and 
flexural strengths at 28 days equal to 
similar concrete without fly ash. 

The recommended amount of fly ash, 
if low in carbon content, will also pro- 
duce concrete that will have resistance to 
scaling caused by the use of deicing 
agents equal to that of similar concrete 
without fly ash. 

Tests for strength and durability of 
concrete indicate that, for optimum effec- 
tiveness, the amount of fly ash used 
should be correlated with the amount of 
lime released by the portland cement. If 
sufficient lime is not available to react 
with all of the fly ash, some of the latter 
is only an inert filler and will tend to 
impair the quality of the concrete. 

It is suggested that the amount of fly 
ash used should be about 15 per cent by 
weight of the CaO content of the cement 
as determined by chemical analysis. 
This amount may vary somewhat de- 
pending upon the chemical composition 
of the aggregates. 
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Mr. Paut Kiiecer.'—Do you have 
any deicer scaling tests of concretes, 
both nonair-entrained and air-entrained, 
made with portland blast-furnace slag 


- cements and fly ash replacements? Re- 
cent tests in our laboratories indicate 


that fly ash replacements are detrimental 
to resistance to deicer scaling, despite 
the maintenance of air content. This was 
more marked in air-entrained concretes 
made with type IS cements than for 
similar concretes made with a blend of 
four type I cements. 

Mr. W. E. Gries (author).—No scal- 


_ ing tests were made with portland blast- 


furnace slag cement. 

Mr. J. J. Wutre.2—The speaker has 
referred to the presence of free carbon in 
fly ash. It seems to me that undue stress 
is laid upon the permissive amount of 
free carbon in fly ash intended for use in 
combination with portland cement. AS- 
TM Specification C 350-60 T® sets 
the maximum limit for loss on ignition 
at 12 per cent. Some authorities will not 
permit more than 6 per cent, It is my 
understanding that the most serious effect 
of a high percentage of fly ash is the in- 
creased demand for mixing water when 
used with portland cement, and, under 

1 Portland Cement Assn., Chicago, Il. 

2? Parsons, Brinckerhoff, Quade & Douglas, 
Engineers, New York, N. Y. 

3 Tentative Specification for Fly Ash for Use 
as an Admixture in Portland Cement Concrete 


(C 350-60T), 1960 Supplement to Book of 
ASTM Standards, Part 4. 


the influence of certain combinations of 
pozzolanic activity and particle fineness, 
can yield poor results. Perhaps more 
attention should be paid to the pozzolanic 
activity index rather than loss on igni- 
tion. It is my understanding that fly ash 
with relatively high carbon content and 
high pozzolanic activity index has often 
shown far better results when used in 
portland cement concrete than fly ash 
low in both instances. 

When evaluating the suitability of fly 
ash for use in combination with portland 
cement, whether in soil cement, mortar 
or concrete, three factors must be con- 
sidered, that is, carbon content, pozzolanic 
activity and fineness. Fly ash with high 
carbon content, high pozzolanic activity 
and low fineness can yield good results; 
high carbon content, low pozzolanic ac- 
tivity and high fineness may be expected 
to yield poor results and low carbon con- 
tent, high pozzolanic activity and high 
fineness may be expected to yield excel- 
lent results. The consideration of any 
one, alone, of the three factors is certainly 
not conclusive. 

Mr. W. E. Gries (authors’ closure).— 
We agree with Mr. White that the poz- 
zolanic activity index should also be con- 
sidered when evaluating the suitability 
of fly ash for use in concrete. However 
for these tests, the carbon content was an 
excellent indication of the durability of 
the concrete. 
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Structures appurtenant to a large 
earth dam in central Saskatchewan 
(South Saskatchewan River Dam) will 
require the placement of 500,000 cu yd 
of concrete. About one half of this 
amount will be used in the construction 
of five 20-ft diameter tunnels for river 
diversion and power development. The 
tunnels will be driven through a hard 
zone of the Bearpaw shale which, al- 
though classed geologically as a shale, 
is regarded by many engineers as a hard 
clay. Portions of the tunnel, stilling 
basin, spillway, and irrigation outlet 
structures will be constructed adjacent 

* Presented at the ‘Sixty-fourth Annual 
Meeting of the Society, June 25-30, 1961 

! Concrete Engineer, Prairie Farm Rehabili- 


tation Administration, Canada Department of 
Agriculture, Saskatoon, Sask., Canada. 


INVESTIGATION OF CONCRETE MATERIALS FOR THE SOUTH 
SASKATCHEWAN RIVER DAM* en 


By G. C. Price! 


SYNOPSIS 


Concrete requirements resulted in a modified specification for type V 
cement, the possible use of pozzolan, and the upgrading of local aggregates. 
Studies of concrete and mortar were conducted to evaluate sulfate resistance, 
cement-aggregate reaction, compressive strength, and mix characteristics. 
Seven type V cements and one type I cement were used with fly ash and 
pumicite. Mixtures were designed on the basis of fixed cement factor with 
increments of pozzolan replacing a portion of the aggregate. The program 
is in a short-term stage with observations ranging up to twelve months. 
Trends in performance of concrete, the mortar phase of concrete, and standard 
sand mortars in mixed sulfate solution are described. A low percentage of 
reactive siliceous shalestone in the processed fine aggregate produced no 
deleterious effect in concretes and mortars stored in humid air. The effect of 
pozzolans upon the mixtures is described, and compressive strengths are 
given for ages up to 1 yr. Long-term observations of exposed concretes in 
sulfate soils have revealed little deterioration where proper techniques in 
design, manufacture, and placement result in a highly impermeable concrete. 


ay 
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to Bearpaw shale, glacial clay, or alluvial 
clay. Concrete slabs and walls in these 
structures will be separated from the 
soil by granular material. Wall footings 
and cutoffs will be directly in contact 
with the soil. Sulfate concentrations at 
the structure sites are high, ranging 
from 0.2 to 1.1 per cent in the soil and 
1000 to 8000 ppm in the ground water. 

Climatic, material, and foundation 
conditions at the dam combine to present 
problems in development of a concrete 
that will resist sulfate attack, weather- 
ing, alkali-aggregate reaction, early load- 
ing, and abrasion. 

A study of these problems resulted in 
the careful upgrading of local granular 
materials—in particular, the heavy- 


media processing of coarse aggregate to 
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remove deleterious lightweight materials. 
_ Siliceous shalestone, a predominant com- 
- ponent of the lightweight fraction, was 
found to be reactive with alkalies in 
cement. While almost all of this was 

removed from the coarse aggregate, a 

small percentage remaining in the. proc- 
essed fine aggregate presented the possi- 
_ bility of a harmful reaction occurring .in 
concrete. 

The study also pointed to the need for 
a cementitious material that would: (1) 
effectively resist attack from strong 
sulfate concentration in soils and ground 
water at the site, (2) provide optimum 
_ workability in concrete for the difficult 
placing of the thin, heavily reinforced 
tunnel lining, and (3) provide adequate 
strength-gain in construction of tunnel 
linings where early loading is expected 
and for added protection from frost 
damage during winter construction of 
_ spillway and irrigation outlet structures. 

With these factors in mind, a research 
program was undertaken to investigate 
concrete and mortars containing a. num- 
ber of sulfate-resistant cements—alone 
and in combination with pozzolans. The 
tests, which centered largely around 
long-term studies of sulfate resistance, 
were begun in March, 1959. 

The rather large research program in- 
volves 200 concrete mixes and 300 mor- 
tar mixes. The performance of 5000 
mortar and concrete specimens is being 
observed in various storage conditions: 
sulfate solution, air at 100 F and 100 
per cent relative humidity, air at 72 F 
and 100 per cent relative humidity, and 
natural exposure in Bearpaw shale. at 
the dam site. 

In a rather unusual approach to the 
use of pozzolans, aggregate was replaced 
~ rather than cement. This paper describes 

sore of the methods used and covers 
short-term results which in some cases 
have shown interesting trends. No at- 
tempt is made to present a complete 
picture or draw definite conclusions, in 
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view of the very preliminary nature of 
the studies, it is expected that this will 
be done in about 5 yr, when long-term 
results will be available. 


AGGREGATE SOURCE AND PRELIMINARY 
STUDIES 


In the early stage of the investigation, 
a promising source of aggregate was 
found in a flat-topped glacial outwash 
deposit strategically situated on the west 
abutment of the dam. This potential 
source was named the plateau deposit. 
Exploration and testing of the plateau 
granular materials between 1950 and 
1958 revealed some shortcomings with 
respect to gradation and quality and 
pointed to the need for upgrading the 
materials. As a result, the first aggregate 
production contract called for thorough 
processing to remove clay sizes and coat- 
ings, close sizing to assist in quality con- 
trol, and heavy-media processing of the 
coarse aggregate to remove deleterious 
lightweight material. 

The predominant harmful lightweight 
material was siliceous shalestone—an 
absorptive rock with low resistance to 
weathering. Deleterious heavyweight 
material, which could not be removed 
by the’ heavy-media process, was also 
present—as for example the greater 
portion of the ironstone constituent. 

Some consideration was given to re- 
moving at least a portion of the light- 
weight deleterious materials in the fine 
aggregate by applying the heavy-media 
process to the No. 4 to No. 8 size frac- 
tion. While it was expected that this 
could be done successfully, it was not 
required since it was doubtful if the 
added cost would be justified. 

In 1959 the use of ASTM Method C 
227? revealed that the natural pit-run 
sand from the plateau deposit was po- 

2 ASTM Method of Test for Potential Alkali 
Reactivity of Cement-Aggregate Combinations 
(Mortar Bar Method), (Tentative) (C 227 - 


60 T), 1960 Supplement to ASTM Book of 
Standards, Part 4. 


all - 
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tentially reactive with the alkalies in 
cement. The main reactive material as 
determined through petrographic exami- 
nation of mortar, concrete, and aggre- 
gates was the siliceous shalestone which 
was estimated to contain about 80 per 
cent opal. All of this material was re- 
moved from the coarse aggregate by 
the heavy-media process. In the proc- 
essed fine aggregate, shalestone content 
ranged from 0.6 to 1.3 per cent by 
weight, averaging 0.8 per cent. The 
average amount of reactive opal occur- 
ring in a typical concrete mixture using 
the processed aggregates was estimated 
to be 0.3 per cent by weight. 

A survey of 45 existing structures and 
a number of specimens from a natural 
exposure site at the dam provided evi- 
dence that concrete made with the rela- 
tively low-alkali western cements and 
containing aggregates from the plateau 
deposit and many other sources in 
Saskatchewan apparently did not suffer 
appreciable damage from alkali-aggre- 
gate reaction even over an extended 
period in a damp environment. It also 
indicated that the potential danger of 
reaction was a real one, as revealed by 
the presence of slightly reacted particles 
of siliceous shalestone in many of the 
specimens examined. 


StTupIES OF CONCRETE AND MorTAR 
CONTAINING CEMENT-P0zZOLAN 
CoMBINATIONS 


A decision to use sulfate-resistant 
cement was made in the early planning 
of the project, and the cooperation of 
the cement companies was enlisted to 
obtain a modified product having the 
early strength properties of present- 
day normal portland cements. The use 
of pozzolan as a replacement for aggre- 
gate was considered for the high worka- 
bility requirement in tunnel construc- 
tion and possibly for improved sulfate 
resistance over that obtainable with 
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sulfate-resistant cement alone. The dis- 
covery that certain constituents in the 
fine aggregate from the dam site were 
reactive with alkalies in cement sug- 
gested the use of cement with total 
alkali content below 0.6 per cent and 
placed additional emphasis on the use 
of pozzolan as an inhibitor of the alkali- 
aggregate reaction. 

The evaluation of sulfate resistance as 
affected by the combinations of pozzolan 
and type V cement in concrete was a 
relatively new territory. One comprehen- 
sive study at the University of Cali- 
fornia (1)? had concluded that the re- 
placement of type V cement with 
pozzolan produces no improvement in 
sulfate resistance. 

On the majority of jobs where pozzo- 
lan is used as a replacement for cement, 
the amount of cement in the mix is 
low—on the order of 3 to 4 sacks per cu 
yd. While this is desirable in many forms 
of mass concrete, it might be an unsatis- 
factory approach in structural concrete 
that will be subjected to early loading, 
sulfate attack, and abrasion, all within 
a relatively short time after construction. 

Experts in the field of sulfate resist- 
ance have stressed the importance of 
adequate cement content (2-4). For the 
appurtenant structures at the dam, it 
seemed advisable to choose a minimum 
cement factor and use pozzolan as a 
replacement for aggregate rather than 
cement. 

Lean, medium, and rich concretes of 
similar workability were designed in 
which varying increments of pozzolan 
were added to constant cement factors 
and compensated for by adjustments in 
aggregate and water content. Concretes 
were made with processed aggregates 
from the dam site, a number of standard 
and modified type V cements, a type I 
cement, and two pozzolans. A study of 
lean and medium, standard sand mortars 


3 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 
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of constant flow with varying addi- 
tions of pozzolan was also made. 
Particular emphasis was placed on the 
sulfate resistance of concrete and mortar 
as measured by long-term length and 
weight changes of specimens immersed 
in a magnesium-sodium sulfate solution. 
Individual containers were used for each 
set of specimens in sulfate solution or 
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Cements and Pozzolans: Lived 


One type I and seven type V cements 
covering a fairly wide range of chemical 
and physical make-up were used in the 
tests. A number of the type V cements, 
which were all produced in western 
Canada, were manufactured especially 
for the investigation. Test data for the 
cement are given in Table I. 


TABLE I.—PROPERTIES OF CEMENTITIOUS MATERIALS. 
PROPERTIES OF CEMENTS 


Hypothetical Compound Oxide Composition, 
jiton, per cent by weight per cent by weight Blaine 
Cement Fineness, 
Cement Designation Type ana oq cm 
| GS | CsA | CAF | CaSO,| Alkalies | Mgo | Eree | Pers 
as Na,O 
Vv 43.8 | 33.8 2.0 | 13.8 | 2.75 | 0.42 2.64 | 0.24 3039 
eg sae ag ay WEI Vv 57.5 | 19.4 0.8 | 12.8 | 4.7 0.27 2.68 | 0.04 4744 
eS Orr ey Vv 43.3 | 35.5 2.1 | 12.0 | 2.7 0.54 1.40 | 0.34 2768 
| ee Vv 44.7 | 32.5 4.0 | 10.8 | 3.1 0.56 1.42 | 0.48 2872 
Vv 43.7 | 32.8 | 2.8] 12.8 | 2.8 0.55 1.40 | 1.37 3153 
reer a Vv 47.5 | 31.1 0.4 | 13.5 | 3.0 0.37 2.48 | 0.32 | 3329 
SRA Vv 45.9 | 30.3 2.6 | 12.7 | 3.0 0.58 1.44 | 1.17 3121 
a PRRs Th I 47.1 | 24.6 | 10.0 7.9 | 4.3 0.96 | 3.43 | 0.69 | 3214 
PROPERTIES OF POZzZOLANS 
Ignition Oxide Composition, per cent by weight etained 
P lan Fi on YO. anic ifi 
Designation SiO: + Available Gravity 
by weight MgO | SOs | by weight 

Fly ash Ia..... 0.21 70 4.43 | 0.42 1.33 2070 19.6 647 2.44 
Fly ash Ib.....| 0.31 67 4.24 | 0.61 3.10 1960 21.7 563 2.45 
Pumicite II....| 3.56 87 1.23 | 0.12 0.84 6875 3.0 669 2.50 

distilled water. The solutions were In the investigation, emphasis was 


changed each time the specimens were 
measured—at intervals of approximately 
two months. All containers were stored 
in a temperature-controlled room at 71 
+ 2 F. Tests were also made to evaluate 
the problem of alkali-aggregate reaction; 
this entailed the length change of mortar 
and concrete specimens in humid stor- 
age of 100 F and 72 F, respectively. 


placed on a fly ash because of the stra- 
tegic location of the material with re- 
spect to the project. The two shipments 
of fly ash used in the tests were given 
separate designations because of some 
slight differences in chemical and physi- 
cal characteristics. One natural pozzolan 
—pumicite—was used for comparative 
purposes. Test data for the pozzolans are 
also given in Table I. 
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Aggregates: 
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Processed plateau-deposit aggregates 
sampled from stockpiles at the dam site 
were used in all phases of the concrete 
tests. The aggregates were batched to 
the test mixes in four sizes: 1} to ? in., 
2 to 2 in., 2 in. to No. 4, and fine aggre- 
gate passing No. 4. 


Concrete Mixes: 


With the aggregates as processed and 
using a water-cement ratio of 0.50 by 
weight for the tunnel concrete, the 
cement factor would normally be on 
the order of 53 Canadian sacks (87.5 |b 
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13, and 2} sacks of pozzolan. The spe- 
cific gravity of the pozzolan was lower 
than that of cement; therefore 1 sack of 
pozzolan weighed considerably less than 
1 sack of cement. For example, the 
weight of fly ash I to give an equivalent 
absolute volume of one 87.5-lb (Cana- 
dian) sack of cement is 68 lb. By weight, 
the above additions of fly ash would be 
approximately 0.8, 1.4, and 1.9 sacks, 
respectively. The comparative mix series 
used are summarized in Table IT. 

The decision was made to use en- 
trained air in the tunnel concrete to ob- 
tain superior placing characteristics and 


per sack) per cu yd. A reasonable mini- sulfate resistance (2,5). Air-entrained 
TABLE II.—COMPARATIVE CONCRETE MIX SERIES. 
Sacks of Cement + Pozzolan by Absolute Volume. 

Series Pozzolan Additions 
5 +0 4+0 4+1 4+1% | 4+ 2% 
EE. 6 +0 5 +0 5+1 5 + 134 | 5 + 2h¢ 
7+0 6+0 6+1 6+ 1% | 6 + 2% 


mum appeared to be 5 sacks per cu yd 
with the pozzolan addition equal to or 
greater than the } sack reduction from 
the normal cement factor in terms of 
solid volume. This formed the basis for 
the first phase of testing in which vary- 
ing increments of pozzolan were added 
to a constant 5-sack cement factor. In 
the second phase of the program, mini- 
mum cement factors of 4 and 6 sacks 
were also used. Essentially, therefore, 
the tests involved the addition of vary- 
ing increments of pozzolan to constant 
cement factors in rich, medium, and lean 
concretes and comparison of these with 
straight cement concretes. 

For convenience, the additions were 
made in terms of sacks per cu yd, each 
sack of pozzolan being equal by absolute 
volume to one sack of cement. Through- 
out the tests, additions comprised 1, 
tet tod 


TABLE III.—RANGE OF CONSISTENCY 
AND AIR CONTENT. 


: Range in Air 
Range in Content, 
Slump, in. | cent by volume 
3 to 4 4to 5 
1) ee 3.5 to 4.5 | 4.2 to 5.5 


concrete was accordingly used through- 
out the testing program. 

The mixes were designed on the basis 
of absolute volume to meet a range of 
consistency and air content shown in 
Table III. Slump and air content were 
increased in phase II to obtain an im- 
proved mixing action and to approach 
conditions more like those expected in 
the tunnel construction. 

The size of the test batch was in- 
creased from 220 lb in phase I to 350 lb 
in phase II so that alkali-aggregate test 
bebstg fre to port 


beams, in addition to sulfate-resistance 
and compressive-strength specimens, 
could be molded from the same mix. 

An accurate estimate had to be made 
of unit water requirement for the mix to 
meet the specified cement factor, pozzo- 
lan addition, range of consistency, and 
air content. This was complicated by the 
addition of pozzolan, which resulted in a 
decreased ratio of fine to coarse aggre- 
gate owing to improved workability and 
increased, or decreased, water require- 
ment depending upon the characteristics 
of the pozzolan. As a result, there were a 
number of “waste” mixes which failed 
to meet the requirements for slump and 
air content. The number of such waste 
mixes lessened as the laboratory staff 
became familiar with the characteristics 
of each pozzolan. Very few repeat mixes 
were required with the fly ash, as it had 
stable mix characteristics. On the other 
hand, a marked increase in requirements 
for water and air-entraining agent re- 
sulting from additions of the pumicite 
gave difficulty in designing to meet the 
mix specifications. 


Mortar Mixes: 


Tests involving the addition of pozzo- 
lan to constant cement factors in mortar 
were designed to parallel the concrete 
program described previously. The mor- 
tar mixes were made with graded stand- 
ard Ottawa sand for an evaluation of 
compressive strength and sulfate resist- 
ance and with processed fine aggregate 
for studies of alkali-aggregate reactivity. 

The mortar proportions for the con- 
trol mixes containing no pozzolan were 
determined on the basis of two selected 
water-cement ratio combinations: 

1. Water-cement ratios of 0.50 and 
0.60 (medium mortar), and 

2. Water-cement ratios of 0.60 and 
0.75 (lean mortar). 

Proportions of cement and graded 
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standard Ottawa sand to achieve the 
selected water-cement ratios in control 
mixes without pozzolan were first deter- 
mined by testing mortar batches with 
flow in the range of 108 to 112. Density 
and yield of the plastic mortar were 
determined, and from these, cubic-yard 
weights of cement, sand, and water were 
calculated. 

The cement content of the high water- 
cement ratio control mortar became the 
constant factor in subsequent mixes 
with pozzolan additions. The amount of 
pozzolan added to the first test mix was 
equal (in solid volume) to the difference 
in cement content of the low and high 
water-cement control mortars. Pozzolan 
additions to the constant cement con- 
tent in the second and third test mixes 
were 12 and 23 times that used in the 
first test mix, respectively. 

Cement content was maintained con- 
stant as nearly as practically possible by 
substituting pozzolan for sand on the 
basis of solid volume and at the same 
time maintaining the sum of absolute 
volumes of cement, pozzolan, and sand 
constant and equal to the amount of 
cement and sand in the high water- 
cement ratio control mortar. 

Actually, the cement content did not 
remain exactly constant in the test 
mixes because of increased or decreased 
water requirement (for specified flow of 
108 to 112) depending upon the charac- 
teristics and quantity of the pozzolan. 
In the concrete tests, this was overcome 
by redesigning and repeating mixes 
which could be adjusted generally in one 
retrial. Such a procedure was thought 
to be impractical for the mortar tests. 

Nine 2-in. cubes and six 1 by 1 by 
6}-in. bars were molded from the Ottawa 
sand mixes for compressive-strength and 
sulfate-resistance studies, respectively. 
Four 1 by 1 by 11}-in. bars were molded 
from the plateau fine aggregate - 


for alkali-aggregate studies. 
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A modification of the Canadian Stand- 
ards Assn. (CSA) lean mortar bar 
method for determining sulfate resist- 
ance of cement* was used to evaluate 
the effect of substitutions of pozzolan 
for cement and aggregate. 


Added Ref 


partly instrumental in producing a per- 
meable material that allows diffusion of 
sulfate solution, thus exposing cement- 
ing material throughout the specimen 
to chemical action. 

In modifying the procedure for re- 


Added Pozzolan 


Cement LMix] 
= T 
40 Fly Ash ond 
— 
ong} 
— j Sand/ Total Aggregate 
30 
i 
Pumicite 
280 
3 270 
2 
we 
240 
= 230 Fly Ash 
+ te 
220 
nal . Water Content, Ib per cu yd 
210 
+ 
2 
$2 0.40 
> W/C+P Ratio 
6+0 5+0 5+! 5+1% 5+2% 
Cement + Pozzolan Factor, sack per cu yd 
Fic. 1.—Concrete Mix Adjustment Necessitated by Pozzolan Additions. 


In the standard CSA procedure, pro- 
portions of cement and standard Ottawa 
sand are 1:5 by weight. The percentage 
of water used in the mortar is based on 
the normal consistency and calculated 
from an empirical formula.5 The result- 
ing stiff consistency of the mortar is 


*“Specifications for Portland Cements,” 
Canadian Standards Assn.—A5, 1961. 


placement of cement and sand with 
pozzolan, an attempt was made to main- 
tain the stiff consistency of the standard 
test. Since specific gravities of the pozzo- 
lans were different from the cement and 


5 ASTM Standard Method of Test for Tensile 
Strength of Hydraulic Cement Mortars, (C 190 - 
59), 1959 Supplement to ASTM Book of Stand- 
ards, Part 4. 
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sand, replacements were made on the 
basis of absolute volume in both the 
normal consistency and sulfate resistance 
procedures. Proportions for the test 
mixes were as follows: 


In the tests replacing sand with pozzo- 
lan, it was found that the original 
method for determining batch weight of 
water produced the desired consistency. 
On the other hand, replacements of 
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Fic. 2.—Compressive Strength of Concrete Containing Pozzolan—Additions of Fly Ash Ia to 


5-Sack Concrete. 
fl titer 


Cement + Pozzolan:Sand © 
= 1:6 by absolute volume 


Replacement of cement: 


Replacement of sand: 
Cement: Pozzolan + Sand 


= 1:6 by absolute volume 


cement with pozzolan resulted in un- 
suitably dry mixtures. After running a 
limited number of tests, a revision of 
the original empirical formula was de- 
rived, which produced batch weights 
of water giving the desired stiff con- 
sistency. 

Six 1 by 1 by 6}-in. bar specimens 
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fitted with metal reference points were 
molded from the lean mortar mixes for 
sulfate-resistance studies. 

ASTM Method C 227? was also used 
to check the suitability of plateau fine 
aggregate in combination with high- 
and low-alkali cements. This involved 


hand mixing of 1:2.25 mortars with 
flow maintained between 105 and 120. 
Four 1 by 1 by 11}-in. bars were molded 
for the alkali-aggregate studies. 


Performance of Pozzolans in Plastic Con- 
crele: 


With increasing additions of the fly 
ash to fixed cement factors in concrete, 
water requirement was not increased, 
resulting in a lower ratio of water to 
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total cementitious material. Workability 
and cohesiveness of the mix were im- 
proved, making possible an appreciable 
decrease in slump and a lower ratio of 
fine aggregate to total aggregate for a 
given placing condition. Requirement 
for air-entraining agent was slightly in- 


= (a) Addition of Fly Ash (b} Addition of Pumicite 
— Additions to Additions to Additions to Additions to Additions to 
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Fic. 3.—Compressive Strength of Concrete Containing Pozzolan. 
hes (a) Additions of fly ash Ib to 4, 5, and 6-sack concrete. 
7 (b) Additions of pumicite IT to 5 and 6-sack concrete. 7 
Pers 


creased only with the largest additions 
of fly ash. Although some improvement 
in workability was obtained with addi- 
tions of pumicite, water requirement was 
increased as much as 35 per cent to 
achieve the specified slump, and it was 
necessary to double the amount of air- 
entraining agent to obtain the desired 
air content. Mix adjustments necessi- 
tated by the pozzolan additions are 


illustrated in Fig. 1. ae 
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Compressive Strength of Concrete and 
Mortar: 
The compressive strengths at various 
ages of concrete containing additions of 
pozzolans to constant cement factors 


Fic. 4.—Compressive Strength of Mortar Containing Pozzolan—Additions of Fly Ash Ia to 
Medium (W/C 0.60) and Lean (W/C 0.75) Mortars. 


are shown in Figs. 2 and 3. Specimens 
for compressive strength tests were cured 
in the fog room at 72 + 1 F. 

Addition of fly ash generally produced 
increased ‘strength in concrete at all 
ages. The improvements were small at 
7 days but ranged up to 1000 psi at 3 


‘ 
Factor of Reference Mix Having W/C =0.60 


months and a In a number of cases, 
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a 1-sack addition of the pozzolan pro- s 
duced improvements that were equal to t 
or greater than those attained by 1-sack I 


addition of cement. 


The results sug- 


gested a satisfactory pozzolanic effect of V 
| 
xptanation: f 
Ref. = Reference Mix I 
at +17 YoP= Cement Factor of Reference Mix +17 per cent Pozzolan \ 
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the fly ash with commercial type V and | 
type I cements. In contrast to the re- 
sults with fly ash, the addition of pumi- | 
cite resulted in reduced strengths at all 
ages. 

The beneficial effect of fly ash on 
compressive strength was also illustrated 
in the ‘tests with graded standard Ottawa 
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sand mortars. Results of the addition 
tests involving combinations of fly ash 
Ia with three type V cements are shown 
in Fig. 4. Compressive strengths at 
various ages illustrate the relative effect 
of additions of cement and fly ash to 
fixed cement factors in medium and lean 
mortars. Three ircrements of fly ash 
were used in the comparison mixes; only 
one addition of cement was used—equal 
to the smallest increment of fly ash. The 
addition of 16 to 19 per cent fly ash re- 
sulted in increased strengths over the 
reference mixes at all ages, with 28-day 
strengths slightly less and 6-month and 
l-yr strengths slightly greater than 
those attained by equal additions of 
cement. The addition of 32 to 47 per 
cent fly ash produced more substantial 
increases at all age levels—in every case 
greater than those resulting from the 16 
to 19 per cent added cement. In the 
medium mortar series (W/C = 0.60), 
the increased strengths resulting from 
27 to 44 per cent added fly ash ranged 
from 2000 psi at 28 days to 4000 psi at 
1 yr. The standard sand mortar mixes 
were not performed with the pumicite. 


Sulfate Resistance of Concrete and the 
Mortar Phase of Concrete: 


To obtain some idea of how concrete 
might perform in the field, observations 
were made of concrete immersed in 
strong sulfate solution. It was realized 
that such an accelerated test would 
leave much to be desired, owing to the 
unnatural conditions of total immersion 
and high ratio of exposed surface to 
total mass. At best, it was felt that the 
difference obtained among various con- 
cretes stored under very adverse condi- 
tions in the laboratory would also occur 
under actual conditions in practice, but 
to a lesser degree. 

Nine 3 by 6-in. concrete cylinders 
were molded from each test mix for the 
exposure tests. After a 28-day curing 
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period, three were placed in distilled 
water, three in a mixed sulfate solution 
of 0.15M NaSO,'+ 0.15M MgSO,, 
and three in natural Bearpaw shale at 
the dam site. Performance of the speci- 
mens was judged on the basis of weight 
change and visual observation, methods 
which had been used with success by 
various research workers (1,8). It is to be 
noted that performance of the specimens 
was judged on the basis of exposure at 
rest in the solution. No mechanical 
means was employed to remove loosened 
grain or flakes. 

A proper evaluation of concretes made 
with type V cements would require a 
very long time. In an attempt to obtain 
early indications, the mortar phase of 
the various concretes under test was also 
compared by screening a portion of 
concrete from each mix over a No. 4 
sieve to remove coarse aggregate sizes. 
The mortar thus obtained was molded 
into 1 by 1 by 6}-in. bars fitted with 
metal reference points. After a 28-day 
curing period, the bars were immersed 
in distilled water and sulfate solution 
and length-change measurements re- 
corded at intervals of two months. 

Midway in the program, the proce- 
dure was modified in another attempt 
to obtain earlier indications of differ- 
ences in potential sulfate resistance of 
concrete. Extra sets of 3 by 6-in. con- 
crete cylinders and 1 by 1 by 6}-in. 
mortar-phase bars were cast for storage 
in a stronger sulfate solution composed 
of 5 per cent NaSO, + 5 per cent 
MgSO,. As before, performance of the 
concrete was judged on the basis of 
weight change and visual observation, 
and mortar on the basis of length change. 

Test results for the sulfate-resistance 
studies of concrete are available for ex- 
posure periods ranging from 6 to 12 
months. It is apparent that a much 
longer time will be required to evaluate 
the relative performance of materials. 


H 
> 
23 
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The majority of concrete cylinders in 
0.15M mixed sulfate solution gained in 
weight for 9 to 12 months, at which time 
a leveling out or a slight drop in weight 
occurred. In the initial phase with fly 
ash Ia in combination with four type V 
cements, leveling out in weight gain 
occurred at 9 to 12 months, but there 
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straight cement concrete. The loss was 
greatest for 4 + 2}-sack concrete con- 
taining type V cement F and fly ash Id, 
with test cylinders in the solution re- 
turning to their original weight at 9 
months’ exposure. Weight-change re- 
sults for phase II are shown in Fig. 6. 
Because of the rather inconclusive re- 


Solution 0.15M(MgSO,4 +Na2SO,) 


Type Cement, B Type Cement, E 
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Fic. 5.—Weight Change of Concrete in 0.15M Mixed Sulfate Solution—Addition of Fly Ash 


Ta to 5-Sack Concrete. 


was no significant drop in weight after 
1 yr exposure. This is illustrated in Fig. 


The situation was different for con- 
crete cylinders in the more concentrated 
5 per cent sulfate solution. In the second 
phase of testing, some 4 and 5-sack con- 
cretes containing additions of fly ash Ib 
and pumicite II started to level off or 
lose weight at 5 months—more so than 


sults revealed by weight change, an 
effort was made to rate performance on 
the basis of appearance of concrete in 
sulfate solution. Specimens were ex- 
amined and photographed at 6-month 
intervals. The examination revealed that 
sulfate attack started in small surface 
pockets penetrating radially to weaken 
and destroy a thin surface film surround- 
ing the void. This resulted in a charac- 
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teristic surface blister or spall which ap- 
peared to a varying degree on all test 
cylinders. In very general terms, it may 
be said that concretes containing pozzo- 
lans bore a greater number of blisters 
than those without pozzolans. There was 


Explanation: 
5+1=5 Sacks Cement + | Sack 
Pozzolan by Absolute Volume 


Length Change, per cent 


23 3 
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Three by 6-in. cylinders were im- 
mersed for one year in 0.15M or 5 
per cent mixed sulfate solution. Three 
points may be observed: first, blistering 
was more severe in the 5 per cent solu- 
tion than in the 0.15M solution; second, 


= ~= 0.10 
5 5+0 [A 
- a é 
0.06 6+0 - 
| 
5 004} 
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5 0.02 2 
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- % 100 200 300 400 


Time, days 


Fic. 8.—Length Change Time Curves of the Mortar Phase of Concrete in 0.15M Mixed Sulfate 
Solution—Addition of Fly Ash Ia to 5-Sack Concrete. 


also an indication in concretes without 
pozzolan that the number of blisters in- 
creased with increasing cement content. 
Another interesting finding was the 
apparently superior performance of con- 
cretes made with type I cement, which 
spalled less than concrete containing 


type V cement. 


less blistering occurred in concrete con- 
taining type I cement than on the type 
V cement concretes; and third, slightly 
more blistering occurred on concretes 
containing fly ash than on those with- 
out the pozzolan. It is also evident 
that blistering of concrete in the 0.15M 
solution was less severe than in the 


of 
0.02 le led —_ ome 
Tyee Coment, © 
Fic. 7.—Expansion at 1 yr of the Mortar Phase of Concrete in 0.15M Mixed Sulfate Solution— 
Addition of Fly Ash Ia to 5-Sack Concrete. 
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phase I tests. No definite reason can mainly a surface phenomenon and that 
be seen for this although it is to be the interior of the specimens was sound. 
noted that different fly ash and cements It was also found in the petrographic 


Additions to Additions to 
Sack Concrete  5-Sack Concrete 6-Sack Concrete 
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Fic. 9.—Expansion at 8 Months of the Mortar Phase of Concrete in 0.15M and 5 per cent Mixed 
Sulfate Solution—Addition of Fly Ash Ib to 4, 5, and 6-Sack Concrete. 


were used and mix procedures were examination that a film of Mg(OH), that 
slightly modified. had formed on the concretes may have 
A number of specimens representing offered a resistance to infiltrating sulfate 
a large cross-section of the tests were ions. The film was heaviest on concrete 
cut with a diamond saw and examined made with type I cements, and this may 
closely under the microscope. This re- be the reason for its apparently superior 
vealed that the blisters or spalls were performance. 
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As with the weight change results, it 
was difficult to draw definite conclusions 
from visual ratings on the relative per- 
formance of concretes immersed in sul- 
fate solution for exposure periods rang- 
ing from 6 to 12 months, The impression 
was gained, however, that all concretes 
to date offered a satisfactory resistance 
to sulfate attack, and it is estimated 
that because of the high impermeability 
of the concrete, from 3 to 5 yr exposure 
will be required to properly assess rela- 
tive performance. 

The question arises: will the surface 
phenomenon as it now exists become 
insignificant with passing time? Cer- 
tainly, over-all permeability of the con- 
crete as well as chemical composition of 
the paste will play a prominent role in 
long-term performance of the concretes 
in sulfate solution. 

In contrast with the rather nebulous 
early results obtained with concrete 
cylinders in sulfate solution are the 
rather well established trends. arising 
from the length change of mortar phase 
bars in sulfate solution. These provide a 
measure of relative performance of the 
various cement-pozzolan combinations 
that is at some variance with the indi- 
cations offered by the weight change 
and visual rating of the concrete speci- 
mens. 

In the mortar phase tests, the mortar 
from the concrete was screened and cast 
into 1 by 1 by 6}-in.,bars fitted with 
metal reference points. In comparing 
the performance of the mortar bars with 
the 3 by 6-in. concrete cylinders in sul- 
fate solution the following points are 
important: 

1. Both have the same ratio of water 
to cement plus pozzolan. 

2. In a unit volume of concrete, ce- 
ment makes up approximately 75 the 
volume. 

3. In a unit volume of mortar from 
mortar phase of concrete, cement makes 
up approximately } the volume. 
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4. The ratio of the volume of the 
specimen to its surface is approximately 
1:14 for the concrete cylinder and 1:4 
for the mortar bar. 

5. The ratio of the volume of the 
specimen to the volume of the sulfate 
solution is 1:1 for the concrete cylinder 
and 1:3 for the mortar bar. 

The length change of mortar bars ex- 
posed in sulfate solution has been recog- 
nized by many investigators as a basis 
for judgment of the relative performance 
of cement and cement-pozzolan combina- 
tions (6-9). The apparent criterion used 
in this work is: the lower the expansion 
of mortar bars in sulfate solution, the 
greater the sulfate resistance. 

With only two exceptions (the series 
with cement C, where expansions were 
increased by 1- and 1}-sack additions of 
fly ash), the mortar from the 5-sack con- 
cretes containing additions of fly ash Ia 
expanded less in 0.15M mixed sulfate 
solution than the mortar from 5-sack 
concrete without pozzolan. This trend, 
as illustrated in Fig. 7, seems to be well 
established for the four type V cements 
after 1-yr exposure and may suggest 
that the fly ash was primarily responsi- 
ble for the reduced expansion. The re- 
ductions in expansion were most signifi- 
cant with the largest (2}-sack) addition 
of fly ash for concrete made with cements 
B, C, D, and E. With cements B, D, and 
E, the addition of 13 and 2} sacks of fly 
ash was more effective in reducing ex- 
pansion than the 1-sack addition of 
cement. 

Except for the series containing ce- 
ment C, the addition of 1 sack of pozzo- 
lan and 1 sack of cement reduced expan- 
sion by approximately the same amount. 
The series with cement C showed an 
increase in expansion with a 1-sack addi- 
tion of fly ash; however, it also showed 
an increase in expansion for a 1-sack 
addition of cement, which does not con- 


form to the general trend. _ 
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The length change - time curves for 
the mortar phase series with cement E 
are illustrated in Fig. 8. Results for 15 
months exposure show in the top two 
curves of the chart, accelerating expan- 
sion of the mortar phase in the case of 
the 5-sack reference mix and concrete 
with 1 sack of fly ash. Mortar phase from 


Sacks of Cement + Pozzolan 
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after short-term exposure in sulfate solu- 
tion. Eight-month results for the fly ash 
combinations are given in Fig. 9. Re- 
sults after 63 months are shown in Fig. 
10 for the pumicite combinations. 

The trends that were most pronounced 
in the 4-sack series bear out the initial 
test results that show a lowered expan- 


5-Sack Concrete 6-Sack Concrete 
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Fic, 10.—Expansion at 64 Months of the Mortar Phase of Concrete in 0.15M and 5 per cent 
Mixed Sulfate Solution—Addition of Pumicite II to 5 and 6-Sack Concrete. 


the concrete containing 13 or 2}-sack 
additions of fly ash expanded more 
slowly and had not started to accelerate, 
as may be seen in the lower two curves 
of the chart. The 6-sack reference mix 
without fly ash held a middle course be- 
tween the two extremes. 

In later tests using fly ash Ib and 
pumicite II in combination with three 
cements, some slight trends developed 
in the expansion of the mortar phase 


sion of the mortar phase due to the addi- 
tions of fly ash. This held true in the 
0.15M and 5 per cent solutions with no 
definite trend for greater expansion in 
one solution or the other. The fly ash 
additions had a similar effect in con- 
cretes containing type I and type V 
cements, but the over-all performance 
of the two types was very different. Ex- 
pansion of mortar phase bars from con- 
cretes made with type I cement was up 
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to 20 times greater than for bars from 
concrete containing the type V cement. 
There was also some very slight indi- 
cation of the above trends in the 5- and 
6-sack series with fly ash. The differences 
were not great at 8-month exposure with 
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In some cases, results were rather 
erratic in the phase II tests. This was 
particularly noticeable in tests with 
type I cement, where marked differences 
occurred in expansions between repeat 
mixes of equal cement factor. 


Fic. 11.—Expansion at 1 yr of Medium and Lean Standard Sand Mortar in 0.15M Mixed Sulfate 
Solution—Addition of Fly Ash Ia to Fixed Cement Factor. 


expansion for type V cements, rarely 
exceeding 0.03 per cent. In contrast, 
expansions for type I cements were in 
the range of 0.06 to 0.50 per cent. 

In the 5- and 6-sack series with pumi- 
cite, the expansion trends, although 
slight, were the reverse of those obtained 
with the fly ash—that is, additions of 
the pumicite seemed to increase the 
expansion of the mortar phase in sulfate 
solution in relation to straight cement- 
concrete. 


Sulfate Resistance of Standard Sand Mor- 
tars: 


The effect of fly ash additions on po- 
tential sulfate resistance of graded stand- 
ard sand mortars is shown in Fig. 11. 
Expansions at 1 yr of mortar bars in a 
0.15M mixed sulfate solution illustrate 
the relative effect of additions of cement 
and fly ash to fixed cement factors in 
medium (W/C = 0.60) and lean (W/C 
0.75) mortars. Increments in the 
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comparison mixes were on the order of 
16 to 19 per cent cement and 16 to 49 
per cent fly ash. 

Medium mortars made with three 
type V cements and containing the 
largest additions of fly ash expanded 
less than the reference mortars without 
the pozzolan; the reductions in expan- 
sion were equal to or slightly greater 
than those resulting from 16 to 18 per 
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Fic. 12.—Expansion at 6 months of Lean Standard Sand Mortar in 0.15M Mixed Sulfate Solu- 


tion—Replacement of Cement and Sand with Fly 


cent added cement. With the two smaller 
increments of fly ash, the trend for re- 
duced expansion was obtained in three 
tests out of six, and in the remaining 
three marked increases in expansion 
were recorded. 

In the tests with lean mortars, the 
effect of fly ash was to increase expan- 
sion to a certain level with the smallest 
addition and reduce this level with 
larger increments. All expansions of mor- 
tars containing fly ash were greater than 
those of the reference mortars. | 
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A surprising result was the very low 
l-yr expansion of the lean reference 
mortars ir. comparison with the higher 
expansion of medium reference mortars. 
As seen in Fig. 11, the net effect of 18 
and 19 per cent added cement was to 
increase rather than decrease expansion. 
Since this was contrary to the expected 
trend between mortars of different ce- 


Pumicite I 
H_ __ Cement G Cement F Cement H 
a ‘+ 


out ete months } 


out ot 3 months 


Aggregate, per cent 


Ash Ia and Pumicite II. 


ment content, the possibility of an error 
in procedure was considered. A thorough 
check showed the possibility to be re- 
mote, and this was supported by com- 
pression tests of the identical mortar 
mixes described previously and_illus- 
trated in Fig. 4. Differences in strength : 
level between the mortars with water- 
cement ratio 0.75 and 0.60 were as ex- 
pected, on the basis of the water-cement 
ratio theory. The results might, there- 
fore, indicate an optimum cement con- 
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tent in the standard sand mortars which 
will provide maximum sulfate resistance. 

With two exceptions, replacements of 
fly ash Ib for cement or sand in lean 
(1:6 by absolute volume) standard sand 
mortars resulted in increased expansion 
of test bars in 0.15M mixed solution. 
This is illustrated in Fig. 12, which gives 
values for 6 months’ exposure. On the 
average, increases were greatest with 
cement replacement, this effect becoming 
more pronounced with increasing incre- 
ments of the fly ash. The effect of sand 
substitution was to increase expansion 
to a certain level with 15 per cent re- 
placement and reduce that level by 25 
and 35 per cent replacement. With type 
V cement F and type I cement H, 35 per 
cent replacement of sand resulted in re- 
duced expansion over that obtained in 
the control mixes without the fly ash. 

Type I cement mortars with or with- 
out fly ash expanded rapidly in compari- 
son with mortars containing type V 
cement. Most specimens cracked and 
failed within 4 months after immersion 
in sulfate solution. An exception was 
mortar in which 35 per cent of the sand 
was replaced with fly ash; specimens 
from this mix remained in the test at 6 
months with an expansion of 0.48 per 
cent. 

Replacements with pumicite in lean 
mortar produced results quite different 
from those obtained with fly ash. Ex- 
pansion of test bars after 6 months’ ex- 
posure are also shown in Fig. 12. In the 
type V cement mortars, substitutions of 
pumicite for sand produced increased 
expansion, the increases becoming more 
pronounced with larger increments of 
replacement. The same trend occurred 
but to a lesser degree with cement sub- 
stitutions. In type I cement mortars, 
substitutions of pumicite for cement or 
sand reduced expansions, with the ex- 
ception of 25 per cent replacement of 
cement. Expansion rate of all mortars 
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containing type I cement was much 
more rapid than those containing type 
V cement. 


Alkali-A ggregate Reaction: 


It was not expected that the processed 
coarse aggregate from the plateau de- 
posit would contribute to alkali reaction 
since the reactive siliceous shalestone 
was removed by the heavy-media proc- 
ess. The low percentage occurring in the 
processed fine aggregate gave cause for 
concern and resulted in detailed studies 
to check for any adverse action in con- 
crete. 

Three 33 by 43 by 16-in. concrete 
beams fitted with metal reference points 
were cast from each of the comparative 
mix series in phase IT and stored in the 
fog room at 72 F and 100 per cent rela- 
tive humidity. Two hundred specimens 
were made from 4-, 5-, and 6-sack con- 
cretes containing job processed aggre- 
gates, cements F, G, and H, and varying 
additions of fly ash Id and pumicite II. 
Alkali content of the fly ash was 3.1 per 
cent and ranged from 0.37 to 0.96 per 
cent in the cements. Length change of all 
specimens after storage in the fog room 
for 1 to 13 yr was low, ranging from 
0.005 to 0.016 per cent. No cracking was 
observed and no significant differences 
in expansion were found between mixes 
with and without the pozzolan or be- 
tween those containing the different 
cements. 

Separate tests were performed to 
compare the volume change of specimens 
stored in the fog room at 72 F and 100 
per cent relative humidity with speci- 
mens stored over water in sealed con- 
tainers at 100 F and 100 per cent rela- 
tive humidity. Concrete mixes in this 
series were also performed with the job 
processed aggregates and contained 5 
sacks of cement per cu yd with varying 
additions of fly ash Ib. Alkali content 
of the two type V cements used was 


0.32 and 0.63 per cent; the fly ash con- 
tained 3.1 per cent alkalies. Three 3} by 
44 by 16-in. beams were cast from each 
mix for fog room storage and three 3 by 
3 by 11-in. beams were made for storage 
in the sealed containers. After an 8 to 10 
month interval, no definite difference 
developed between expansions of speci- 
mens in the two storage conditions. 
Length change of all the beams was low 
and uniform in the range of 0.002 to 
0.010 per cent. Three 1 by 1 by 11}-in. 
mortar bars were also cast from the 
mortar phase of each mix and stored 
over water in the sealed containers at 
100 F. Expansions of these were only 
slightly higher than the companion con- 
crete specimens—in the range of 0.005 
to 0.015 per cent at 8 to 10 months. 

Mortar mixes were used to study the 
potential alkali reactivity of the proc- 
essed fine aggregate. Proportions were 
selected on the basis of the previously 
described standard mortar bar test, 
ASTM C 227,? and the non-standard 
pozzolan addition method. For purposes 
of comparison, ASTM procedure was 
followed in the non-standard method 
for casting the 1 by 1 by 11}-in. bars 
and storing them in sealed containers 
at 100 F and 100 per cent relative hu- 
midity. 

Eighteen tests using monthy compos- 
ite and random processed fine aggregate 
samples were performed in accordance 
with ASTM: Method C 227,? using type 
I cement H with an alkali content of 
0.96 per cent. The length change of 61 
of the 72 bars from the tests was 0.030 
to 0.043 per cent at 1 yr. These expan- 
sions were well within the limits defined 
in ASTM Specifications C 33 — 576 which 
state: “While the line between nonreac- 
tive and reactive combinations is not 
clearly defined, expansion is generally 


® ASTM Specifications for Concrete Aggre- 
gates (C 33-59), 1959 Supplement to ASTM 
Book of Standards, Part 4. 
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considered to be excessive if it exceeds 
0.05 at 3 months or 0.10 per cent at 6 
months.” The remaining 11 bars cracked 
after 2 to 6 months storage, 7 of these 
fell apart and were removed from the 
test, 4 bars were left in the containers 
and attained an expansion of 0.04 to 
0.07 per cent at 1 yr. An examination of 
the cracked bars revealed reacted sili- 
ceous shalestone particles on the failure 
planes and the telltale gel which accom- 
panies alkali aggregate reaction. It was 
evident that considerable expansion ac- 
companied the reaction and that in most 
cases the disruption was due to clusters 
of shalestones on the failure surface. 

In the non-standard mortar bar test, 
varying increments of pozzolan were 
added to fixed cement factors in medium 
and lean mortars. The tests were de- 
signed to parallel the phase IT concrete 
tests and similar materials were used, 
that is, job processed fine aggregate, 
cements F, G, and H, fly ash Ib and 
pumicite IT. Length change of 240 mor- 
tar bars stored in the sealed containers 
was also low, ranging from 0.01 to 0.04 
per cent at 1 yr. Although differences 
were not great, highest expansions were 
obtained in mortars containing cement 
H (alkali content 0.96 per cent). 

Only the standard mortar bar test, 
ASTM Method C 227,? confirmed that 
siliceous shalestone in the processed fine 
aggregate was reactive with the alkalies 
in cement as revealed by cracking and 
formation of gel at concentrations of 
shalestone particles in about 15 per cent 
of the stored mortar bars. It is signifi- 
cant, however, that expansions were low 
and well within specified limits for the 
great majority of the test bars, indicat- 
ing perhaps general suitability of the 
sand for concrete especially with cement 
containing less than 0.60 per cent alka- 
lies. This is supported by the nonstand- 
ard tests of concrete and mortar with 
and without the additions of pozzolans 


— 
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where the ratio of alkalies to reactive 
constituent varied widely. Expansions 
were low and cracking did not occur 
during long-term storage of concrete and 
mortar prisms in the fog room at 72 F 
and 100 per cent relative humidity or 
over water in sealed containers at 100 F 
and 100 per cent relative humidity. 
Examination of old concrete structures 
in a damp environment and specimens 


in a natural exposure plot also provided 
evidence that a low percentage of sili- 
ceous shalestone in western aggregates 
did not cause serious deterioration due to 
alkali aggregate reaction. Slightly reacted 
shale particles were found in these con- 
cretes but this was unaccompanied by 
cracking or deterioration. As far as can 
be determined, cements used in the 
structures contained alkalies in the 
range of 0.40 to 0.70 per cent. In the 
natural exposure plot, the cements used 
had alkali contents in the range of 0.40 
to 1.0 per cent. 
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Natural Exposure in Bearpaw Shale: 
Relative performance of test speci- 
mens embedded in Bearpaw shale at 
the dam site will depend upon resistance 
to weathering as well as sulfate attack. 
Sulfate content in the soil ranges from 
0.5 to 1 per cent, and specimens will 
be exposed to cycles of wetting and 
drying and freezing and thawing, with 
extremes of temperatures ranging be- 


tween 100 F in midsummer to —50 F in 
winter. It is estimated that the speci- 
mens will be completely frozen for 
about four months in each year. The 
cylinders from each mix were placed in 
the soil with top surfaces exposed. It is 
expected that the first ratings will be 
made in July, 1962. 

The system of rating is illustrated in 
Fig. 13. 

Specimens will be rated from 1 to 6 
depending upon the stage of deteriora- 
tion. A rating of 1 represents perfect 
condition and 6 complete disintegration. 
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While results from natural exposure 
will not be forthcoming for many years, 
it is of interest to dwell briefly on per- 
formance of other concretes to date. 
Tests were performed in 1952 and 1955 
to evaluate the performance of concrete 
and concrete materials that might be 
used in actual construction. All mixtures 
contained entrained air and washed and 
graded aggregates from the plateau de- 
posit. A variety of types I and V cements 
were used, with the cement factor in 
the range of 53 to 6} sacks per cu yd. 
After 5 and 8 yr of natural exposure, 


TABLE IV.—RATINGS AT 5 YR NAT- 
URAL EXPOSURE OF VOLUME-BATCHED 
CONCRETES.* 


Ratings at 5 yr 
Mix Propor- 
tions, iculat 
Cement- Pit-Run, Gradation— 
measur! Factor, sacks nd: Gravel 
volume per cu yd 
50:50 | 60:40 | 70:30 
eee 64 1 1 2 
ee 54 2 2 3 
334 5 6 6 
rere 314 6 6 6 


“Type I cement—clean regraded pit-run 
granular material. 
Specimens lost. 


the majority of specimens had a rating 
of 1, with none greater than 2. Perform- 
ance of concretes made with types I and 
V cements were about equal. 

In the winter of 1955, a series of tests 
was performed during a concrete in- 
spectors course to study volume batch- 
ing methods as related to very small 
isolated projects. Since the tests were 
performed under closely controlled lab- 
oratory conditions, specimens were cast 
for natural exposure. Three different 
pit-run gradations were used, and the 
mix proportions ranged from 1:4 to 1:8. 
Water was added to maintain slump be- 
tween 3 and 4 in., and mixes were re- 
peaied until this range was obtained. 
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The average ratings of specimens deter- 
mined after 5-yr exposure are given in 
Table IV. The concretes were not repre- 
sentative of the carefully designed and 
graded mixtures that will be used in 
concrete construction, yet their relative 
performance illustrates the importance 
of adequate cement for durability and 
the harmful effect of high porosity—in 
this case achieved by over-sanding. 

The environment of tunnel concrete 
will be much different from the condi- 
tions in the exposure plot. There will be 
little chance for evaporation and con- 
centration of salts, since the tunnels 
will be surrounded by soil and filled 
with water. It is expected, therefore, 
that the degree of attack will be small 
in comparison with structures such as 
slab resting in the soil and exposed to 
the elements. 

The pressure section of a test drift 
constructed in Bearpaw shale at the 
site in 1950 provided conditions quite 
similar to those expected for tunnel con- 
crete. The drift was uncovered during — 
excavation work at the dam in 1961 and 
the concrete slabs found to be in excel- 
lent condition. The concrete was made 
with a high C;A type III cement and 
contained a minimum of 7 sacks per cu 
yd. Careful control used in design pro- 
portioning and placement of the con- 
crete resulted in a highly impermeable 
material which may be the prime reason _ 
for the satisfactory performance. 


SUMMARY AND CONCLUSIONS 


The addition of fly ash to fixed cement 
factors in concrete resulted in lowered 
water requirement, improved workabil- 
ity, and satisfactory early strength gain. 
Improved workability was also obtained 
with a pumicite; however, water require- 
ment was increased markedly and com- 
pressive strengths at ages up to6 months _ 
were reduced in relation to the reference — 
concrete without the pozzolan. 
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No conclusions relative perform- 
ance of specimens in sulfate solution are 
attempted at this time since it is possi- 
ble that the arbitrary procedures may 
give misleading results, especially in the 
early period. Even in the long-term 
analysis, it will be difficult to relate the 
results of the accelerated tests to the 
environment of structures at the South 
Saskatchewan River Dam. Ground wa- 
ters at the site contain sulfate in quan- 
tities which warrant the use of type V 
cement, and yet the water sample with 
highest sulfate content contains only 
one half as much SO, as the 0.15 
mixed solution of MgSO, and NaeSO, 
used in the laboratory. Magnesium con- 
tent is a predominant factor in deteriora- 
tion of type V cement concrete, and the 
0.15M solution contains about 7 times 
as much magnesium as the ground water 
sample highest in magnesium. Since the 
tunnels will be surrounded by soil and 
filled with water, there will be little 
chance for evaporation and concentra- 
tion of salts. The exposure conditions 
in the laboratory are very much more 
severe than for the tunnels, due to the 
unnatural conditions of total immersion 
and high ratio of exposed surface to the 
total mass of the small specimens. 

Considering these factors and on the 
basis of fairly satisfactory performance 
to date of laboratory specimens in 0.15M 
mixed sulfate solution, a tentative fore- 
cast has been made. Concrete that is 
well designed, manufactured and placed 
and containing type V cement, processed 
aggregates from the site, cement factor 
in the range of 5 to 6 sacks per cu yd 
with or without additions of fly ash 
should give satisfactory long-term per- 
formance in the tunnels. 

The heavy-media process was speci- 
fied to remove lightweight deleterious 
material from the coarse aggregate at 
the dam site. One of the lightweight 
constituents—a siliceous shalestone— 
contained opal and was found to be 


OF CONCRETE MATERIALS 


reactive with the alkalies in cement. 
A low percentage of the shalestone in 
the processed fine aggregate resulted in 
some cracking of mortar bars stored at 
100 F and 100 per cent relative humidity 
in accordance with ASTM C 227. Ex- 
pansion of the majority of test bars was 
low, indicating suitability of the sand 
for concrete construction. 

Opal content in a typical concrete mix 
was estimated to be about 0.3 per cent, 
and therefore alkali reactivity studies 
were performed to check for an adverse 
action in concrete. Concrete and mortar 
beams from comparative mix series were 
placed in 100 per cent relative humidity 
at 72 F and 100F. The tests embraced 
several cements containing 0.4 to 1 per 
cent alkalies, fly ash containing 3 per 
cent alkalies, pumicite containing 0.8 
per cent alkalies and combinations of 
the materials in rich, medium, and lean 
concretes and mortars. The ratio of al- 
kalies to reactive constituent varied 
widely and yet no abnormal expansion 
of the test bars occurred in periods rang- 
ing to 18 months. While it is perhaps too 
early to reach definite conclusions, the 
results are at least reassuring with re- 
spect to the suitability of the processed 
aggregates. 

Field observations of existing concrete 
structures in western Canada and natu- 
rally exposed concrete specimens have 
revealed the presence of slightly reacted 
shalestone particles but no deleterious 
effects arising from alkali aggregate reac- 
tion. The observations have also shown 
that the many failures attributed to sul- 
fate attack can be traced to a very 
permeable concrete resulting from faulty 
construction practice. It is not certain 
that the failures can be attributed en- 
tirely to the type I cement, which was 
invariably used. It is doubtful if even 
the available type V cements would 
have prevented deterioration in these 
lean permeable concretes. 

Permeability is considered the key to 


| | 
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high sulfate resistance in hydraulic struc- 
tures appurtenant to the South Sas- 
katchewan River Dam. Careful control 
in aggregate processing and concreting 
techniques should provide a highly im- 
permeable concrete. The improved mix 
characteristics and possibly long-term 
impermeability produced by a pozzo- 
lan such as the fly ash tested would be 
an asset in production of a dense concrete. 

A low C;A type V cement will be 
used to achieve maximum chemical sta- 
bility and the compatibility of pozzolans 
with such a cement is still a matter 
under study. 
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: CORRELATION OF FLEXURAL AND COMPRESSIVE STRENGTHS 


OF CONCRETES AND MORTARS* 


SYNOPSIS 


cluded 1-day tests. 


three cement types. 


Often it is desirable to predict the 
strength of either concretes or mortars 
when the results from one or the other of 
these materials have been established by 
actual testing. Since strength results for 
both mortars and concretes increase with 
age, it appears logical that there should 
exist a correlation between the strength 
results for these two materials 

Kesler (1,2)? has shown that relation- 
ships of concrete strengths, as deter- 
mined by the compressive tests of cyl- 
inders or modified cubes and the modulus 
of rupture for concrete beams, will pro- 
duce good correlation. Others have pre- 
sented data for both mortars and con- 

* Presented at the Sixty-fourth Annual Meet- 
ing of the Society, June 25-30, 1961. 

! Head, Concrete Research Laboratory, Ideal 
Cement Co., Fort Collins, Colo. 

2 Research Manager, Ideal Cement Co., Fort 
Collins, Colo. 


3 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


By Ivan L. Lynn! aND KENNETH E. PALMER? 


Statistical correlations of various flexural and compressive strengths of 
laboratory-prepared concretes and mortars using 37 type I, II, and III portland 
cements from different parts of the United States are reported. 

The investigation covered mortar compressive strengths for regular 2 by 
2-in. cubes and 40 by 40-mm modified cubes, and flexural strengths of 40 by | 
40 by 160-mm prisms. Concrete compressive strengths were for 3 by 6-in. 
cylinders, and the flexural strengths were for midpoint loading of 3 by 3-in. 
prisms with a 9-in. span. The concrete consisted of both 4 and 6 sacks of cement 
per cubic yard. Test ages were 3, 7, 28, and 90 days, and type III cements in- — 


Highly significant correlation equations for several strength relationships 
are presented for each of the cement types studied and for a combination of the 


cretes, primarily in tabulated form, such 
as the cooperative test work of the 
Working Committee on Strength of 
ASTM Committee C-1 on Cement (3) 
and a report by Swayze (4). 

The ASTM has outlined compressive 
strength test procedures for mortars by 
the use of 2 by 2-in. cubes or 40 by 40-mm 
modified cubes. Mortar flexural tests are 
made on the 40 by 40 by 160-mm bars. 
Standard methods are also available for 
determining concrete compressive and 
flexural strength. This paper presents 
statistical correlations of these various 
strength tests—mortar versus mortar, 
concrete versus mortar, and concrete 
versus concrete—by means of regression 
equations. 

Regression equations for twelve dif- 
ferent relationships and their correla- 
tion coefficients are presented. An anal- 
ysis of the precision of each of the equa- 
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TABLE I.—TYPE I CEMENTS: 


MORTAR AND CONCRETE TEST RESULTS. 


Concrete Water: 


Mortar Specimen 
Strength, psi 


Concrete Specimen Strength, psi 


Cement Ratio 
anaes {iter Test 40 by 6-Sack Mixes 4-Sack Mixes 
Cement ge, | 2-| 40 by | 40-mm 
days | Modi- 
Ratio in. Cube} 40 by | “seq. | 3 by 6- 3 by 6- 
Com- | 160-mm Cube in, Cyl-| 3by jin. Cyl-| 3 by 
6-Sack | 4-Sack pression |Flexure | Go. | inder | 3-in. | inder 3-in. 
pression Com- |Flexure | Com- |Flexure 
3 | 2840! 580 | 2950 | 3020 | 690 | 1130 | 350 
7 | 4030 | 790 | 4120 | 4350 | 870 | 1820 | 520 
0.476 | 0.495 | 0.769)| | 5490 | 930 | 5830 | 5890 | 900 | 2960 | 720 
90 | 6470 | 1040 | 6220 | 7010 | 1020 | 3290 | 820 
3 |1790| 520 | 2540 | 2550 | 620 | 1020 | 350 
7 | 2710} 720 | 3700 | 3990 | 810 | 1750 | 600 
B eeeeeeerene 0. 490 0 . 51 1 0 . 769 28 4170 900 5020 5450 900 2820 730 
90 | 4600 | 970 | 5560 | 6040 | 1190 | 3220 | 770 
3 |.2490 | 420 | 2040 | 2390 | 620| 290 
: 7 |'3610| 540 | 2950 | 3600 | 760 | 1670 | 490 
Co... e eee. 0.486 | 0.505 | 0.7 28 | 4970 | 730 | 4060 | 4920 | 1030 | 2620 | 750 
90 | 5480 | 950 | 4750 | 5680 | 1150 | 2940 | 810 
3 | 2030 | 470 | 2220 | 2300 |. 560 | 930 | 310 
7 | 3050 | 640 | 3220 | 3400 | 770 | 1540 | 500 
D epeeeveececese 0. 500 0 . 51 1 0 . 777 28 4230 870 4350 4980 930 2640 700 
90 | 4910 | 1020 | 4830 | 5590 | 1060 | 3140 | 760 
3 | 2130] 440 | 2990 | 2320] 570] 920] 300 
7 | 3270| 660 | 3490 | 3750 | 770] 1510| 520 
E....-.+...- 0.505 | 0.505 | 0.785)/ 9g | 5030 | 1020 | 5110 | 5250 | 1020 | 2590 | 710 
90 | 6100 | 980 | 4610 | 6120 | 1220 | 3260 | 880 
3 | 2630 | 550 | 2740 | 2930| 710| 960 | 340 
7 | 4370 | 750 | 4430 | 4820 | 910 | 2000 | 520 
Fo... ee... 0.473 | 0.495 | 0.769)| og | 6340 | 1100 | 6280 | 6260 | 1020 | 3290 | 770 
90 | 7800 | 1060 | 6340 | 7010 | 1090 | 3310 | 750 
3 | 1680| 400 | 2100 | 1980| 490| 270 
7 | 3470| 650 | 3430 | 3880 | 790 | 1550 | 470 
0.510 | 0.511 | 0.7 28 | 4830 | 910 | 4830 | 5840 | 900 | 2810 | 750 
90 | 5380 | 980 | 5270 | 6090 | 1060 | 3420 | 870 
3 
7 
28 
90 
3 
7 
28 
90 
3 
7 
28 
90 
3 
7 
90 
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TABLE I.—Continued, 


Mortar Specimen 
7 en Strength, psi Concrete Specimen Strength, psi 
Cement Ratio 
‘Mortar Test 40 by 6-Sack Mixes 4-Sack Mixes 
Cement Age, 2 by 2| 40 by | 40-mm 
Ratio lin-Cube| 40 by 3 by 6- 3 by 6- 

‘om- |160-mm Cube in. Cyl-| 3 by |in. Cyl-| 3 by 
6-Sack | 4-Sack pression/Flexure | | inder 3-in inder | 3-in. 

pression Flexure | Com- /Flexure 
3 | 2530 | 530 | 2640 | 2980] 700 | 1200] 260 
7 | 3950 | 760 | 4130 | 4510 | 820 | 1840] 560 
0.493 | 0.495 | 0.769)| | 5760 | | 5830 | 6010 | 1060 | 3140 | 720 
90 6300 | 1030 | 6450 | 6990 | 1190 | 3610 | 810 
3 | 2800 | 570 | 2920 | 2670 | 1190} 380 
7 | 4290 | 810 | 4230 | 4290 | 840 | 2060 | 560 
Nu... see eeee 0.493 | 0.511 | 0.769)| 48 | 6230 | 1030 | 6190 | 6080 | 1050 | 3270 | 760 
90 70 | 1060 | 7330 | 6940 | 1180 | 3740 | 840 
3 | 2510} 520 | 2750 | 2610] 620 1070} 250 
7 | 4290 | 770 | 4320 | 4400 | 820] 1930 | 480 
0.493 | 0.495 | 0.769)| 5. | 6100 | 970 | 5900 | 6470 | 1030 | 3440 | 760 
90 | 6310 | 1030 | 6680 | 7190 | 1100 | 3960 | 900 
3 | 2610 | 550 | 2330 | 2260 550 | 1100 | 350 
7 | 3930 | 780 | 3980 | 3920 820 | 1790] 570 
0.470 | 0.511 | 0.768) | 6540 | 980 | 6040 | 5770 | 970 | 3280 | 800 
90 | 7230 | 1150 | 7310 | 6840 | 1240 | 3770 | 890 

tions is made by the standard error of The investigation determined the 


estimate for the dependent variable in 
each of the equations. 


MATERIALS AND TEST PROCEDURES 


The cements for this investigation 
consisted of 15 type I, 13 type II, and 
9 type III portland cements from 
various parts of the United States. 
These were received in connection with 
several projects undertaken by the Re- 
search Department of the Ideal Cement 
Co., and the data compiled in this report 
were obtained from these individual 
laboratory projects conducted over a 
period of approximately one year. All 
concrete and mortar tests were per- 
formed by the same group of laboratory 
personnel and with the same sets of 
laboratory facilities. Strength tests were 
made at the ages of 3, 7, 28, and 90 days 
for all cements, and included 1-day tests 


for the type III portland cements. oy: Book of ASTM Standards, Part 4, p. 655. 


mortar compressive strengths of 2 by 
2-in. cubes (ASTM Method of Test 
C 109) and 40 by 40-mm modified 
cubes (ASTM Method of Test C 349°). 
Mortar flexural strengths were deter- 
mined by using 40 by 40 by 160-mm 
prisms (ASTM Method of Test C 348°). 
Concrete compressive strengths were 
determined on 3 by 6-in. cylinders 
(ASTM Method of Test C 397), and 


4 Method of Test for Compressive Strength 
of Hydraulic Cement Mortars (Using 2-in. Cube 
Specimens) (C 109 — 58), 1958 Book of ASTM 
Standards, Part 4, p. 124. 

5 Method of Test for Compressive Strength 
of Hydraulic Cement Mortars (Using Portions 
of Prisms Broken in Flexure) (C 349 — 59 T) 
1959 Supplement to Book of ASTM Standards, 
Part 4, p. 7. 

6 Method of Test for Flexural Strength of 
Hydraulic Cement Mortars (C 348 — 57 T), 1958 
Book of ASTM Standards, Part 4, p. 156. 

7 Method of Test for Compressive Strength of 
Molded Concrete Cylinders (C 39 — 59), 1958 


Mortar Speci : 
gth, Concrete Specimen Strength, psi 
Cement Ratio 
{iester Test 40 by 6-Sack Mixes 4-Sack Mixes 
Ratio days in. Cube} 40 by ~ 3 by 6- by 6- 
Com- |160-mm Cube in. Cyl-| 3 by |in. Cyl-| 3 by 
6-Sack | 4-Sack pression|F lexure Co | inder | 3-in. | inder -in. 
om Com- |Flexure | Com- |Flexure 
pression 
3 1850 340 | 1660 | 2040 500 730 | 290 
7 2540 510 | 2730 | 2800 610 | 1240 | 330 
WS bs </aww din 0.477 | 0.495 | 0.769 28 3830 760 | 3870 | 4200 870 | 1810 | 610 
90 5510 | 1020 | 5690 | 5450 | 1190 | 2430 | 690 
3 2110 470 | 2180 | 2380 580 960 | 300 
7 3340 590 | 3220 | 3770 800 | 1610 | 470 
AS 0.490 | 0.511 | 0.769 28 5690 910 | 5610 | 5900 970 | 2900 | 780 
90 7040 | 1100 | 6920 | 6730 | 1190 | 3430 | 820 
ay Cis 3 1950 400 | 1980 | 1860 500 760 | 240 
‘ 7 2780 540 | 2670 | 2740 680 | 1170 | 430 
_: eae 0.482 | 0.511 | 0.7 28 4660 830 | 4380 | 4630 970 | 2140 | 610 
90 5570 960 | 5330 | 5300 | 1150 | 2570 | 730 
3 1990 400 | 2090 | 1860 440 660 | 200 
7 3170 620 | 3370 | 3270 730 | 1330 | 380 
RE rere ae 0.473 | 0.500 | 0.7 28 5990 900 | 5930 | 5870 950 | 2780 | 610 
90 6900 | 1060 | 6010 | 6440 | 1040 | 3350 | 760 
3 1970 410 | 2010 | 2260 590 830 | 270 
. 7 3810 590 | 3230 | 3590 800 | 1430 | 380 
ee 0.505 | 0.489 | 0.7 28 5250 860 | 4950 | 5870 | 1030 | 2720 | 690 
90 5960 960 | 5600 | 7040 | 1230 | 3230 | 800 
3 2380 490 | 2210 | 2270 570 710 | 270 
. 7 3200 590 | 2880 | 3500 740 | 1390 | 380 
EN ae 0.476 | 0.495 | 0.7 28 5300 840 | 4850 | 5210 | 1040 | 2620 | 720 
90 6180 | 1080 | 6170 | 6190 | 1220 | 3110 | 700 
3 2140 460 | 2380 | 2200 550 810 | 270 
. 7 3500 680 | 3690 | 3890 860 | 1520 | 460 
Ces cect ee sis 0.485 | 0.505 | 0.769 28 5360 920 | 5810 | 6030 890 | 2780 70 
90 6550 | 1030 | 5610 | 6350 | 1040 | 3180 | 810 
3 1910 420 | 1920 | 1880 480 710 | 220 
ony 7 2540 540 | 2910 | 2880 690 | 1140 | 440 
Re eee 0.480 | 0.516 | 0.774 28 4410 860 | 4750 | 4970 940 | 2200 | 680 
90 6180 | 1090 | 6060 1070 | 2940 | 710 
3 2560 510 | 2500 | 2490 570 790 | 260 
7 3800 770 | 3710 | 3950 830 | 1320 | 410 
Bs iano aoe 0.470 | 0.495 | 0.769 28 6100 | 1020 | 5640 | 6420 | 1060 | 2880 | 700 
90 7360 | 1110 | 6890 | 7190 | 1160 | 3470 | 840 
3 
7 
28 
90 
3 
7 
28 
90 
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TABLE II.—Continued. 


Mortar Specimen 2 
eee ae Strength, psi Concrete Specimen Strength, psi 
Cement Ratio 
Mortar 6-Sack Mixes 4-Sack Mixes 
Test 40 ac 
Cement Ase, 2 by 2-| 40 by 
Ratio ¥S jin, Cube| 40 by | Mod | 3 by 6- 3 by 6- 
Com- |160-mm | in. Cyl-| 3 by |in. Cyl-| 3 by 
6-Sack | 4-Sack pression |Flexure | ),. | inder 3-in. | inder | 3-in. 
pression Flexure 4 Flexure 
3 1910 440 | 2160 | 1940 490 770 | 230 
7 3510 620 | 3460 | 3650 810 | 1570 | 460 
sora 8-aaia scars 0.493 | 0.495 | 0.76 28 5640 910 | 5840 | 5980 930 | 3020 | 700 
90 6490 | 1030 | 6600 | 7160 | 1310 | 3630 890 
3 2690 540 | 2950 | 2530 640 | 1010 | 340 
7 3780 750 | 3900 | 3720 880 | 1440 | 440 
0 
Po oss eeeeees 0.400 | 0.600 | 0.7 28 | 5780 | 1050 | 5870 | 5650 | 1060 | 2650 | 760 
90 6770 | 1110 | 6690 | 6450 | 1190 | 3320 | 840 
concrete flexural tests were made on 3 STATISTICAL CORRELATION 
by 3 by 17-in. prisms by center point 
loading using a 9-in. span (ASTM From the _laboratory-developed 


Method of Test C 293%). The making 
and curing of the concrete test specimens 
were performed in accordance with 
ASTM Method C 192,° with the ex- 
ception of using the size of specimens 
denoted above and an internal vibrator 
for compaction. 

The concretes were non-air-entrained 
and contained maximum size 
aggregate from Elgin, Ill. The sand and 
gravel gradations were constant for each 
mix. The concrete slumps were main- 
tained at 3 + 3 in. 

Tabulations of the test results and 
water-cement ratios for the mortars and 
concretes are given in Tables I, II, and 
III for the types I, II, and III cements, 
respectively. The strength results shown 
are the averages obtained from three 
specimens, except the concrete flexural 
results, which are the averages of two 
tests. 

8 Method of Test for Flexural Strength of 
Concrete (Using Simple Beam with Center-Point 
Loading) (C 293-59), 1958 Book of ASTM 
Standards, Part 4, p. 670 

® Method of Making and Curing Concrete 
Compression and Flexure Test Specimens in the 


Laboratory (C 192-59), 1959 Supplement to 
Book of ASTM Standards, Part 4, p. 96. 


strength data, single straight-line re- 
gression equations of the type Y = a + 
bX were computed by means of the 
“least squares method” (5) for each of 
the cement types and as a unit by using 
the three cement types combined. Re- 
gression equations and correlation co- 
efficients for the following 12 relation- 
ships are tabulated in Table IV: 


1. Mortar cube compressive strength (2-in.) 
versus mortar flexural strength (40-mm), 

2. Modified cube compressive strength (40- 
mm) versus mortar cube compressive 
strength (2-in.), 

3. Modified cube compressive strength (40- 
mm) versus mortar flexural strength (40- 
mm), 

4. Concrete compressive strength (6-sack) ver- 
sus mortar cube compressive strength (2-in.), 

5. Concrete flexural strength (6-sack) versus 
mortar cube compressive strength (2-in.), 

6. Concrete flexural strength (6-sack) versus 
mortar flexural strength (40-mm), 

7. Concrete compressive strength (6-sack) ver- 
sus modified cube compressive strength 
(40-mm), 

8. Concrete compressive strength (6-sack) ver- 

sus mortar flexural strength (40-mm), 

9. Concrete compressive strength (6-sack) ver- 

sus concrete flexural strength (6-sack), 

10. Concrete compressive strength (4-sack) ver- 

sus concrete flexural strength (4-sack), 
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TABLE III.—TYPE III CEMENTS: MORTAR AND CONCRETE TEST RESULTS. 


“es Concrete Specimen Strength, psi 
a Mortar 6-Sack Mixes 4-Sack Mixes 
ement days |.2 by 2-| 40 by Modi- 
Ratio sea | cee in. Cube} 40 by fea |2 by 6- 3 by 6- 
Com- |160-mm Cube |i”: I-| 3 by jin, Cyl-| 3 by 
pression] Flexure Com- | inder 3-in. inder | 3-in. 
Com- |Flexure| Com- /Flexure 
p pression 
1 2180 | 480 | 2170 | 1980 | 440/ 710) 220 
3 | 3460 | 690 | 3420 | 3660 680) 1590 | 430 
Ao a's: a Gis bac 0.507 | 0.511 | 0.769 7 | 4800 | 780 | 4610 | 5060 | 890 | 2440 570 
28 | 6120 | 1020 | 5710 | 6480 | 970 | 3770 | 840 
90 | 6430 | 1070 | 6510 | 7170 | 1180 | 4220 | 900 
1 1770 | 460 | 1990 | 1720 | 440| 180 
3 | 4130 | 760 | 4350 | 4290 | 770 | 1920 510 
0.511 | 0.7694 7 5480 | 890 | 5370 | 5370 | 890 | 2660 | 630 
28 | 7410 | 1140 | 6910 | 6840 | 1030 | 3890 | 820 
90 | 7440 | 1080 | 7340 | 7300 | 1160 | 4340 | 980 
1 2430 | 510 | 2420 | 1660 | 830 330 
3 | 4370 | 760 | 4250 | 4350 | 760 | 1940 | 500 
0.500 | 0.511 | 0.7694 7 | 5540 | 900 | 5530 | 5670 | 830 | 2780 | 650 
28 | 6890 | 1170 | 6730 | 6560 | 1010 | 3650 | 800 
L 90 | 7030 | 1030 | 6630 | 6860 | 1160 | 3750 | 860 
1 1570 70 | 1610 | 1310 | 360) 450) 160 
3 | 3070 | 580 | 3960 | 3040 | 720 | 1310 420 
__ Ay eee ee 0.486 | 0.505 | 0.769 7 4760 | 720 | 4530 | 5300 | 860 | 2390 | 580 
28 | 6300 | 990 | 6120 | 6190 | 1070 | 3640 | 740 
= 90 | 6530 | 950 | 6320 | 7040 | 1140 | 3950 | 850 
1 | 2470 | 560 | 2430 | 2020 | 520 | 580 | 220 
= 3 | 4300 | 820 | 3990 | 3720 | 730) 1500 | 410 
Seas Seay ae 0.500 | 0.516 | 0.802; 7 | 5700 | 1020 | 5540 | 5110 | 810 | 2380 | 590 
28 | 7330 | 1170 | 6410 | 7000 | 940 | 3770 | 760 
90 | 7260 | 1090 | 6850 | 7370 | 1170 | 3870 | 870 
1 1670 | 410 | 1690 | 1560 | 350 130 
3 | 3990 | 700 | 3600 | 3960 | 820 1720 | 490 
Bahasa 0.495 | 0.511 | 0.7604 7 5480 | 850 | 5510 | 5560 | 910 | 2810 | 660 
’ 28 7380 | 990 | 6630 | 6880 | 1120 | 4140 | 810 
90 | 7200 | 980 | 6860 | 6980 | 1130 | 4330 | 900 
1 3030 | 600 | 3100 | 2070 | 430 780] 260 
3 5330 | 800 | 4950 | 4530 | 830 | 2010 | 500 
Dit SiRG as acne 0.500 | 0.527 | 0.769; 7 760 | 890 | 6400 | 6280 | 900 | 3410 | 700 
28 | 8630 | 1050 | 7470 | 7030 | 1010 | 4800 | 840 
90 | 9040 | 1030 | 7610 | 7330 | 1160 | 5030 | 930 
1 2030 | 420 | 1840 | 1510! 430] 550 170 
3 | 4400 | 790 | 4490 | 4080 | 730 | 1720 | 480 
N.. 0.507 | 0.511 | 0.769 7 6160 | 900 | 5560 | 5710 | 860 | 2670 | 640 
28 | 7740 | 1050 | 7260 | 7120 | 1010 | 4080 | 860 
90 | 7560 | 1180 | 7420 | 7670 | 1290 | 4280 | 920 
1 
3 
7 
28 
90 
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TABLE IV.—REGRESSION EQUATIONS AND CORRELATION COEFFICIENTS. 


Ramin 
r 
2-in. mortar cube compressive strength 
= —1474 + 7.692 (40-mm mortar flexural strength) 0.947 
1-I.. 2-in. mortar cube compressive strength 
= —1395 + 7.390 (40-mm mortar flexural strength) 0.928 
1-II. 2-in. mortar cube compressive strength 
= —1100 + 7.107 (40-mm mortar flexural strength) 0.979 
SS Peer 2-in. mortar cube compressive strength 
= —1817 + 8.458 (40-mm mortar flexural strength) 0.952 
40-mm modified cube compressive strength 
= 457 + 0.8825 (2-in. mortar cube compressive strength) 0.977 
2-I 40-mm modified cube compressive strength 
= 594 + 0.8659 (2-in. mortar cube compressive strength) 0.956 
2-11. 40-mm modified cube compressive strength 
‘= 308 + 0.9154 (2-in. mortar cube compressive strength) 0.985 
2-IIl 40-mm modified cube compressive strength 
= 386 + 0.8817 (2-in. mortar cube compressive strength) 0.989 
40-mm modified cube compressive strength 
= —1048 + 7.044 (40-mm mortar flexural strength) 0.961 
3-1. 40-mm modified cube compressive strength 
= -940 + 6.806 (40-mm mortar flexural strength) _ 0.943 
40-mm modified cube compressive strength 
= -—796 + 6.634 (40-mm mortar flexural strength) 7 0.984 
40-mm modified cube compressive strength 
= —1352 + 7.620 (40-mm mortar flexural strength) _ 0.961 
6-sack concrete compressive strength 
= 374 + 0.9354 (2-in. mortar cube compressive strength) 0.967 
6-sack concrete compressive strength 
= 604 + 0.9256 (2-in. mortar cube compressive strength) 0.961 
6-sack concrete compressive strength 
= 238 + 0.9720 (2-in. mortar cube compressive strength) 0.983 
4-Til....... 6-sack concrete compressive strength 
= —38 + 0.9621 (2-in. mortar cube compressive strength) 0.973 
eee 6-sack concrete flexural strength 
= 354 + 0.1113 (2-in. mortar cube compressive strength) 0.893 
6-sack concrete flexural strength 
= 389 + 0.1124 (2-in. mortar cube compressive strength) 0.914 
5-II. 6-sack concrete flexural strength 
= 304 + 0.1309 (2-in. mortar cube compressive strength) 0.948 
6-sack concrete flexural strength 
= 254 + 0.1127 (2-in. mortar cube compressive strength) 0.931 
6-sack concrete flexural strength 
= 130 + 0.9317 (40-mm mortar flexural strength) 0.920 
6-I. 6-sack concrete flexural strength 
= 170 + 0.9081 (40-mm mortar flexural strength) 0.927 
6-sack concrete flexural strength 
= 138 + 0.9582 (40-mm mortar flexural strength) 0.956 
6-1II 6-sack concrete flexural strength 
= 16 + 0.9936 (40-mm mortar flexural strength) 0.923 
6-sack concrete compressive strength 
= —28 + 1.042 (40-mm modified cube compressive strength) 0.982 
aR 6-sack concrete compressive strength 
= 170 + 1.024 (40-mm modified cube compressive strength) 0.963 
6-sack concrete compressive strength 
. = —5 + 1.042 (40-mm modified cube compressive strength) 0.979 
6-sack concrete compressive strength 
= —442 + 1.088 (40-mm modified cube compressive strength) 0.981 
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TABLE IV.—Continued. 
Equation Equation 
r 
saree 6-sack concrete compressive strength 
= —1270 + 7.528 (40- -mm mortar flexural strength) 0.958 
6-sack concrete compressive strength 
= —1073 + 7.321 (40-mm mortar flexural strength) ’ ' 0.954 
8-II. 6-sack concrete compressive strength 
= -—857 + 6.943 (40-mm mortar flexural strength) 0.967 
6-sack concrete compressive strength 
= —2042 + 8.442 (40-mm mortar flexural strength) / a 0.961 
6-sack concrete compressive strength 
= —1629 + 7.290 (6-sack concrete flexural strength) ; 0.939 
9-I 6-sack concrete compressive strength fe 
= —1850 + 7.398 (6-sack concrete flexural strength) a 0.944 
9-II. 6-sack concrete compressive strength 
= —1508 + 6.838 (6-sack concrete flexural strength) ry 7 0.955 
6-sack concrete compressive strength 
= —1653 + 7.883 (6-sack concrete flexural strength) 0.966 
| 4-sack concrete compressive strength 
= —568 + 4.960 (4-sack concrete flexural strength) 0.964 
10-I 4-sack concrete compressive strength 
= —602 + 4.853 (4-sack concrete flexural strength) 0.965 
10-II 4-sack concrete compressive strength 
= —368 + 4.370 (4-sack concrete flexural strength) 0.976 
ER 4-sack concrete compressive strength 
= —629 + 5.445 (4-sack concrete flexural strength) 0.983 
2. 6-sack concrete compressive strength 
= 1188 + 1.528 (4-sack concrete compressive strength) 0.976 
A 6-sack concrete compressive strength 
= 1090 + 1.580 (4-sack concrete compressive strength) 0.984 
11-II. 6-sack concrete compressive strength 
= 904 + 1.761 (4-sack concrete compressive strength) 0.988 | 
ea 6-sack concrete compressive strength 
= 1283 + 1.427 (4-sack concrete compressive strength) 0.976 
6-sack concrete flexural strength 
= 299 + 0.9857 (4-sack concrete flexural strength) — 0.949 
6-sack concrete flexural strength 
= 310 + 0.9690 (4-sack concrete flexural strength) 0.940 7 
6-sack concrete flexural strength 
= 290 + 1.0660 (4-sack concrete flexural strength) 0.957 
6-sack concrete flexural strength 
= 269 + 0.9685 (4-sack concrete flexural strength) 0.975 ; 
“Code for equation numbers: C = Type I, II, and III cements combined (n = 157), F 
I = Type I cements (n = 60), 
: = Type II cements (n = 52), and 
= Type III cements (n = 45). 

11. Concrete compressive strength (6-sack) ver- statistical term used to measure the 
sus concrete compressive strength (4-sack), spread of the test results about a re- 
and 

12. Concrete flexural strength (6-sack) versus gression line. The values of r can range 
concrete flexural strength (4-sack). from +1 to —1, with the plus and minus 

signs indicating the direction of the slope 
The correlation coefficient r is a_ of the regression line. If the correlation 
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coefficient is one, then a perfect correla- 
tion exists and all values would fall on 
the regression line. Conversely, if the r 
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it was determined that these twelve 


relationships are highly _ significant. 
Equation 5-C, with 155 degrees of free- 
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Concrete Flexural Strength, psi (6-sack Mixes) 


Fic. 9.—Line of Regression of Concrete Compressive Strength (6-Sack Mixes) on Concrete Flexu- 


ral Strength (6-Sack Mixes). 


value is 0, no correlation exists and no 
direct relationship between the two test 
results would be indicated. 

Comparing the correlation coefficients 
for these regression lines with tabulated 
values from statistical handbooks for the 
number of degrees of freedom (n — 2), 


dom, has the lowest correlation co- 
efficient, 0.893. From the tabulated 
values of correlation coefficients, this 
value could be as low as 0.205 and meet 
the requirements of being significant at 
the 99 per cent level. 

Figures 1 to 12 illustrate the strength 
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data and the regression line for each 
cement type and with the three cement 
types combined. The equation shown on 
each of these figures is for the combined 


cements. 
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presented in Table IV, and the regression 
lines are plotted on each of the figures. 
The precision of the regression equa- 
tions was measured by computing the 
standard error of estimate. This value 


Concrete Flexural Strength, psi (4-sack Mixes) 
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Fic. 10.—Line of Regression of Concrete Compressive Strength (4-Sack Mixes) on Concrete Flex- 


ural Strength (4-Sack Mixes). 


Since the correlation coefficients for 
the equations using the combined cement 
types were highly significant and the 
similarity of the regression lines was 
noted when plotted on the accompanying 
figures, an analysis of the equations for 
each cement type was not made. The 
equations for each type of cement are 


for each of the equations as shown in 
column 2 of Table V indicates that two 
thirds of the data will fall within plus and 
minus the standard error when applied 
to the Y values or dependent variables 
for each of the equations. 

The standard error of estimate, as 
applied to a regression equation, is a 
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Fic. 11.—Line of Regression of Concrete Compressive Strength (6-Sack Mixes) on Concrete Com- 
pressive Strength (4-Sack Mixes). 
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Fic, 12.—Line of Regression of Concrete F lexural Strength (6-Sack Mixes) on Concrete Flexural 
Strength (4-Sack Mixes). 
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term similar to the standard deviation 
for grouped data. The American Con- 
crete Inst. (6) has shown that one can 
expect a coefficient of variation of 
laboratory test data to be as high as 7 
per cent for good test work. In other 
words, if the average strength of test 
results was 4000 psi, a variation or 
standard deviation of +400 psi would 
not be unreasonable. Since a regression 
equation involves two sets of data, we 
could expect a coefficient of variation of 
7 per cent for each set or approximately 


TABLE V.—PRECISION OF REGRESSION 


EQUATIONS. 
Ratio of Y Value to 
an Standard X Value 
umber Error of 
(from Estimate, . 
Table IV) psi Low igh 
Strength Strength 
600 4.00 6.22 
a 350 1.11 0.95 
ee 480 4.43 6.00 
110 0.29 0.16 
90 1.26 1.06 
410 1.03 1.04 
arr 500 4.35 6.26 
600 4.58 5.93 
es 310 2.12 4.25 
re 400 2.72 1.83 
70 2.48 1.36 


10 per cent variation for the regression 
equation. This is approximately the case 
since, for example, by use of equation 
4-C we can predict the compressive 
strength of concretes from the mortar 
cube strength and expect a +460-psi 
variation at 4000 psi. 

Columns 3 and 4 of Table V present 
the ratio of the Y (dependent variable) 
to the X (independent variable) for each 
of the related strengths at a low and 
high strength level. The ratio of com- 
pressive strengths to flexural strengths 
is approximately 4 for low strengths and 
6 for high strengths. The ratio of com- 
pressive-to-compressive and flexural-to- 
flexural strengths is approximately 1, 


regardless of the strength level. The ex- 
ception to these ratios is in cases where 
the 4-sack concretes are involved. 

The ratio of the 4-sack concrete com- 
pressive strength to flexural strength is 
approximately 2 for low strengths and 4 
for the high-strength level. The ratio of 
6-sack concrete strengths to 4-sack con- 
crete strengths is approximately 2.5 for 
low strengths and 1.5 for high strengths. 

It should be pointed out that these 
strength relationships were developed 
from controlled laboratory concretes and 
mortars. Similar equations would be 
found by using data from other concrete 
investigations. Different aggregate 
sources, gradations, concrete slumps, 
and other factors which influence 
strength might produce different rela- 
tionships. 


CONCLUSIONS 


1. This project illustrates that ex- 
cellent correlations exist between various 
strength test results and that once the 
equations are determined, they can be 
used for computing other strength re- 
sults. The following strength results can 
be determined within the expected 
limits of repeatability of laboratory 
testing: 

(a) Mortar flexural strength from 

mortar compressive strength, 

(6) Modified mortar cube compressive 
strength from standard 2-in. cube 
compressive strength, 

(c) Concrete flexural strength from 
concrete compressive strength, 
and 

(d) Concrete strengths for various 
cement contents when other mix 
design factors remain the same. 

2. The development of equations for 
various cement types is not required, 
since the regression equations for the 
combination of all cements are not 
significantly different from those for the 
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STRAIN DISTRIBUTION IN COMPRESSIVELY LOADED 
CONCRETE SPECIMENS* 


By Joun R. Keeton! 


SYNOPSIS 


Experimental short-time loading tests were made on portland-cement 
concrete cylindrical specimens to reveal relative strain-sensing capabilities 
of mechanical and resistance strain gages. In addition, end-to-end strains 
were measured with resistance-type cantilever reeds. 

Determination of end-to-end strain distribution by using mechanical and 
resistance gages as well as the newest photoelastic technique revealed extreme 
variations in strains both inside the concrete and along the outer surface of 
the cylindrical specimens. 

Comparative tests indicated that strain measurements made with devices 
containing electrical resistance strain-sensing elements are more reliable be- 
cause they reveal little effects of test variables. 

Tests with the photoelastic coating technique indicated that contours of 
. maximum shear strains follow no set rule regarding mortar and larger aggre- 
gate. The concrete acts like a rigid skeleton in which the strains are distributed 
indiscriminately around, across, and among pieces of large aggregates and ; 
the mortar which surrounds them. 


In a study of concrete creep and 
shrinkage characteristics? considerable 
differences were observed between longi- 
tudinal compressive strains measured 
in the central portions of cylindrical 
specimens and those measured end-to-end 
in the same specimens. Central portion 
strain measurements were made with 
mechanical strain gages using cast-in- 
place metallic screws as reference points. 
The end-to-end measurements were made 
with cantilever deflection-type reeds 
instrumented with electrical-resistance 
strain gages. It was deemed advisable to 

* Presented at the Sixty-fourth Annual Meet- 
ing of the Society, June 25-30, 1961. 

1 Senior Project Engineer, Materials Division, 
U. S. Naval Civil Engineering Laboratory, Port 
Hueneme, Calif. 

2 John R. Keeton, “Time Dependent Defor- 


mations of Plain Concrete,”’ Highway Research 
Board Proceedings, Vol. 39, pp. 310-335 (1960). 
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determine by experimental investigation 
whether the differences between the two 
strain values could be attributed to the 
measuring methods or whether an 
anomaly had been disclosed. 

Accordingly, experimental compressive 
static loading tests (not time-dependent) 
were conducted to disclose the true re- 
lationship between these methods of 
measurement and to reveal the distri- 
bution of strains throughout the length 
of cylindrical concrete specimens. For 
comparative purposes, strain values are 
reported in microinches per inch unless 
indicated otherwise. 

The test specimens were concrete 
cylinders 6 in. in diameter and 18 in. 
long. The cylinders were cast vertically, 
and the top surfaces were hand finished 
with a steel trowel. The concrete was 


|| 
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made with type III portland cement, 
and the maximum size aggregate was 
3 in. For 1 cu ft, the quantities by weight 
of the ingredients were as follows: 
cement, 28.20 lb; fine aggregate, 46.84 
Ib; coarse aggregate, 58.48 lb. Water- 
cement ratio was 5.16 gal per sack. The 
specimens were cured for 24 days in fog 
and subsequently for about six months in 
20 per cent relative humidity (73 F). 
Compressive strength at time of testing 
was about 6500 psi. For loading the test 
specimens, a 400,000-Ib. hydraulic testing 
machine was utilized in which the load 
was applied by upward movement of the 
platen. 


INSTRUMENTATION 


Mechanical Strain Gages: 


Mechanical fulcrum-plate strain gages 
were used to measure the deformation 
between two metal gage-points em- 
bedded 3% in. in the concrete (inserts) or 
between gage points affixed to the outer 
surface of the concrete (outserts). De- 
formation measurement for a given load 
was converted to strain over the length 
of the gage. Two longitudinal gage lines 
were placed diametrically opposite one 
another on each specimen, and strains 
reported represent average values for 
the two gage lines. Accuracy of the 
mechanical strain gages was verified with 
a specially-made micrometer device. 


Resistance Strain Gages: 


To enable better definition of compres- 
sive strain distribution, bonded electrical 
resistance strain gages of various lengths 
were cemented to the outer surface of the 
concrete on diametrically opposed longi- 
tudinal gage lines. The two diametrically 
opposite gages for each position were 
connected in series in the measuring 
arm of a Wheatstone bridge to obtain the 
average strain of the two sides of the 
specimen. The gage lines of the resistance 
strain gages were placed 90 deg radially 
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from the mechanical strain gage lines. 
Initial and final strain readings were 
made with an electronic strain indicator 
through a switching and balancing unit. 


Cantilever Reeds (End-to-End Measure- 
ment): 


Two cantilever deflection reeds were 
mounted diametrically opposite one 
another to measure the end-to-end de- 
formation of the loaded specimen. 
Installation of the reeds is illustrated in 
Fig. 1. The reed block was anchored to 
the lower bearing plate and the brass rod 
holding the reed was anchored to the 
upper plate. Two resistance strain gages 
were placed on each reed, and the four 
gages were connected in a Wheatstone 
bridge to provide complete temperature 
compensation and to indicate, by prior 
calibration, the average end-to-end strain 
of the specimen. The bridge resistance 
readings were made on an electronic 
strain indicator, and strains were com- 
puted by using a calibration factor. 


Photoelastic Coating Method of Strain 
Measurement: 


In recent years, a variation of the 
photoelastic method* of stress analysis 
known as the photoelastic coating 
method has been developed.* The photo- 
elastic coating technique differs from 
conventional photoelasticity* in that 
the strain in the structure itself can be 
observed without resorting to a model 
composed of plastic, bakelite, or similar 
substance. A special transparent plastic 
is bonded directly to the surface of the 
structure to be studied. Upon being 
strained, the plastic becomes birefringent, 


*Felix Zandman, ‘“PhotoStress—Principles 
and Applications,’’ Booklet published by Tat- 
nall Measuring Systems Co., Phoenixville, Pa., 
pp. 1-16. 

4M. Hetenyi, Ed., “(Handbook of Experi- 
mental Stress Analysis,’’ John Wiley and Sons, 
Inc., New York, N. Y., pp. 74-76; 828-976 
(1950). 
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and, when viewed in a field of polarized 
light through a reflection polariscope, 
black and colored fringe patterns are 
observed which are directly proportional 
to the intensity of strain. Thus the 
complete pattern of mechanical strains 
in a loaded structure can be observed. 
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mented to the concrete surface adjacent 
to some of the inserts. 

Resistance strain gages with gage 
lengths of in., in., in., 1 in., and 6 
in. were cemented to the concrete sur- 
face in separate diametrically opposite 
longitudinal gage lines. The gages were 


Fic. 1.—Test Installation to Determine Strain Distribution. 


Experimental Testing Program: 


Loading tests were conducted using a 
6 by 18-in. concrete specimen on which 
strain measurements were made simul- 
taneously with mechanical strain gages, 
resistance strain gages, and cantilever 
reeds. The entire test installation is 
pictured in Fig. 1. Mechanical strain 
gage inserts were placed in 2-in., 5-in., 
and 10-in. gage lengths, as indicated in 
Fig. 2, to enable overlapping measure- 
ments using different gages. Metal disks 
to be used as outsert points were ce- 


placed in such a manner that the longer 
gages overlapped the shorter gages. 
The $-in. gages were positioned as close 
to the top and bottom surfaces as physi- 
cally possible. The locations and spacings 
of the various resistance gages are in- 
dicated on the illustrations presented 
with each of the tests (Fig. 3). 

The specimen was loaded between 6-in. 
diameter steel bearing plates 1 in. thick, 
and the hand-finished end of the speci- 
men was at the top. A seating load of 100 
psi was used to obtain the initial or “‘no 
load” readings. All measurements were 
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TABLE I.—SUMMARY OF RELATION- 
SHIPS BETWEEN MECHANICAL AND 
CANTILEVER MEASUREMENTS. 


(Strains are in microinches per inch.) 


|Average End-to-End Strain 
Ratio: Mechanical 
Gages to Canti- 
Applied Mechanical lever Reeds 
+ a 
Strain Gages Canti- 
lever 
|5-2-5 |5-10- |5-2-5 |5-10- 
1000... .| 366) 351) 343) 411 |0.89\0.85/0.83 
2000... .| 680) 637| 714 |0.95\0.89'0.88 
3000... .| 965) 904) 902) 965 |1.00\0.940.93 
4000. . . 1194 |1.04/0.97/0.98 


@ Insert gage points. 
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strains. In Fig. 2(@) strain distribution is 
pictured as determined by the 2-in. and 
5-in. mechanical insert measurements. 
The strain is fairly uniform in the central 
portion but high strains are seen.in the 
ends. Figure 2(6) depicts strain as 
measured with the 5-in. and 2-in. me- 
chanical gages (insert gage points) in 
locations as shown. 

Pertinent relationships between me- 
chanical and cantilever measurements 
are summarized in Table I. The center 
2-in. value was utlized in computation of 
the end-to-end strain with the 5-in. 
measurements. Referring to the mechan- 


= 

= TABLE II.—COMPARISONS OF INSERT AND OUTSERT 7 f 

MEASUREMENTS (MECHANICAL). 

(Note.—All strains are in microinches per inch.) - 
1000 psi 2000 psi 3000 psi 4000 psi 
Mechanical Measurement ~ ~ % 

l/s 
Topmost, 2 in., (AB)..............|1085) 93|2370/2084/0.88 
276| 269/0.97| 556) 550\/0.99) 825) 
Bottommost, 2 in., (LM)........... 486 350\0.72 930| 


* Ratio is outsert value to insert value. 


made simultaneously and required about 
90 sec for each loading. 


Strain Distribution by Mechanical Gages: 


Average strains for at least 3 tests each 
at stresses of 1000, 2000, 3000, and 4000 
psi are presented in Fig. 2 for com- 
parisons between mechanical strain 
gages and cantilever reeds. 

For clarity, the average measurement 
for the mechanical gage lengths is 
depicted in Figs. 2(a) and 2(6) as uni- 
form over the entire gage length. The 
topmost and bottommost gage lengths 
included 1 in. of the respective steel bear- 
ing plates. The steel strain has been de- 
ducted; the values reported are concrete 


ical gage measurements in terms of 
concrete segments as designated in Fig. 
2, an example of the computation of the 
end-to-end strain for the 5-2-5 in. 
method is as follows: AD plus CF minus 
CD plus FG plus GK minus JK plus JM. 
The strains in segments CD and JK were 
determined by utilizing the upper and 
lower 5-in. measurements (CF and GK) 
which overlapped the 2-in. segments 
DE-EF and GH-HJ. Generally speaking, 
end-to-end compilations using the 2-in. 
measurements agreed most closely with 
the cantilever values, probably because 
one of the inserts was common to the 
measurement above and below, thus 
cancelling any effect of bulging of the 


concrete or differential strains along the 
embedded insert. The greatest difference 
is observed with the 5—10-5 in. computa- 
tion at 1000 psi (— 17 per cent). 

Outsert disks were placed adjacent to 
inserts at several locations to enable 


TABLE III.—RESISTANCE STRAIN 
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cent. Outsert values are predominantly 
lower than the insert values. Most 
significant differences occur with 2-in. 
gages. The range of ratios of outsert to 
insert measurements is — 28 per cent to 
+18 per cent. It is believed that these 


GAGE AND CANTILEVER DATA. 


(Note.—Strains are in microinches per inch.) 


Applied Stress 
Gage Number | | Sage Span From Top of 
1000 psi 2000 psi 3000 psi 4000 psi 

0.12 to 0.62 79 Te 527 20 123 
1.00 to 1.50 330 680 965 1204 
-_ Ee A 1.84 to 2.34 314 642 925 1181 
RE Rea: lg 2.72 to 3.22 266 564 845 1132 
3.56 to 4.06 180 436 686 945 
16 5.78 to 6.28 220 484 745 999 
SERA ee oe lo 7.59 to 8.09 177 424 666 914 
lo 9.88 to 10.38 220 452 689 926 
lo 11.66 to 12.16 330 652 943 1228 
eee lo 14.00 to 14.50 301 560 829 1090 
lo 14.88 to 15.38 200 424 645 901 
15.72 to 16.22 175 396 617 854 
_ eae lo 16.56 to 17.06 160 384 632 900 
| SEES lg 17.41 to 17.91 95 210 375 633 
13/6 0.25 to 1.06 70 250 449 655 
ASS 1 1.94 to 2.94 288 608 890 1130 © 
ere 1 3.75 to 4.75 310 624 897 1179 
eee 1 5.56 to 6.56 279 565 832 1094 
ae 1 7.34 to 8.34 223 468 695 923 
Serre 1 9.56 to 10.56 195 410 625 846 
1 11.34 to 12.34 382 744 1072 1380 
ee 1 13.25 to 14.25 318 636 930 1205 
ae 1 15.06 to 16.06 190 400 614 823 
13/6 16.94 to 17.75 100 275 524 812 
a 6 0.59 to 6.59 275 872 1140 
Eee 6 11.47 to 17.47 252 525 802 1076 
Ae 6 5.97 to 11.97 295 587 850 1113 
0.06 to 0.18 3T 35 T 68 T 105 T 
1g 0.18 to 0.30 167 45T 827 
ee 1g 0.25 to 0.37 115 T 213 T 243 T 230 T 
eee lg 17.78 to 17.90 8 101 246 
17.84 to 17.96 5T 22 68 123 

Cantilever Reeds 0.00 to 18.00 411 714 965 1194 


Tensile strains designated by ‘‘T.”” 


direct comparisons between mechanical 
gage measurements over the same seg- 
ments. Results are presented in Table 
Il. 

Comparisons of insert and outsert 
values for the topmost 5 in. and middle 
10-in. measurements reveal insignificant 
differences, with a maximum of 7 per 


differences between outsert and insert 
mechanical measurements reflect the 
non-uniformity of strain distribution in 
the specimen. The metal screw serving as 
an insert (embedded ¥% in.) is subjected 
to different strains along its length which, 
when combined with bulging of the con- 
crete, results in some as yet undisclosed 
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manifestation upon the free end of the 
screw. As stated previously, when each 
insert is common to two mechanical 
measurements, this effect is cancelled if 
the average of the two readings is 
utilized. 


Strain Distribution by Resistance Gages: 


The averages of at least three tests 
each at stresses of 1000, 2000, 3000, and 
4000 psi are indicated for the resistance 
gages ‘n Table III and in Fig. 3. 

Strains as measured with 3-in. resist- 
ance gages are presented in Fig. 3(a). 
Tensile strains are observed in gage 1 at 


TABLE IV.—COMPARISONS BETWEEN 
GAGES OVER THE CENTRAL 6 IN. OF 
GAGE 27. 


(Strains are in microinches per inch.) 


Segment Covered by Ratio of 6-in. 
Gage 27 Gage to 
Applied 
Stress, psi 
Yin. | 1-in. 6-in. | Yin. | 1-in. 
Gages Gages | Gages | Gages 
ee 204 250 295 | 1.45 | 1.18 
eee 443 512 §87 | 1.32 | 1.15 
3000..... 678 759 850 | 1.25 | 1.12 
4000..... 913 | 1004 | 1113 | 1.22 1.11 


the top. Reasons for the presence of ten- 
sile strains are discussed later in the 
paper. Strain distribution as determined 
by -in., }-in., 1-in., and 6-in. resistance 
gages is illustrated in Fig. 3(6). Tensile 
strains are indicated in gages 28, 29, 30 
and 32 (§-in.) near the top and bottom 
surfaces. It is seen that except for gages 
15 and 24 (3% in.), near the top and bot- 
tom surfaces, the 6-in. gage measure- 
ments appear to be approximate averages 
of the measurements with the 1-in. gages. 
Strains in gages 15 and 24 reflect the 
tendency toward tensile strains near the 
top and bottom surfaces. As expected, 
non-uniformity in strain distribution is 
virtually undetected in measurements 
made with 6-in. gages. Comparisons be- 
tween }-in. and 6-in. gages and between 
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1-in. and 6-in. gages over the central 6 
in. of the specimen (gage 27) are sum- 
marized in Table IV. Strains are in mi- 
croinches per inch. Values for the 3-in. 
and 1-in. gages are averages for the gages 
spanning the same segment of concrete 
as gage 27 (6 in.). 

The use of several lengths of resistance 
strain gages in these tests has enabled a 
unique determination of strain distribu- 
tion in the specimen from end-to-end. 
Each resistance gage reading was con- 
verted to total deformation in micro- 
inches by multiplying the strain by the 
gage length. The total deformation in 
each gage was then weighted against the 
corresponding value in another gage 
which covered at least partially the same 
segment of concrete. Since the longer 
gages overlapped many of the shorter 
gages, it was possible to determine the 
total deformation in segments of the 
concrete as short as 0.10 in. An exam- 
ple of the computation sheet is pre- 
sented in Fig. 4(a), in which gage 16 (1 
in.) overlaps gages 3 and 4 (3 in.). To 
develop the layout presented in Fig. 4(a), 
which indicates values for 2000 psi, the 
total deformation in each of the gages is 
divided by the number of 0.10-in. seg- 
ments its length covers—5 for gages 3 
and 4 and 10 for gage 16; thus the av- 
erages for 0.10-in. segments for gages 3, 
4, and 16 were 64, 56, and 61, respec- 
tively. These averages for 0.10 in. reveal 
quite readily that in order to maintain a 
total deformation of 608 microinches for 
the 1-in. length, the deformations in the 
upper portion of the 1-in. gage length 
must be greater than those in the lower 
portion, and, by mathematical reason- 
ing, that the middle segment values are 
smaller than either of the upper or lower 
portions. 

Figure 4(6) illustrates the method used 
to estimate the strain distribution in seg- 
ments not covered by 3 in. or 1-in. gages 
but overlapped by 6-in. gages. The boxes 
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shown by dashed lines at the right of 
Fig. 4(b) indicate the segments of con- 
crete along which it was necessary to es- 
timate the strain distribution. Lengths of 
the estimated segments nearest the top 
and bottom were rather short (0.343 in.), 
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presented in Figure 4(6) reveal that de- 
termination of the end-to-end strain dis- 
tribution necessitates an additional esti- 
mation—the amount cf deformation in 
the top and bottom 0.10-in. segments 
0.00 to 0.10 and 17.90 to 18.00 not cov- 


thus simplifying the estimation. Al- 
though the dashed boxes nearer the 
center of the specimen extend over longer 
distances, the fluctuations of strain are 
not nearly so great in these central por- 
tions as in portions closer to the extremi- 
ties. 

Examination of the top and bottom 
extremities of the layout of the specimen 


(a) Representative portion of specimen. 
(6) Complete specimen. 


Fic. 4.—Chart for Estimating End-to-End Strain Distribution. 


ered by gages. This estimation can be 
made by using the cantilever reed meas- 
urements (end-to-end). Computation of 
the deformation in these extremities is 
presented in Table V. It should be 
stressed, as shown in Table V, that item 
7 represents the total deformation be- 
tween bearing plates, since the cantilevers 
are anchored to these plates. Item 8 indi- 
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strain distribution is observed from. end- 
to-end, most likely reflecting variations 
in stress-strain response within the het- 
erogeneous concrete mass. Strains in the 
top and bottom 0.10-in. portions, not 
shown in Fig. 5(a), are discussed later in 
the paper. The necessity of making 
strain measurements over relatively long 
gage lengths is vividly portrayed in Fig. 
5(a). 


TABLE V.—STRAIN COMPUTATIONS FOR 0.10-IN. EXTREMITIES OF SPECIMEN. 
(Nore.—Strains are total deformation in microinches; tensile strains designated by ‘‘7’.’’) 


cates the total deformation to be divided 


between the top and bottom 0.10-in. seg- 
ments. In order to distribute this defor- 
mation most reasonably between 0.00 to 
0.10 and 17.90 to 18.00, the ratio of the 
topmost and bottommost 2-in. outsert 
values (mechanical measurements) were 
utilized. The outsert values were chosen 
instead of the insert values because the 
outsert disks were not influenced by 


Applied Stress 
Item Designation of Segments Used in Computa- 
tions, in. from top of specimen 
1000 psi 2000 psi 3000 psi 4000 psi 
0.10 to 0.59 
(By gages and estimation)........... 39 T 31T 0 48 
0.59 to 6.59 (gage 25).............. 1 650 3 480 5 232 6 840 
6.59 to 11.47 (Part of gage 27)...... 1 428 2 829 4 082 5 335 
11.47 to 17.47 (gage 26)............. 1 512 3 150 4 812 6 456 
17.47 to 17.90 
(By gages and estimation).......... 43 85 155 258 
0.10 to 17.90 
(Items 1 + 2+3+4+ 5). 4 594 9 513 14 281 18 937 
0.00 to 18.00 (By cantilever reeds) . 7 398 12 852 17 370 21 492 
0.00 to 0.10 and 17.90 to 18.00 
(Item 7 minus Item 6).... ........ 2 804 3 339 3 089 2 555 
Topmost 2 in. (Mechanical strain gage 
: outsert measurement)............. 796 1 372 1 770 2 084 
eee: Bottommost 2 in. (Mechanical strain 
7 gage outsert measurement).......... 350 725 1 110 1 414 
Aer Ratio: Item 9 to Item 10............. 2.27 1.90 1.59 1.47 
AR cote Strain 0.00 to 0.10 (By weighting Item - 
; 8 as indicated by Item 11).......... 1 949 2 188 1 900 1 522 
Saree Strain 17.90 to 18.00 (Item 8 minus 
855 1 151 1 189 1 033 


differential strains acting inside the con- 
crete and thus reflected only surface 
- strains, as did the resistance gage meas- 
urements used in the above computa- 
tions. 

Figure 5(a) presents end-to-end strain 
distribution in 0.10-in. segments as de- 
termined by resistance gage measure- 
: ments together with the strains obtained 
_ by the above computations. To separate 
strains for the various stresses, it was 
necessary to halve the scale used for 
other figures, thus tending to exaggerate 
the fluctuations. Extremely irregular 


Strains in microinches per inch for the 
topmost and bottommost portions of the 
specimen are presented in Table VI. In 
Table VI, the strains indicated as being 
present in the segments 0.0 to 0.10 and 
17.90 to 18.00 are questionable unless it 
is recognized that the end-to-end defor- 
mations from which these strains were 
computed were measured between bear- 
ing plates. Actually, much of the strain 
in these 0.10-in. extremities occurred in 
the center portion of the contact area be- 
tween the bearing plates and the con- 
crete because of the convexity of the con- 
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(Strains in microinches per inch.) 


TABLE VI.—STRAINS FOR TOP AND BOTTOM PORTIONS OF THE SPECIMEN. 


Applied Stress 
gm Referred to Top of 
pecimen, in. 
1000 psi 2000 psi 3000 psi 4000 psi 
19 490 21 880 19 000 15 220 
10 T¢ 30 T 60 T 
20 T 50 T 70T 90 T 
170 T 260 T 220 T 180 T 
120 T 50 T 120 340 
140 300 530 870 
110 240 400 650 
100 200 330 550 
8 550 11 510 11 890 10 330 
*T = Tensile strains. 
a = Concrete Strain, microinches per in. 
400 800 1200 1600 2000 2400 
i i i i iL 1 
A 
of 
\ \ \ 
we 
\ 
a / / 4 Resistance Mechanical 
StF 7 Gages “Gages 
— I ©1000 psi @ 1000 psi 
42000 psi & 2000 psi 
§ iokc \ \ \ © 3000 psi @ 3000 psi 
% 4000 psi ¥ 4000 psi 
2 
| \ 
WA 
\ 


| 

a 
| 

TT SSSA 
M 
— Fic. 6.—Strain Distribution by Mechanical and Resistance Gages. 
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Va 


crete top and bottom surfaces. The end 
conditions of the concrete are clarified in 
a subsequent section of the paper. 
Figure 5(6) indicates strain distribu- 
tion as determined by average strains for 
each 1-in. segment of the specimen. Com- 
parison of Figs. 5(a) and 5() discloses 
considerable smoothing out of the fluc- 
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TABLE VII.—RESISTANCE AND MECHANICAL GAGE MEASUREMENTS OF 
DESIGNATED SEGMENTS. 
(Note.—Data presented are in microinches per inch.) 


ences between the measurements lie in _ 
the distribution of the strains from end- 
to-end. These differences are emphasized 
in Fig. 6 and in Table VII which compare 
strains in designated segments. Consid- 
erable variations are observed between 
some of the mechanical and resistance 
measurements; as noted in previous tests, 


; 1000 psi 2000 psi 3000 psi 4000 psi 
Segment Designation 8 | 8s 8 
AB (topmost 2 in.)................ 1988/1085|0 . 54/2351) 1527|0.65/2201| 1895/0. 86|1971/2370)1 . 
296) 380)1.28) 630) 730)1.16) 
318} 275/0.86| 636) 530/0.83) 954) 755)0.79)1229) 955)0. 
EF (upper middle 2 in.)............ 302| 350/1.16| 615) 720|1.17| 
.-| 258) 230/0.89) 530) 485)/0.92) 755| 745|0.99) 966) 995)1. 
GH (lower middle 2 in.)............ 334) 340/1.02) 618) 610/0.99) 932) 840/0.90/1256/1066\0. 
265) 210/0.79) 521) 764) 820/1.07/1069/1048/0.¢ 
as 190) 455)2.39) 422) 810)1.92) 648/1110)1.71) 884)1370)1. 
LM (bottommost 2 in.)............ 934) 486/0.52)1361| 
283) 335/1.18) 591) 682)1.15) 889) 972/1.09)1160)1214)1. 
315) 280/0.89) 610) 568/0.93) 919) 
JM (bottommost 5 in.)............. 394| 340/0.86| 681| 637/0.94| 893/0.98]1128|1102/0.98 


tuations when the strain is computed 
over longer gage lengths. 


Comparisons of Mechanical and Resist- 
ance Gage Measurements: 


As indicated earlier, the average end- 
to-end strain values measured mechani- 
cally (using inserts) agree quite closely 
with the average strain determined by 
the cantilever reeds, the principal differ- 


“ Ratios shown are mechanical measurements to resistance measurements. 

» Mechanical strain in segments CD and JK computed as follows: CD = upper 5 in. minus upper 
middle 2 in. minus upper 2 in.; JK = lower 5 in. minus lower middle 2 in. minus lower 2 in. 

Mechanical end-to-end strain determined by using 2 in. measurements. 


the variations tend to decrease as ~ 
stress increases. Most notable variations 
between mechanical and resistance gage - 
measurements are observed in the shorter. 
gage lengths, indicating that the use of. 
short mechanical strain gages for meas- 
urement of the average concrete strain is 
rather questionable. The magnitude of 
the differences between the two measure- 
ments in the topmost and bottommost ° 


\ 
| 


extremities (A B ard LM) again suggests 
undue influence upon the embedded in- 
serts, namely, inserts at Band at L. 


Tests Utilizing the Photoelastic Coating 
Method: 


Definitions and assumptions (3): 


The following definitions and assump- 

01,02, 03 = the principal stresses act- 

ing on a three-dimensional body; in 

this study, o; = 0 (two dimensional 

gow plane surface). 

= principal strain with the higher 
algebraic value, 

€2 = principal strain with the lower al- 
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Isochromatics: Color fringes revealing 
the quantitative value of the difference 
between the principal strains, ¢,; — €2, 
or maximum shear strains. 
Theoretical Developments: Since only 
surface strains are considered in this 
presentation, ¢; = 0, and Hooke’s 
equations for strains are as follows: 


E 

a2 

E’ 


1 
then: = a2) ( ++), 


’ gebraic value, also, by photoelastic determination: 


E = modulus of elasticity of concrete, €, — €2 = isochromatic color value in 
and microinches per inch. At any free bound- 
i u = Poisson’s ratio of concrete. ary, the stress normal to the free bound- 


Isoclinics: Lines connecting points ary is zero, and the direction and 
through which the inclinations of the quantity of e: can be determined, parallel 
{ principal strains are constant to any free boundary. At the free bound- 


3 { 

es 
| Fic. 7.—Test Installation for Photoelastic Coating Tests. 
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Isochromatic color patterns observed 
in the birefringent plastic through the 
reflection polariscope indicate differences 
between the principal strains (€, — €:), 
that is, maximum shear strains. Magni- 
tude of the principal strain difference at 
any point is determined by differentia- 
tion among various colors and by the 
location of the point with respect to a 
fringe between red and blue or red and 
green (called a “tint of passage’’). For 
the type and thickness of birefringent 
plastic used on the concrete, the first or- 
der fringe (tint of passage) represents a 
principal strain difference of 945 micro- 
inches per inch. 

Quantitative determinations of the 
value of €; and €2 are accomplished with 
the oblique incidence attachment to the 
reflection polariscope by making certain 
adjustments and settings; isoclinics— 
lines connecting points where the direc- 
tions of principal strains are constant— 
can also be viewed through the reflection 
polariscope. A view of the reflection 
polariscope with oblique incidence at- 
tachment in place is presented in Fig. 7. 

To provide a flat concrete surface upon 
which to install the plastic sheet, a 6 by 
18-in. cylinder, companien to the one 
used in the tests reported above, was 
sliced in half longitudinally. The speci- 
men with plastic sheet attached is shown 
in Fig. 7. As before, the specimen was 
loaded through steel plates on each end, 
and a spherically-seated loading head 
was used in the testing machine with the 
hand-finished end at the top. 

Historically, measurements of con- 
crete compressive strains for determina- 
tion of mechanical properties have been 
made on the outer surface of the con- 
crete. In actuality, the outer surface is 
not representative of the concrete per se 
but is a layer of mortar the thickness of 
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which depends upon casting procedures 
and techniques. For practical purposes 
the strains obtained in this manner are 
generally accepted as representative of 
the strain response of the concrete mass. 
Longitudinal slicing of the specimen used 
in this study provided an interface with 
a new plane on which strain distribution 
could be determined. On the new plane 
the geographical orientation of aggregate 
and mortar is revealed as it actually ex- 
isted upon being hardened into concrete. 
It is admitted that in the interior of an 
actual specimen the third dimension 
plays an important part, but it is felt 
that the approach presented herein at 
least opens a new area for thought and 
analysis and perhaps presages a new era 
in concrete research. Hereafter in this 
report the strains referred to as “in- 
terior” are those revealed on the sliced 
plane and should be viewed accordingly. 

Results of loading tests conducted at 
stresses of 2000 psi and 4000 psi are 
presented in Figs. 8(a) and (6), respec- 
tively. Relative differences between prin- 
cipal strains or “maximum shear strain 
contours” were determined by analysis 
of color photographs taken during the 
tests. The contours of maximum shear 
strains were traced directly onto a photo- 
graph of the specimen as it appeared 
prior to attachment of the plastic sheet. 

Examination of the strain contours at 
the top surface of the specimen reveals 
that the major contact area between the 
stee] plate and concrete at 2000 psi (Fig. 
8(a)) appears to be centered roughly be- 
tween 3 in. and 23 in. from the left edge 
with a minor “high point” centered 
about 3 in. to 23 in. from the right edge; 
at 4000 psi (Fig. 8(4)), the corresponding 
contact areas are between } in. and 3} in. 
from the left edge and between 3 in. and 
12 in. from the right edge. It should be 
noted that for both stresses most of the 
strain contours in the top 5 in. appear to 
be inclined toward the major contact 
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(b) Applied stress at 4000 psi. 
from Photoelastic Coating Tests. 


t (a) Applied stress at 2000 psi. 
Fic. 8.—Maximum Shear Strain Contours 


area. The top edges on both sides reveal 
rather low strain levels. Similar strain 
conditions are observed at the bottom 
surface of the specimen, although the 
major steel-to-concrete bearing area ap- 
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Distance from Edges of Specimen, in. 


Fig. 8 is that the strain contours show no © 
partiality between larger and smaller — 
pieces of aggregate. In many instances, 
the contours actually pass through pieces a 
of large aggregate. The presence of many _ 


Distance from Specimen Extremities, in. 


Bottom 


pears to encompass considerably more of 
the concrete surface than it did at the 
top. Strain contours immediately above 
the bottom surface indicate much less 
severe strain concentrations than at the 
top. 

Perhaps the most striking observation 
to be made after close examination of 


Fic. 9.—Inclinations and Magnitudes of Principal Strains at Selected Points. 


1 0 = 
T 1 e 
Point Number «,* 
835T 1495C 
2 521C 
3 2637C 3083C 
4 2839C 
5 3726C 
6 2087T 257T 
7 2785C 465iC 
8 989T 1026C 
9 582T 688C 
10 647T 1I58C 
493T 
12 196C 2I66C 
13 320T S58C 
14 356T 64C 
15 36T 200C 
16 145T 800C 
868C 
18 160T 890C 
19 112T 623C 
20 145T 
2! 96T 534C 
22 109T 600C 
23 6T 36C 
24 4T 22c 
25 225T 1245C 
and are reported in 
microinches per inch; tensile ae 
strains ore designated by T 
and compressive strains by C. =a! 
A 
small areas of strain concentration 


vividly portrays the heterogeneity of con- 
crete. When an attempt is made to estab- 
lish some sort of trend regarding these 
areas, it is found that a trend which may 
apply for one smal! sector of the concrete 
is negated in another sector. Generally 
speaking, the larger areas of strain con- 
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centration in Fig. 8(4) are at the same 
locations as those in Fig. 8(a), the mag- 
nitudes in the former case being greater. 
Largest areas of high strain concentra- 
tion are in the vicinity of the ends. The 
causes of these concentrations are pre- 
sented in the discussion section of this 
paper. The high strain contours in the 
vicinity of the top extend downward be- 
tween 5 and 6 in. before they extend out- 
ward to the full section of the concrete; 
the higher contours diminish at about 3 
in. from the bottom end. 

In Fig. 8, presence of higher strain 
values in the “interior” of the specimens 
than along the outer boundary reveals an 
anomaly of concrete strain distribution 
which may help clarify disagreement be- 
tween end-to-end strains and strains 
measured in the central portions along 
the outer skin. This phenomenon poses 
the question as to whether strain meas- 
ured along the outer peripheral surface in 
the central portion of a concrete speci- 
men actually represents the average 
strain for the entire specimen, as is usu- 
ally assumed. 

Figure 9 reveals the inclinations and 
magnitudes of the principal strains at 
various points selected at random. Quan- 
titative determinations of the principal 
strains were made with the oblique in- 
cidence attachment on all points except 
26, 27, and 28. Values of e; and ¢2 within 
the concrete mass and along the free 
vertical boundaries are summarized in 
the tabulation in Fig. 9 for an applied 
stress of 4000 psi. 

In the vicinity of the top, extensions 
of the lines indicating inclinations of the 
longitudinal principal strains reveal that 
they would pass through the major con- 
tact area between the steel and the con- 
crete. Away from the ends, any devia- 
tions from expected inclinations of 0 and 
90 deg are found in points on pieces of 
aggregate. 

In computing the values for the tabu- 
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lations in Fig. 9, Poisson’s ratio for the 
concrete was assumed at 0.18. The prin- 
cipal strains, and result from and 
act along the lines of action of o; and o2 , 
respectively. For a true uniaxial com- 
pressive load, the transverse stress would 
be zero, but the resistance of the outer 
shell of the concrete to the natural Pois- 
son movement of the inner core induces a 
transverse stress, the magnitude and di- 
rection of which varies considerably from 
point to point. In addition, Poisson ef- 
fects themselves influence both « and 
€2. It was expected that the application 
of compressive stresses would cause, by 
Poisson effect alone, transverse strains 
which would be tensile in direction. 

Except for a few locations, the induced 
principal stresses in the transverse direc- 
tion appear to be fairly low. At points 2, 
3, 5, 6, 7, 11, and 12, however, the effects 
of induced stresses are rather significant. 
Points 5 and 6 are located on pieces of 
aggregate and, ironically, indicate oppo- 
site phenomena, point 5 having cor pres- 
sive principal strains and point 6 ex- 
hibiting tensile principal strains. The 
stratification of the aggregate particle of 
point 6 is readily apparent and probably 
accounts for the anomaly of tensile 
strains in both directions. Whatever the 
true explanations may be for the princi- 
pal strain inclinations at points 5 and 6, 
it is readily apparent that while they are 
localized phenomena within the aggre- 
gate particles themselves, they do cause 
strain concentrations in the adjacent 
areas (Fig. 8). 

Points 7 and 12, each located between 
large pieces of aggregate, reveal the ef- 
fects of induced transverse stresses which 
completely mask the expected Poisson 
effect to the extent that the transverse 
strains are compressive rather than ten- 
sile. This phenomenon in both cases most 
likely results from interaction of the 
large aggregate particles between which 
the two points are situated. 


| 

| 

| 


Points 2, 3, and 11 indicate stress- 
strain manifestations similar to some of 
those mentioned above, but the inclina- 
tions of the principal strains reveal that 
the left and right segments of the top 
portion of the specimen were twisted up- 
ward and inward toward the specimen 
axis. As mentioned previously, all points 
in the upper end indicate the same phe- 
nomena, that is, that the top edges have 
been twisted upward and inward. 


(free boundary) near the top indicate 
tensile strains along the vertical bound- 
ary. It was noted in earlier sections of 
this paper that tensile strains were also 
observed in these areas on the other spec- 
imen with resistance strain gages. As a 
double check, resistance gages (} in.) were 
placed close to points 2 and 3 on this 
specimen, and again tensile strains were 
observed. Strain values for points 13 and 
14 in the tabulation in Fig. 9 are based 
upon the uniform assumption of Pois- 
son’s ratio equal to 0.18; the validity of 
this assumption in the vicinity of the 
ends is problematical. Perhaps it should 
suffice to say that tensile strains along 
the vertical boundary were observed at 
points 13 and 14. 

Strains observed at points 13, 25, 22, 
and 23 reveal drastically changing strain 
conditions in the top 3 in. of the right 
side. The axial strains vary from 320 
microinches per inch of tensile strain 
close to the top to a maximum of 1245 
microinches per inch of compressive 
strain and then decrease to 22 micro- 
inches per inch compressive strain. The 
abrupt increase in compressive strain 
along the free boundary about 1 in. from 
the top verifies the strain distribution ob- 
tained earlier (see Fig. 3). The strain dis- 
tribution is similar but not as pronounced 
along the left boundary near the top. 

The usual approach to stress analysis 
of a structural material is to assume that 
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Points 13 and 14 on the vertical edge ° 
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the material is homogeneous with an ac- 
companying constant average value for 
modulus of elasticity, E. The uncertainty 
of this approach in the analysis of stress- 
strain relationships within a concrete 
mass is apparent from a study of Figs. 8 
and 9. Point-to-point strain variations 
presented in Figs. 8 and 9 would mean, 
if a constant E is assumed, that the 
stresses within the mass vary consider- 
ably. At points 1 and 12 (Fig. 9) for ex- 
ample, which are located away from the 
ends and fairly close together, the stress 
would be 45 per cent higher at point 12 
than at point 1. Inasmuch as concrete 
forms a rather rigid cellular structure, 
this extreme variation in internal stress 
is not likely to exist; it seems more logi- 
cal to state that the strain response is 
different from point to point within the 
concrete mass and that E also varies. 

As indicated in Figs. 8 and 9, values of 
€2 (axial compressive strain) in the vicin- 
ity of the top of the specimen are rather 
high. Presence of high compressive 
strains in the interior of the specimen 
near the top surface verifies the state- 
ment made earlier that most of the strain 
computed as being present in the top and 
bottom 0.10-in. extremities along the 
outer surface, in actuality, lies in the in- 
terior of the concrete beneath the bear- 
ing plate. It should be recalled that the 
end-to-end deformations from which the 
strains in 0.10-in. segments were com- 
puted were obtained with cantilever reeds 
anchored to rigid top and bottom bear- — 
ing plates. 

The disclosure of high strain concen-_ 
trations in the extremities leads <o the 
hypothesis that the irregularity of strain 
distribution throughout the concrete 
manifests the steel-to-concrete bearing 
effects. To investigate this premise 35-in. 
cardboard cushions were placed between 
the steel bearing plates and the concrete 
at both ends, and the specimen was 
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loaded as before.’ Figure 10(a) presents 
maximum shear strain contours (€1 — €2) 
for a stress of 4000 psi with no card- 
board cushion between the steel and 
concrete (compare with Fig. 8(5)); Fig. 
10(6) pictures strain contours for the 
same stress with the cardboard cushions 
in p 
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shear strain visible as black patches near 
the corners of the extremities in Fig. 
10(a) are nonexistent in Fig. 10(6), re- 
vealing that the steel-to-concrete bearing 
conditions have been altered signifi- 
cantly. Except for the top 33 in. and the 
bottom 2 in., the strain contours along 
the verti undarie 1 in the “‘in- 


(a) Stress of 4000 psi without cardboard. 


Differences in strain distribution be- 
tween Figs. 10(a) and (6) are limited 
largely to the extremities. Strain is much 
more uniformly distributed along the 
contact surfaces with the cardboard 
cushions (Fig. 10(6)). The areas of low 


5 W. M. Murray and A. J. Durelli, Discus- 
sions of “The Effect of Capping Methods and 
End Conditions before Capping upon the Com- 
pressive Strength of Concrete Test Cylinders,” 
by G. E. Troxell, Proceedings, Am. Soc. Testing 
Mats., Vol. 41, pp. 1047-1052 (1941). 


(b) Stress of 4000 psi with cardboard. 
Fic. 10.—Effects Upon Strain Distribution of Loading Through Cardboard. 


terior” of the concrete are virtually 
identical in Fig. 10(@) and 10(6). Within 
reasonable limitations, the condition of 
the ends of the concrete, with respect to 
a steel bearing plate, appears to influence 
very little the strain distribution over 
most of the specimen. 


GENERAL Discussion OF TEST RESULTS 
Presence of tensile strains in the speci- 
men extremities reveal interesting possi- 
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bilities regarding the end conditions of 
the cylinders. Simplified steel-to-concrete 
bearing relationships are presented in 


>) Steel Plate 
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11(5); the concrete width would increase | 
(W + AW) and its length would decrease 
(L — AL), and the steel would behave 


AL 
| Steel Plate A'| Steel Plate | a’ 
*Specimen L . Concrete 
Typical Strain, . 
Contours 
c 


Fic. 11.—Friction Effects When Contact Surfaces Are Flat. 


(a) No applied load and flat contact surfaces. 
(b) Loaded flat contact surfaces and no friction between surfaces (ideal). 
(c) Loaded flat contact surfaces with friction between surfaces (actual). 


| | 


Stee! Plate 


Steel Piote 


Concrete 
Specimen 


(a) 


Fic. 12.—Combined Effects of Friction and Convexity of the Concrete. 


” (a) Seating load applied with steel surface flat and contact surface convex. 
(b) Full load applied. Average strain for stress applied = 1.0. 


Fig. 11. With compressive loading and 
with no friction between steel and con- 
crete, the steel and concrete would each 
deform axially and transversely inde- 
pendent of the other as indicated in Fig. 


similarly. Because of the difference be- 
tween Poisson’s ratios of the steel and 
concrete, 0.3 and 0.18, respectively, the © 
transverse strain in the concrete would ; 


be about five times greater than that of 
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the steel. Under actual conditions, pre- 
sented in Fig. 11(c), these differences in 
transverse strains result in friction, F, 
at the contact surface of steel and con- 
crete and induce a lateral compressive 
force. Even with flat contact surfaces 
- between steel and concrete this lateral 
- compression could cause tensile strains, 
T, , in the outer skin close to the contact 
area. Point A! is actually “pulled” in- 
ward from its original position. 
Results in this study revealing tensile 
_ strains down as far as 0.5 in. from the top 
_ of the specimen seem to indicate that the 
ends of the specimens were not flat. Fig- 
ure 12 presents, in exaggerated form, a 
steel-to-concrete bearing relationship in 
_ which the steel surface is flat and the con- 
crete surface is convex. In this situation 
the lateral compressive force, F, would 
be magnified because the contact stress is 
greater than the “applied” stress since 
the steel plate is not in contact with the 
full concrete cross-section. The bearing 
contact area between steel and concrete 
increases as the stress increases until, at 
some stress, the concrete surface is in full 
: contact with the steel surface. Figure 12 
 (b) pictures the condition for an interme- 
_ diate stress. The convexity of the con- 
4 crete magnifies the friction effects and 
causes extremely high strains in the 
center of the top surface. If the ends of 
q the concrete were truly convex, the com- 
3 


pressive strain concentrations in the vi- 
cinity of the contact areas should de- 
crease as the applied stress increases, be- 
cause the steel plate bears upon more 
concrete as the concrete deforms, thus 
I decreasing the contact pressure. Exam- 
ination of the resistance gage data pre- 
sented in Table VII clearly indicates this 
phenomenon, particularly in segment 
AB. In segment ZM the compressive 
strain did not actually decrease with in- 
creasing stress, but the decrease in rate 
of strain with stress is quite evident. It 
should be emphasized, however, that the 
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most spectacular differences between 
mechanical and resistance measurements 
occur in the top and bottom 1-in. seg- 
ments. Clarification of the reason for this 
phenomenon is suggested in Fig. 8 in 
which the relative strain distribution in 
the vicinity of the insert (1 in. from top) 
is vastly different from that nearer the 
top due primarily to the convexity of the 
top surface of the concrete. Referring to 
Table VII, for segment AB the relation- 
ship between resistance and mechanical 
values reverses itself as the stress in- 
creases; that is, as the steel plate bears 
upon more and more of the concrete sur- 
face, the tendency for strains to concen- 
trate in any one area near the top is di- 
minished. The fact that at 4000 psi the 
mechanical value is 20 per cent greater 
than the resistance value suggests undue 
influence upon the embedded inserts. 

Final evidence of convexity of the ends 
of the concrete specimens used in this 
study is revealed in the photoelastic coat- 
ing tests (Figs. 8 and 9). The strain con- 
tours near the top are inclined toward a 
steel-to-concrete bearing area centered 
roughly between 3 in. and 23 in. from the 
left edge of the top for 2000 psi and be- 
tween } in. and 4 in. for 4000 psi. The 
greater contact area at 4000 psi, coupled 
with tensile strains along the vertical 
boundaries near the top, indicates con- 
vexity of the concrete top and bottom 
surfaces. The convexity, of course, is not 
symmetrical about the longitudinal axis 
of the specimen nor is it perfectly regular 
in curvature. 

Convexity of the ends occurred be- 
cause the early shrinkage rate was ex- 
tremely high in the low humidity at- 
mosphere (20 per cent RH) in which the 
concrete was stored;? the portion of the 
concrete first affected is the outer skin. 
The differential shrinkage strains be- 
tween inner core and outer skin tend to 
“draw down” the outer skin at the top 
and bottom, resulting in convexity of 


both ends. The degree of convexity of 
any given specimen depends upon its mix 
design, its curing history, the length of 
time exposed to a drying environment, 
and the relative humidity of the drying 
atmosphere. In other words, the con- 
vexity is a direct function of the shrink- 
age rate. The ultimate shrinkage in the 
finished end of the specimen is higher 
than in the other portions of the speci- 
men due to the introduction of water 
drawn from below during the finishing 
process. This implies that the finished 
end has a higher degree of convexity than 
the unfinished end, which is believed to 
be true of the specimens used in this 
study as revealed by the lower tensile 
strains in the unfinished end and by the 
tests utilizing the photoelastic coating 
technique. 


SUMMARY 


General belief that strain distribution 
in concrete is non-uniform has been 
vividly and conclusively substantiated in 
this study by the use of resistance strain 
gages in overlapping gage lengths and by 
the use of the photoelastic coating tech- 
nique. Measurements with the shorter 
resistance gages reveal the localized in- 
fluences along the outer skin of the dis- 
persion of pieces of larger aggregate 
within the mortar. 

Use of cardboard cushions between the 
steel and concrete made possible removal 
of the perceptible effects of convexity of 
the concrete surfaces. At the same time, 
frictional resistance between steel and 
concrete may have been reduced some- 
what by the “lubrication effect” of the 
cardboard. Over most of the concrete, 
strain distribution was identical regard- 
less of steel-to-concrete relationships in 
the extremities. 
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CONCLUSIONS 


Because both surface and “interior” 


concrete strains vary greatly, an end-to- 
end measurement provides a practical 
and realistic value for the average strain 
in an entire specimen. 

For central portion measurements, 6- 
in. resistance gages are more accurate 
than mechanical gages because they are 
relatively insensitive to all test variables 
with the exception of bulging of the speci- 
men. 

When mechanical strain gages are 
used, metal disks (outserts) cemented to 
the concrete surface serve as better ref- 
erence points than inserts because they 
are not affected by internal concrete 
strains. 

Extreme strain fluctuations revealed 
in this study preclude the use of gages, 
either mechanical or resistance, having a 
gage length shorter than 5 in. if average 


strain of the specimen is desired. 
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Mr. H. H. Newton.'—Because the 
plane face of the semicircular cylinder 
represents a discontinuity, would you 
not expect effects from edge stresses 
which might cause a stress condition 
different from that existing in the central 
portion of a true cylinder? 

Mr. P. H. PETERSEN.»—Purportedly 
the top ends of the cylinders in this 
study were not capped. It is understood 
that they were wood-floated or steel- 
trowelled. Therefore, the lack of perfect 
contact with the top loading plate would 
likely add to the distortion in the upper 
zg to 1-in. length. It would be interesting 
to know what would have occurred had 
the top surfaces been capped with an 
approved capping compound or finished 
with a cement-rich mortar flattened out 
by use of a plate-glass cover while the 
concrete was still semi-plastic. Concrete 
is seldom loaded to high stresses, espe- 
cially in prestressed work using surfaces 
that are wood-floated or even steel- 
trowelled. 

Aside from the above comments, the 
study is certainly unique. It gives us in- 


, 4 formation on the variation of local 


stresses in concrete because of non- 


1 Virginia Council of Highways, Investiga- 
tion and Research, Charlottesville, Va. 
2 The Master Builders Co., Cleveland, Ohio. 


homogeneity due to the presence of 
gravel, sand, and paste. From a struc- 
tural design standpoint, however, there 
is nothing in this paper which indicates 
that we should eliminate our one hy- 
pothesis that concrete should be con- 
sidered as a homogeneous material. 

Mr. J. R. KEETON (author’s closure by 
letter)—As stressed in the text, maxi- 
mum shear strain measurements made 
on the face of the sliced specimen do not 
reflect true three-dimensional strains. 
The principal value of such a test is the 
observation of the relative effects upon 
strain distribution of the coarse aggre- 
gate, fine aggregate, and mortar. 

It is correct that no capping material 
was used on any of the specimens tested 
in this study The photoelastic coating 
test in which cardboard was placed be- 
tween loading plates and concrete, how- 
ever, revealed that uniformity of load 
application across the ends affected the 
strain distribution only within about 3 
in. of the ends. Inasmuch as this study 
dealt principally with concrete strain 
distribution and with methods of meas- 
uring concrete strains, it should be con- 
sidered as a research effort intended to 
stimulate development of new ap- 
proaches and ideas in the science of 
engineering materials. 


Vie 


resonance frequencies. 


The method of obtaining the elastic 
moduli of solid bodies from their me- 
chanical resonance frequencies, origi- 
nated about 25 years ago (1,2),? “has 
proved to be a very fruitful one. This is 
attested by the numerous investigators 
who have successfully utilized this 
method since its inception. Through the 
intervening years these investigators 
have improved and refined the basic 
method so that today resonance fre- 
quencies can be determined to a high 
degree of accuracy. This refinement in 
experimental techniques has been accom- 
panied by a corresponding refinement in 
the theoretical relations for calculating 
the various elastic moduli from the ap- 
propriate resonance frequencies. 

This paper has a twofold purpose. The 
first is to describe the techniques for ex- 
citing, detecting, and measuring the me- 
chanical resonance frequencies of speci- 
mens. These techniques are dealt with in 
Part I. The second purpose, dealt with in 

* Presented at the Sixty-fourth Annual Meet- 
ing of the Society, June 25-30, 1961. 
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to the list of references appended to this paper. 


MODULI FROM THESE FREQUENCIES* 


By S. SPINNER! AND W. E. Terrt' 


SYNOPSIS 


Techniques for exciting. detecting, and measuring the mechanical resonance 
frequencies of solid specimens are described in Part I. In addition, relations are 
given in Part II for computing the appropriate elastic moduli from these 


Part II, is to describe the methods for 
calculating the various elastic moduli 
from the appropriate resonance frequen- 
cies. The techniques described in Part I 
are applicable to any material that is 
sufficiently elastic? to be vibrated in 
resonance. If the material is also 
homogeneous, isotropic,‘ and of the ap- 
propriate shape, then the computations 
described in Part II are applicable. If the 


3 By the term “elastic” is meant that if the 
body is stressed within the elastic limit, it will 
deform instantaneously and uniformly, in ac- 
cordance with the stress, and once the stress is 
released the body will return instantaneously to 
its original size and shape (without loss of 
energy). It is recognized that probably no 
material conforms ideally to this condition. 
However, many solids conform sufficiently 
closely so that the figures of accuracy given in 
the text are applicable. 

‘The term “‘isotropic’’ as used here means 
that the elastic properties are the same in all 
directions in the material. Under such a condi- 
tion two elastic constants are sufficient to com- 
pletely describe the material elastically. Strain- 
free glass conforms most closely to this condition 
in practice. If the material is completely com- 
posed of polycrystalline grains or, like some 
whitewares, of polycrystalline grains in a glassy 
matrix and the grains are randomly distributed 
and oriented, then the condition of isotropy will 
be fulfilled macroscopically even though the 
individual grains are anisotropic, and the equa- 
tions based on this condition still apply to - 


. bulk material. 
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conditions of isotropy, homogeneity, and 
proper shape are not fulfilled, then the 
various resonance frequencies may still 
be determined even though the equations 
in Part II would not apply. These reso- 
nance frequencies have many useful diag- 
nostic applications (for quality control, 
for instance) even when the elastic mod- 
uli are not calculated from them. 

The method to be described is often re- 
ferred to as “sonic” because the reso- 
nance frequencies involved are usually in 
the sonic range (up to about 20 kc). 
However, it is believed that the term 


“resonance method” is more accurate be- 
cause it is more descriptive of the pri- 
mary characteristic of the method and 
also because it would still be appropriate, 
even if the frequency were extended be- 
yond the sonic range. This latter situa- 
tion has, indeed, already developed and 
will undoubtedly continue as equipment 
and experimental techniques improve. 

It is intended to describe the proposed 
method in such a manner that although 
the sonic range of frequencies is usually 
involved, higher frequencies are not ex- 
cluded. 


Part I: METHODS FOR DETERMINING MECHANICAL RESONANCE FREQUENCIES 
oF Soxtps® 


SPECIMENS 


The equations in Part II are developed 
for specimens in the shape of cylindrical 
rods or rectangular bars. Therefore, if the 
elastic moduli are to be calculated from 
the resonance frequencies, the specimens 
should be of one of these two shapes. 

Size and shape of the specimens usually 
depend on the material being tested. The 
dimensions of the specimens should be 
large enough so that their different fun- 
damental resonance frequencies will be 
within the range of the equipment 
(mainly the transducers) but not so large 
as to be too cumbersome to fabricate or 
handle experimentally. 

For specimens consisting of composite 
materials like concrete, the smallest di- 
mension should be large (by a factor of 
at least 3) compared to the largest pieces 
of aggregate to satisfy the criteria of 
macroscopic homogeneity and isotropy. 

A convenient size for such materials as 
glass, ceramics, or steel has been found to 
be about 6 by 1 by 3 in. for rectangular 
bars, about 6 by 3 by 3 in. for square 
bars, and about 6 in. long and } in. in 
diameter for cylinders, but considerable 


5 Part I was written by S. Spinner. 


latitude in the values of these dimensions 
is permissible. Widely used sizes for lab- 
oratory specimens of concrete are 16 by 
3 by 4 in. and 16 by 3} by 4 in., but 
beams as large as 60 by 5 by 5 in. and 
48 by 6 by 6 in. have been successfully 
resonated. Concrete cylinders, which usu- 
ally have a length-diameter ratio of 2 to 
1, are regularly tested by this method. 
For rectangular specimens the ratio of 
length to either cross-sectional dimen- 
sion should probably not be less than 3 
to 1. - 


EQUIPMENT 


The entire equipment consists of 
standard components which are readily 
available. These components are: 

(a) Audio oscillator—should have con- 
tinuous frequency control from about 60 
cycles to at least 20 kc. The output 
should be reasonably flat. Frequency 
should not vary by more than a fraction 
of a cycle in about } min for any control 
setting. 

(6) Audio amplifier—should have a 
maximum output of at least 20 w. Fre- 
quency range and flatness of response 
should be at least as good as the oscil- 
lator. 


(c) Pickup amplifier—should be able 
to serve aS a pre-scope amplifier and 
match impedance with whatever type of 
pickup transducer is used. (Components 
a, b, and c should have a continuous gain 
control.) 

(d) Cathode ray oscilloscope. 
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cutting head or similar device depending 
on the method used for coupling the en- 
ergy of the driver to the specimen. For 
more massive specimens, especially those 
having high internal damping, such as 
concrete, a heavier duty speaker of fairly 
wide range is needed. The speaker should 


POSITION OF DRIVER AND SPECIMEN 
FOR LONGITUDINAL VIBRATIONS 


RAL LONGITUDINAL 
FUNDAMENTAL 


FREQUENCY 
COUNTER 


VP HP 


(e) Frequency counter—should be able 
to measure frequencies to one part in last 
significant figure indicated on the instru- 
ment (that is, 1 cps on the 1-sec interval 
or 0.1 cps on the 10-sec interval). Beck- 
man models No. 7360 or No. 7380 or 
Hewlett Packard Model No. 5238 or 
equivalent will serve. 

(f) Two transducers, one used as a 
driver and the other as a pickup. The 
driver may be a speaker (one of the 
tweeter type is desirable) or a record- 


Fic. 1.—Diagrammatic Sketch of Setup Used for Dynamic Resonance Measurements. 


OSCILLATOR 
SUPPORTS CRYSTAL PICKUP i? 
ORIVER 
® POSITION OF DRIVER AND SPECIMEN FOR 

i FLEXURAL VIBRATIONS 


be able to handle the full power output 
of the driver amplifier. 

The pickup may be a phonograph 
cartridge of the crystal or magnetic re- 
luctance type. 

The frequency response of both trans- 
ducers is generally the limiting factor of 
the frequency response of the entire 
equipment. 


METHOD OF OPERATION 


As indicated earlier, the purpose of the 
equipment is to excite and detect reso- 


nance in the specimen and measure the 
frequency of this resonance. The method 
by which this is accomplished may be 
understood by referring to the diagram- 
matic sketch in the lower part of Fig. 1. 

The output of the audio oscillator is 
amplified and then fed to the driver, 
whose mechanical energy in turn is trans- 
mitted to the specimen. (Different meth- 
ods of transmitting the energy from the 
driver to the specimen and from the 
specimen to the pickup are described in 
the next section.) At the same time that 
the driver is being energized, the oscilla- 
tor output also goes to the horizontal 
plates of the scope. When the oscillator 
output is not near a resonance frequency 
of the specimen, then all that is seen on 
the scope is a horizontal line (which is 
actually the electron beam moving back 
and forth at the frequency of the oscil- 
lator). 

As the oscillator frequency is scanned, 
however, it eventually reaches one of the 
mechanical resonance frequencies of the 
specimen. The predominant characteris- 
tic of a system (in this case, the 
specimen) in resonance is the large in- 
crease in the amplitude of its vibrations. 
This occurs in the specimen at its me- 
chanical resonance frequencies. This in- 
creased amplitude is detected by the 
pickup, in contact with the specimen, 
also amplified, and then fed to the verti- 
cal plates of the scope. If the same fre- 
quency is received by the horizontal and 
vertical plates of the scope at the same 
time, a Lissajou pattern, as drawn in the 
diagram, results. The oscillator frequency 
setting at which this pattern has its max- 
imum vertical amplitude is one of the 
resonance frequencies of the specimen. 
The purpose of the frequency counter, 
also connected to the oscillator, is to de- 
termine this frequency more accurately 
than is possible by reading the oscillator 
scale itself. The counter also does away 
with the necessity for calibrating the os- 
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cillator. If a frequency counter is not 
available, the equipment may still be 
used but the accuracy of the resonance 
frequency determination will usually be 
reduced by a factor of about 100. ah 

METHODS OF COUPLING tt 

The methods of coupling the energy 
from the driver to the specimen and de- 
tecting the vibrations of the specimen 
with the pickup should be such that al- 
though sufficient energy is transmitted to 
the specimen that its resonance vibra- 
tions can be easily detected, nevertheless 
the degree of coupling should not be such 
that the driver or pickup loads the speci- 
men and affects its natural resonance 
frequency. In practice, this undesirable 
loading is a more serious problem with 
the driver than with the pickup. The evi- 
dence for this undesirable loading is that 
a change in the amplitude of vibrations 
of the driver results not only in a change 
in the amplitude of the specimen vibra- 
tions at resonance but also in an appre- 
ciable change in the frequency of the 
resonance vibrations of the specimen. 
Also a shift in the relative position of 
driver and pickup will usually result in a 
change in the apparent resonance fre- 
quency. 

The following methods for coupling the 
energy from the driver to the specimen 
and detecting these vibrations have been 
found to be quite satisfactory for ma- 
terials having low damping (for example, 
steel, glass, ceramics) since, the loading 
of the specimen being reduced to a mini- 
mum, they conform to the conditions of 
the opening paragraph of this section. 
The evidence for this is that the reso- 
nance frequencies of the specimens ob- 
tained in this way are highly reproduci- 
ble, and also, that changes in the 
amplitude of vibration of the driver cause 
no noticeable change in the measured res- 
onance frequencies of the specimens. 

(a) The specimen rests on foam rubber 


: 
: 
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at nodal points and the vibrations of the 
speaker are transmitted through air to 
the specimen. The resulting vibrations 
of the specimen are detected by the 
pickup which touches very lightly against 
the specimen. This is illustrated in the 
upper portion of Fig. 1. (The different 
types of resonance frequencies, both fun- 
damental and overtones, can be excited 
and detected by appropriate placement 
of the driver and pickup with respect to 
the specimen. These different types of 
vibrations will be discussed in detail 
later.) 


TO 
PICKUP 
> 
TO 
ORIVER 


4 SUSPENSION 
FIBERS 


L 


SPECIMEN 


Fic. 2.—Method of Suspending Specimen for 
Obtaining Torsional as well as Flexural Vibra- 
tions. 


(b) The specimen is suspended from 
two cotton fibers, one fiber being at- 
tached to a record cutting head or similar 
device as the driver and the other fiber 
being attached to a (usually) crystal 
pickup. If the fibers are attached to oppo- 
site sides of the specimen as shown in 
Fig. 2, then not only will the flexural 
resonance frequencies of the specimens be 
obtained but also the torsional. 

(c) This method combines certain fea- 
tures of the first two. The specimen is 
suspended as in the second method, but 
it is driven through air with a tweeter 
and the vibrations detected with a pickup 
as in the first method. eon 
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(d) Another variation consists in hav- 
ing the specimen suspended from two 
fibers, one fiber being attached to the 
pickup but the specimen being driven 
through air by means of the tweeter. The 
resonance vibrations are detected by the 
pickup attached to the fiber. 

Methods (6) and (d) are generally lim- 
ited to lighter specimens. However, for 
lighter and smaller specimens, these two 
methods, especially method (6), will 
sometimes give reliable results when 
method (a) fails. Methods (a) and (c) are 
the most versatile in that the most free- 
dom is allowed in the relative placements 
of driver and pickup with respect to the 
specimen to obtain all possible types of 
vibration. 

Suspension methods are most easily 
adaptable for measurements at elevated 
temperatures. 

(e) For materials such as concrete 
where more energy must be transmitted 
to the specimens to excite resonance, it 
has often been found necessary to use the 
following method: The specimen rests on 
foam rubber at nodal points or entirely 
on a thick foam rubber pad, and the vi- 
brations are transmitted directly through 
a rod cemented to the voice coil of the 
speaker and bearing on the appropriate 
part of the specimen. This method ap- 
plies to massive specimens which will vi- 
brate freely resting on a pad if the latter 
is sufficiently thick and spongy. The 
pressure of the driver against the speci- 
men should be adjustable to get the best 
response. This may be accomplished by 
mounting the speaker on a counterbal- 
anced arm under the table with the rod 
extending through a hole in the table. A 


thumbscrew and spring may be used to — 


depress and raise the mechanism to ad- 
just the pressure. The vibrations are de- 
tected by the pickup which is placed 
against the end of the specimen. 
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AccvRACY 


The over-all damping of the entire sys- 
tem, including the specimen, driver, 
pickup, and coupling mechanism, is gen- 
erally so small that the accuracy of the 
resonance frequency measurements ap- 
proaches the accuracy of the frequency 
counter. This is 1 cycle for the 1-sec gate 
of the counter and 0.1 cycle for the 10-sec 
gate. Generally the 1-sec gate is sufficient 
for higher resonance frequencies (say 
from about 5 kc and above) and the 0.1- 
sec gate may be used for resonance fre- 
quencies below 5 kc. For specimens vi- 
brated by one of the suspension methods, 
it is found that the position of the suspen- 
sion with respect to the nodal points may 
change the resonance frequency by about 
2 cycles in 5000. The best results will be 
obtained when the suspensions are near- 
est the nodal points. (At the nodal points, 
of course, the effective response is zero.) 
In general, the measured resonance fre- 
quencies of bulkier specimens are least 
affected by the method of coupling or the 
position of the supports with respect to 
the nodes. In view of all these considera- 
tions a conservative generic estimate of 
the accuracy of the resonance frequencies 
is about 1 part in 4000. This estimate ap- 
plies where methods of coupling (a) 
through (d) are used. For method (e) the 
accuracy is usually lower than this. 

The fact that the resonance frequencies 
can be determined to this accuracy does 
not necessarily mean that the elastic 
moduli calculated from them (as de- 
scribed in Part II) will be of the same 
order of accuracy. This result can only be 
achieved if the other parameters involved 
in the determination of the elastic con- 
stants, namely, density and dimensions, 
are known to an accuracy comparable 
with the resonance frequencies. In gen- 
eral the limiting factor in the accuracy 
of the calculated values of elastic moduli 
is the uniformity and accuracy of the di- 


mensions. 
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IDENTIFICATION OF DIFFERENT 
TYPES OF VIBRATION 


Specimens of the shapes indicated pre- 
viously may be caused to resonate in dif- 
ferent ways—longitudinally, flexurally 
(or transversely), and torsionally. The 
rectangular bars may vibrate in flexural 
resonance both flatwise and edgewise. In 
addition to the fundamental resonance 
frequencies, higher overtones of these dif- 
ferent types of vibration are theoretically 
possible and may be obtained experi- 
mentally, providing the frequencies are 
not above the range of the equipment. 

Young’s modulus is related to the lon- 
gitudinal and flexural resonance vibra- 
tions and the shear modulus is related to 
the torsional. Since for the cylinders, two, 
and for the rectangular bars, three sepa- 
rate determinations of Young’s modulus 
may be made from fundamental modes, 
a convenient means presents itself for 
checking the internal consistency of the 
data, namely, by noting the agreement in 
Young’s modulus as calculated from the 
different resonance frequencies for a par- 
ticular specimen. Conversely, failure to 
obtain agreement in Young’s modulus 
calculated from these separate resonance 
frequencies would indicate a lack of iso- 
tropy or homogeneity in the specimens. 

When a specimen vibrates in reso- 
nance, the type of vibration and the over- 
tone thereof may be determined unequi- 
vocally by “probing.” That is, the pickup 
is held against different parts of the spe- 
cimen while it is vibrating in resonance 
and the resulting pattern of changes in 
the Lissajou figures seen on the scope 
establishes the type and overtone of the 
particular resonance frequency. This pro- 
cedure can be demonstrated most readily 
by referring once more to method of 
coupling (a) shown in Fig. 1. 

Consider first a specimen vibrating in 
the fundamental flexural resonance fre- 
quency. In this case, the ends of the spec- 
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imen are oscillating in the same direc- 
tion at the same time (in phase), the 
center of the specimen is oscillating in the 
opposite direction at the same time (180 
deg out of phase) and, at the nodal 
points, about one fourth of the length of 
the specimen in from each end, the mo- 
tion is at a minimum. Now, if the pickup 
is held against the side of the specimen as 
its length is traversed in short steps from 
one end to the other, then the pattern of 
phase relations of the Lissajou figures as 
seen on the scope will vary in a manner 
exactly corresponding to the mechanical 
phase relations just described. 

Thus, the pattern of Lissajou figures 
drawn immediately above the different 
portions of the specimen represent 
equally well the electrical phase relations 
that would be seen on the scope if the 
pickup were held against that portion of 
the specimen or the mechanical phase 
relations existing among the same por- 
tions of the specimen. At intermediate 
positions of the specimen between the 
nodes and antinodes, the pattern on the 
scope will also take intermediate posi- 
tions in amplitude and there will be a re- 
versal in phase as the node is crossed. 

This illustrates the general rule for de- 
termining by probing the manner in 
which the specimen is vibrating: namely, 
the electrical phase relationships of the Lis- 
sajou figures seen on the scope as the pickup 
is held against the different parts of the 
specimen are an exact reflection of the me- 
chanical phase relationships existing in 
the specimen while it is in resonance. It is 
not important whether the maxima in 
the Lissajou patterns, occurring when 
the pickup is held against the ends of the 
specimen, are diagonal to the left or right. 
The direction of the diagonal is deter- 
mined by the particular characteristics of 
the scope and the angle of the pickup as 
held against the specimens. In fact, if 
the Lissajou pattern is perfectly vertical, 
it may be made diagonal by slightly de- 
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tuning the oscillator or by changing the 
angle of the pickup against the specimen. 
It is most important, however, that once 
a certain diagonal of the Lissajou pattern 
is established, that the pickup be moved 
parallel to itself as it traverses the speci- 
men so that the changes in Lissajou pat- 
terns will truly reflect the mechanical 
changes occurring in the specimen and 
not be confused by additional changes 
introduced by altering the angle of the 
pickup as held against the specimen. 
Furthermore, if none of the settings of 
the equipment is altered during the 
course of probing, then the vertical am- 
plitude of the responses seen on the scope 
will also be in proportion to the ampli- 
tude of the mechanical vibrations of the 
portion of the specimen against which the 
probe is held. Thus, for flexural vibra- 
tions, the amplitude of the Lissajou fig- 
ures seen on the scope when the pickup 
is held against the center of the specimen 
will be somewhat lower than when the 
pickup is held against the ends of the 
specimen. This is in conformity with the 
actual mechanical vibrations of the same 
portions of the specimens, since it is 
known that the maximum displacement 
from the neutral position of the ends of a 
bar vibrating in flexural resonance is 
greater than that at the center. However, 
the maximum amplitude of these rela- 
tionships is of secondary importance in 
comparison with the phase relationships 
in determining the type and overtones of 
the resonance vibrations of the specimen. 
A specimen vibrating at the first over- 
tone of flexural resonance will have the 
opposite ends moving out of phase, there 
will be three nodal points, and the other 
two maxima will be out of phase with the 
ends as illustrated in the figure. These 
will also correspond to the Lissajou pat- 
terns shown immediately above the spec- 
imen in Fig. 1 when the pickup is held 
against the indicated portion of the spec- 
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A specimen vibrating in fundamental 
longitudinal resonance will have the op- 
posite ends out of phase mechanically 
(moving in opposite directions at the 
same time) and a nodal point at the cen- 
ter. Here also, the Lissajou patterns 
shown above the specimen will corre- 
spond exactly to the mechanical phase 
relationships existing in the specimen. 

The most favorable position of the 
driver and pickup with respect to the 
specimen for obtaining torsional vibra- 
tions is also shown, although the manner 
in which the specimen actually vibrates 
is not illustrated (being somewhat sim- 
pler to describe than to draw). 

In the fundamental of torsional reso- 
nance the opposite ends twist in opposite 
directions at the same time (that is, while 
one end twists clockwise the other end 
twists counterclockwise, and vice versa) 
and there is a node at the center of the 
specimen. 

Therefore, if only the side of the speci- 
men were traversed by the pickup, the 
sequence in the pattern of Lissajou phase 
changes could not easily be distinguished 
from that occurring when the specimen 
resonates in the fundamental, longitudi- 
nal frequency. The torsional may be 
distinguished from the longitudinal mode 
of vibration, however, if it is recalled that 
in torsion the opposite cross-sectional 
faces twist, whereas for the longitudinal 
mode these opposite faces move toward 
and away from the center without twist- 
ing. Therefore, if the end of the specimen 
is traversed by the pickup there will be a 
phase reversal from one corner to the 
diagonal one of this (sectional) face when 
the specimen is in torsional resonance, 
while no phase change will occur in the 
corresponding traversal of the pickup 
when the specimen resonates longitudi- 
nally. 

Similarly the first overtone of torsional 
resonance cannot easily be distinguished 
from the fundamental of flexure as long 
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as only the long side of the specimen is 
traversed by the pickup, as the mechan- 
ical (and consequently electrical) pattern 
of phase changes will be alike. However, 
the two can be distinguished by traversal 
of the opposite cross-sectional faces as 
here, too, the torsional mode will show an 
electrical phase reversal corresponding to 
the mechanical one and the flexural will 
show no such phase reversal. 

The first overtone of the longitudinal 
mode can be distinguished from the fun- 
damental of flexure by noting the direc- 
tions in which the vibrating parts of the 
specimen are moving. This can easily 
be ascertained by observing the position 
in which the pickup must be held in rela- 
tion to the specimen in order to obtain a 
maximum indication on the scope. Most 
phonograph pickups are presently de- 
signed to give a maximum response when 
the vibratory movement (causing the re- 
sponse) is at right angles to the vertical 
plane through the long axis of the car- 
tridge. Thus, in Fig. 1 the pickup is 
shown in the best position to give a maxi- 
mum response for the particular mode of 
vibration indicated. For the longitudinal 
modes, the long axis of the cartridge is 
seen to be held at right angles to the long 
axis of the specimen, while for the flex- 
ural mode the long axis of the cartridge 
is in the same plane as the long axis of the 
specimen. In addition, the first overtone 
of the longitudinal mode occurs at a 
much higher frequency than the funda- 
mental flexural one. 

In general, if one keeps in mind the 
manner in which the specimen is vibrat- 
ing as a whole, then the corresponding 
electrical pattern seen on the scope will 
reveal some distinguishing characteristic 
by which the different types of vibration 
can be uniquely identified. Once the type 
of vibration has been established by 
probing and the nominal value of the 
resonance frequency of that particular 
type determined, then the resonance fre- 
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quency of many specimens of the same 
type and dimensions vibrating in the 
same mode may be determined more rap- 
idly without going through the probing 
procedure in each case. 

Also, if this concept of the correspond- 
ence of the electrical and mechanical 
phase relationships is kept in mind, then 
it can be applied, although in a more lim- 
ited way, when resonance is obtained by 
a suspension method such as method of 
coupling (5). For instance, a torsional can 
be distinguished from a flexural mode by 
noting whether the response on the scope 
continues or dies out as the points of sus- 
pension are moved from the sides toward 
the center, that is, toward the long axis 
of the specimen. Thus, the response of a 
specimen suspended as shown in Fig. 2 
will continue for the flexural mode but 
will be noticeably reduced for a torsional 


Part II: EQuaTIONs FOR CoMPUTING ELASTIC MODULI FROM MECHANICAL 
RESONANCE FREQUENCIES® 


For cylinders, highly accurate theoreti- 
cal equations have been worked out for 
each of the three basic types of resonance 
vibrations; these are longitudinal, flex- 
ural (or transverse), and torsional reso- 
nance. For prismatic bars, however, the 
existing theories are only approximate. 
If a high degree of accuracy is desired, it 
is therefore necessary to use cylindrical 
specimens. If, on the other hand, errors 
of the order of 1 per cent can be tolerated, 
the experimental difficulties will be re- 
duced by the use of prismatic bars. 

If Poisson’s ratio is unknown, Young’s 
modulus may be approximately deter- 
mined from the density, dimensions, and 
resonance frequency of longitudinal or 
flexural vibrations. For either of these 
types of vibration, however, the equa- 
tions for computing Young’s modulus 
contain correction factors which vary 
somewhat with the value of Poisson’s 


® Part II was written by W. E. Tefft. 


mode if this procedure is followed. Simi- 
larly, nodal points can be located by 
moving the points of suspension along 
the long axis of the specimen. 7 

For illustration, only the rectangular 
bars were used. However, the same prin- 
ciples apply to cylindrical specimens or, 
for that manner, to any other shape res- 
onating in any particular mode. The 
method just described may be regarded 
as a more exact extension of the principle 
of Chladini figures. 
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ratio. It is thus necessary in high preci- 
sion work to know the value of Poisson’s 
ratio. This quantity may be determined 
as follows: 

If the torsional resonance frequency is _ 
measured, the shear modulus may then 7 ; 
be computed from the equations given 
later in the section on torsional reso- 
nance. An approximate value of Young’s 
modulus is then determined from the flex- 
ural or longitudinal resonance frequency 
and the use of the equations of the sec- _ 
tions on flexural resonance or longitudi- 
nal resonance. Then from the well-known 
equation 


where: 
= Poisson’s ratio, ~ 


E = Young’s modulus, and 
G = shear modulus 
an approximate value of y is obtained. If “ 
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this value of yu is then used to redetermine 
the correction factors, a better value of E 
and then uy is obtained. Repetition of this 
procedure converges rapidly to the cor- 
rect values of E and yp. 

In the discussion which follows, the fol- 
lowing notation will be used: 

p = density of the material, 

lL = length of the specimen, 
= diameter of cylindrical specimens, 
a and 6 = cross-sectional dimensions 
of prismatic specimens, with the 
restriction a < }, 
cross-sectional dimension in the 
direction (or plane) of vibration 
(flexure of prisms only), 
= 1, 2,3, --- = order of vibration, 


4 and 


= 


resonance frequency of the mth 
J mode of vibration. If the symbol 
f appears without a subscript, the 
fundamental mode (n = 1) is 
assumed. 
~ Since the numerical factors in all equa- 
tions which follow are dimensionless, any 
consistent system of units may be used. 
Thus, for example, if the cgs system is 
used, densities in grams per cubic centi- 
meter, lengths in centimeters, and fre- 
quencies in cycles per second give the 
moduli in dynes per square centimeter. 
In the English system, one might use the 
units: density in pounds per cubic inch, 
lengths in inches, and frequencies in 
cycles per second. This would give the 


To convert this to 


moduli in 
in. sec 

pounds per square inch divide the result 

by the acceleration of gravity, 386.09 in. 

per sec’, 

It is emphasized that the accuracies to 
be given subsequently in describing the 
equations are those inherent in the equa- 
tions themselves, and not those of the 
experimental results to which these equa- 
tions apply. In fact, the general goal is to 
make the equations more accurate than 
the best reasonably achievable experi- 
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mental data. Therefore, the limitation on 
the accuracy of the experimental results 
will usually be the measured resonance 
frequencies, densities, and especially the 
dimensions of the specimens, as explained 
in Part I in the section on identification 
of different types of vibrations. 


FLEXURAL RESONANCE 
Cylinders: 

The basic equations for computing 

Young’s modulus from the first three 


modes of flexural resonance of cylinders 
(3) are: 


E = 1.261886 Lae 
= i. — fi Ti (2) 
pit 
E = 0.1660703 (3) 
he 
4 
and E = 0.04321184 (4) 


where 7), T2, and 7; are the correction 
factors given in Tables I, II, and III re- 
spectively. These correction factors are 
functions of d/l and yu only. 

The following method of interpolation 
in these tables is strongly recommended. 
Compute the quantity (d//)? for the spec- 
imen being measured, and for the two 
entries in the table having d/l values 
nearest to that of the specimen. Label 
these quantities x, x2 and x; respectively. 
Choose tke two nearest values of » above 
and below the assumed yu of the speci- 
men, labeling them ye and y respectively. 
Compute the correction factors for 4; and 
ue at the d// of the specimen from the 
equations 
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46.338 (1 + 0.14081 + 1.5362) 


The value of T,, for the assumed value of 
» is then given by 


Tale, p) = — Tale 
Mem | 


— wi) + Ta(x, wr)... .(7) 


A first value of E can now be com- 
puted from the appropriate one of Eqs 
2, 3, or 4. If G is known, a more accurate 
value of u can now be obtained, and sub- 
stituted into Eq 7 for a better value of 
T,,, and hence E. This process should be 
repeated until there is no further change 
in the values of E and yp. 

Interpolation by this method gives an 
accuracy in the T,, values of one part in 
10‘ or better over the range of the tables. 
If higher accuracy is needed, Eqs 5, 6, 
and 7 should be replaced by Aitken’s 
interpolation formulae (4). 


Prisms of Rectangular Cross-Section: 


The best existing theory for the flex- 
ural vibration of prisms is that of Pickett 
(5). For the fundamental mode of vibra- 
tion, his equation is equivalent to 

4f2 
E = 0.94642 (8) 


where T is a correction factor given ap- 
proximately (6) by: 


T = 1 + 6.585(1 + 0.0752 » +0.8109 y?) 


- G) 


ite 
8.340 (1 + 0.2023 + 


- Equation 9 is very accurate for long, 
thin specimens, but the error increases 
with increasing ¢//. For very thick speci- 
mens (¢/] 0.4) the error is estimated to 
be about 1 per cent (6). 

_ Because of the approximate nature of 
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Pickett’s theory, the use of overtones is 
not recommended for rectangular speci- 
mens. 


LONGITUDINAL RESONANCE 


Longitudinal resonances of cylindrical 
rods or bars of square cross-section are 
recommended as the most accurate 
method of determining Young’s modu- 
lus. In the case of cylindrical specimens, 
the theory has been thoroughly worked 
out. Although the theoretical treatment 
is not nearly so adequate for square spec- 
imens, an empirical investigation (7) has 
revealed that the existing theory for cyl- 
inders may, with certain assumptions, be 
applied to specimens of square cross-sec- 
tion with a high degree of accuracy. 
Cylindrical Specimens: 

An approximate solution for the ve- 
locity of longitudinal waves in an infi- 
nitely long rod as a function of the diame- 
ter to wavelength ratio d/A was derived 
by Rayleigh (8). A more recent paper by 
Bancroft (9) gives an accurate numerical 
solution of this same problem. These 
theories may be applied to resonance vi- 
brations under the assumption that the 
vibrating rod contains an integral num- 
ber of half wavelengtlis; that is, that 


With this assumption, the equation for 
computing Young’s modulus is: 


where K,, is the correction factor for the 

nth mode of longitudinal vibration. 
Rayleigh’s correction factor, valid for 

the case d/A < 1, may be expressed as: 


If the correction term in Eq 12 is not 
small compared to 1, then Bancroft’s re- 


.. -(10) 
n 
p 

ep 


sults, given in Table IV, must be used. 
In order to use Table IV, compute A from 
Eq 10 and interpolate X,, linearly with 
respect to (d/A)? and yw, as described 
above for the section on flexural reso- 
nance of cylinders. This interpolation 
should be accurate to about 0.03 per cent. 
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more, this relationship has been found to 
hold experimentally to a very high degree 
of accuracy (7). 

Thus, to compute Young’s modulus 
from the longitudinal resonance frequen- 
cies of square specimens, calculate K, 
from Table IV (or Eq 12 if applicable) 


TABLE IV.—THE CORRECTION FACTOR, Kn, FOR LONGITUDINAL RESONANCE 
VIBRATIONS OF CYLINDERS, AS A FUNCTION OF POISSON’S RATIO, un, AND 
THE DIAMETER TO WAVELENGTH RATIO, d/aA, 


d is related to the length of the specimen, 1, by the equation \ = = , where n = 1, 2, «=>. 


Diameter to Poisson’s Ratio, » 

Wavelength 

Ratio, ¢/n 0.10 0.15 0.20 0.25 0.30 0.35 0.40 
1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
ee 0.99988 0.99972 0.99950 0.99922 0.99888 0.99848 0.99802 
0.99950 | 0.99886 | 0.99798 | 0.99686 | 0.99549 | 0.99389 | 0.99206 
aero 0.99882 0.99736 0.99533 0.99277 0.98967 0.98609 0.98202 
ae 0.99780 0.99509 0.99138 0.98670 0.98117 0.97480 0.96772 
0.99632 | 0.99184 | 0.98579 | 0.97830 | 0.96956 | 0.95975 | 0.94903 
Ae 0.99421 0.98728 0.97810 0.96702 0.95435 0.94049 0.92571 
0.99114 | 0.98085 | 0.96759 | 0.95203 | 0.93486 | 0.91660 | 0.89770 
REN 0.98651 | 0.97158 | 0.95310 | 0.93236 | 0.91031 | 0.88770 | 0.86503 
0.97913 0.95778 0.93300 0.90668 0.88003 0.85372 0.82812 
0.96621 0.93646 0.90503 0.87383 0.84372 0.81499 0.78780 


For greater accuracy, Aitken’s interpola- 
tion method should be used. 


Prisms of Square Cross-Section: 


The theory given above for longitudi- 
nal resonance in cylindrical specimens 
may be applied to specimens of square 
cross-section under the assumption that 
a square specimen of width 6 and length / 
behaves exactly like a cylindrical speci- 
men of diameter d and length /, if d and b 
are related by the equation 


This assumption is reasonable since it 
merely requires that the moment of cross- 
sectional area about an axis through the 
center and along the length of the speci- 
men be the same for the square as for the 
equivalent cylindrical specimen. Further- 


using the relations shown in Eqs 10 and 
13, and substitute this value of K, into 
Eq 11. 


Prisms of Rectangular Cross-Section: 


The theory of longitudinal resonance 
vibrations of rectangular specimens has 
not been adequately determined, and 
good empirical relationships are unavail- 
able. However, if the cross-section does 
not depart too greatly from square, then 
the methods given for longitudinal reso- 
nances of prisms of square cross-section 
may be used without introducing appre- 
ciable error if the following equation is 
substituted for Eq 13: 


If the cross-section is not approxi- 
mately square, the errors involved in the 
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use of Eq 14 will increase. In this case, 
the use of longitudinal resonance vibra- 
tions is not recommended since Young’s 
modulus may then be computed more ac- 
curately and easily from flexural reso- 
nance. 


TORSIONAL RESONANCE 


It was mentioned previously that tor- 
sional vibrations are important not only 
because a knowledge of the shear modu- 
lus might be desirable, but also because 
an accurate determination of Young’s 
modulus requires a knowledge of Pois- 
son’s ratio, which is in turn a function of 
E/G. 

The theory of this type of vibration is 
both accurate and simple for cylindrical 
specimens. However, this is also the 
shape for which experimental difficulties 
are formidable. Prismatic specimens, on 
the other hand, are the easiest to deal 
with experimentally, but the equations 
involved are neither as simple nor as ac- 
curate as those for cylinders. One is there- 
fore forced to choose between experimen- 
tal difficulty and accuracy. 

The basic equation for torsional reso- 
nance is: 


where R is a complicated function of the 
shape of the specimen. 


Cylindrical Specimens: 


The shape factor R is exactly 1 for 
cylinders, independent of the value of 
d/l. Equation 15 is therefore exact for 
this shape specimen, with the substitu- 
tion’ of 


7It is clear from Eqs 15, 16, 11, and 1 that 
if the cross-sectional correction K, is neglected 
in Eq 11, then for cylindrical specimens 4» may 
be computed directly from the fundamental 
resonance frequencies from the relation: 


n=} 
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Davies (10) derived approximate equa- 
tions for the torsional resonance of rec- 
tangular bars. Although these equations 
are in qualitative agreement with experi- 
ment in the special case of bars of square 
cross-section, more accurate results (11) 
can be obtained with the empirical Eq 11 


R = Ro [1 + n*(6/1)3(0.01746 + 


. (17) 

0.00148 + 0.00009n?)] 
where R is the shape factor of Eq 15 
and Rp is the shape factor for infinitely 
thin, square specimens: 

Ro 

Equation 17 is believed to be accurate 

to within 0.01 per cent for any combi- 
nation of and which can be reason- 
ably obtained experimentally. 


Prisms of Rectangular Cross-Section: 


An accurate theory is not available for 
the torsional resonance of rectangular 
bars. Experimental considerations, how- 
ever, frequently force one to use this 
shape, so the best approximations avail- 
able will be given. 

Timoshenko (12) solved the equations 
for static torsion of rectangular speci- 
mens. His results are given in the form of 
an infinite series, which may be expressed 
to a high degree of accuracy by the equa- 


tion: 


Equation 19 reduces to the value given 


where fi is the fundamental longitudinal re- 
sonance frequency and f; is the fundamental 
torsional resonance frequency. 


| Prisms of Square Cross-Section: 
| 
} | 
(19) 
R =  .....-. 
| 4 — 2517/1 - \ 
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in Eq 18 for the particular case a = }, 
that is, for a square cross-section. 

For the case a < b, this equation can 
be approximated by an equation similar 
to that given by Pickett (5): 


In an empirical investigation, Spinner 
and Valore (13) found that for b/] ~ 0.21 
and 1 < b/a < 10, the value of R for the 
dynamic case differed somewhat from 
Pickett’s equation. A combination of Da- 
vies’ theoretical results and Spinner’s 
empirical results can probably be best 
expressed by the equation: 


REFERENCES = #4: 


(1) J. M. Ide, “Some Dynamic Methods of 
Determination of Young’s Modulus,” 
Review of Scientific Instruments, Vol. 6, 
No. 10, pp. 296-298 (1935). 

(2) F. Forster, “Ein neues Messverfahren zur 


mination of Modulus of Elasticity and 
Damping), Zeitschrift fiir Metallkunde, 
Vol. 29, No. 4, pp. 109-115 (1937). 

(3) W. E. Tefit, “Numerical Solution of the 
Frequency Equations for the Flexural 


Bestimmung des Elastizitatsmoduls und 
i der Dampfung” (New Method for Deter- 


Vibrations of Cylindrical Rods,” to be 
in Journal of Research, Nat. 
* 


Bureau of Standards, Vol. 64B, No. 4, 
pp. 237-242 (1960). 

(4) A. C. Aitken, Proceedings, Edinburgh 
Mathematical Soc., Series 2, Vol. 3, pp. 
56-76 (1932). 

(5) Gerald Pickett, “Equations for Computing 

Elastic Constants from Flexural and 

Torsional Resonant Frequencies of Vibra- 

tion of Prisms and Cylinders, “Proceedings, 

Am. Soc. Testing Mats., Vol. 45, pp. 

846-865 (1945). 


+ 0.00851 


for the shape factor R of Eq 15. 

Equation 21 should be accurate to 
within about 0.2 per cent for b/l < 0.3 
and b/a < 10, in the fundamental mode 
of vibration. It is difficult to estimate the 
expected errors for higher values of 5/1, 
b/a, or n, since sufficient data to show the 
effects of these three parameters are not 
yet available. It is estimated, however, 
that except for extreme cases, the errors 
should not exceed 1 per cent. 


(6) S. Spinner, T. W. Reichard, and W. E 

Tefft, “A Comparison of Experimental 

and Theoretical Relations Between Young’s 

Modulus and the Flexural and Longitudinal 

Resonance Frequencies of Uniform Bars,” 

Journal of Research, Nat. Bureau of 

Standards, Vol. 64A, No. 2, pp. 147-155 

(1960). 

S. Spinner and W. E. Tefft, Journal of 

Research, Nat. Bureau of Standards. 

Lord Rayleigh, “The Theory of Sound,” 

Vol. 1, p. 252, Dover Publications, New 

York, N. Y. (1945). 

(9) Dennison Bancroft, “The Velocity of 
Longitudinal Waves in Cylindrical Bars,” 
Physical Review, Vol. 59, pp. 588-593 
(1941). 

(10) R. M. Davies, ‘““The Frequency of Longi- 
tudinal and Torsional Vibration of Un- 
loaded and Loaded Bars,” Philosophical 
Magazine, Vol. 25, pp. 364-386 (1938). 

(11) Wayne E. Tefft and Sam Spinner, “Tor- 

"4 sional Resonance Vibrations of Uniform 


(7 


~ 


(8 


~ 


| 
237 
b 2 i 
= 
1.991 
i- 
1) b\2 
5 
ly 
8) 
te 
n- 
or 
ar 
W- 
_| 
ns 
ci- 
of 
ed 
= 


1238 


Bars of Square Cross Section,” Journal of 
_ Research, National Bureau of Standards, 
Vol. 65A, pp. 167-171 (1961). 
(12) S. Timoshenko and J. N. Goodier, “Theory 
of Elasticity,” Second Edition, McGraw- 
Hill Publishing Co., Inc., New York, 
NN. Y., 4, 277. 


SPINNER AND TEFFT 


(13) Sam Spinner and Rudolph C. Valore, Jr. 
“Comparison of Theoretical and Empirical 
Relations Between the Shear Modulus and 
Torsional Resonance Frequencies for 
Bars of Rectangular Cross Section,” 
Journal of Research, Nat. Bureau of 
Standards, Vol. 60, pp. 459-464 (1958). 


DISCUSSION 


Mr. R. E. authors 
indicate a very high degree of accuracy 
in frequency determination. How is the 
oscillator set to give this degree of 
accuracy? Do you merely observe the 
oscilloscope pattern or do you employ 
an auxiliary galvanometer? 

Has any quantitative work been done 
on damping? 

Mr. W. E. Terrt (author)—aAll of 
the materials used in the work referred 
to here have had low damping factors. 
Since we have also taken great care to 
reduce the damping due to the suspen- 
sion, the result has been a very sharp 
response at resonance. Under such condi- 
tions observation of the oscilloscope 
pattern is quite adequate for accurately 

1 Office of Chief of Engineers, Civil Works, 
Corps of Engineers, Washington, D. C. 


determining resonance. In fact, the accu- 
racy of frequency determination has 
usually been limited primarily by the 
addition of stiffness to the system by the 
suspension. 

These two causes of error can easily 
be distinguished in practice, since the 
first gives random variations in meas- 
ured frequency with a fixed suspension 
position, while the second gives different 
values only when the suspension is 
changed. 

In answer to the second question, this 
technique has been used successfully for 
internal friction measurements. Some of 
the precautions to be taken, and limita- 
tions of the method are described in an 
article by J B. Wachtman, Jr. and 
W. E. Tefft, Review of Scientific Instru- 
ments, Vol. 29, p. 517 (1958). 
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lack the necessary precision. 


Sensitivity in soils is defined as the 
ratio of the undisturbed strength to the 
remolded strength at the same water 
content. It is usual to report values of- 
sensitivity along with other geotechnical 
properties of clay. Suggestions have been 
made by Skempton and Northey (1)* and 
Bjerrum (2) to classify clays by their 
sensitivity; Bjerrum shows a general 
relationship between the liquidity index 
WC — PL 

LL — PL 
As yet no critical values of sensitivity 
have appeared, that would distinguish a 
clay subject to flow slides from one that 


and the sensitivity. 


* Presented at the Sixty-fourth Annual Meet- 
ing of the Society, June 25-30, 1961. 

1 Research Officer, Soil Mechanics Section, 
Division of Building Research, National Re- 
search Council, Ottawa, Canada. 

2 Professor of Civil Engineering, Kobe Uni- 
versity, Kobe, Japan. Visiting professor with 
the Division of Building Research, National 
Research Council, Ottawa, Canada, during the 
summer of 1960. 

3 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


SOME OBSERVATIONS ON THE MEASUREMENT OF 5. 
SENSITIVITY OF CLAYS* | 


By W. J. Even! anp J. K. Kupota? 


SYNOPSIS 


Sensitivity is based on actual measurements of the undrained shear strength 
of a clay. It should accordingly be a better criterion to describe soil properties 
than measures such as the liquidity index. No critical values of sensitivity have 
appeared, however, that would distinguish a clay subject to earthflows from 
one that is not. It may be that the present methods of measuring sensitivity 


In this paper, four methods of measuring sensitivity, the field vane, the 
unconfined compression test, the laboratory vane, and the fall-cone test are 
described in some detail. A comparison is made between the results of the four 
methods in the light of observations made on a number of borings in Leda clay. 
The sensitivities ranged from 1 to over 300. It was found that there was con- 
siderable discrepancy between the results obtained by the four methods. 
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is not. As sensitivity is based on actual 
measures of shear strength, logically it 
should be a better criterion to describe 
soil properties than the liquidity index. 
This may not be possible because of the 
wide variations of sensitivity in a single 
clay profile, but the authors suggest that 
another reason may be that methods now 
used to obtain a measure of sensitivity 
lack the necessary precision. 

Terzaghi and Peck (3) suggest that 
sensitivity be defined as the ratio of the 
undisturbed unconfined compression 
strength to the remolded unconfined 
compressive strength at the same water 
content. This method is satisfactory for 
clays of relatively low sensitivities, but 
as the liquidity index of the clay ap- 
proaches 1, it is no longer possible to 
form remolded specimens that have 
enough strength to be self-supporting 
for an unconfined compression test. 
Thus for clays with high sensitivities, 
alternate means of measuring the sen- 
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sitivity had to be sought. In the litera- 
ture, values of sensitivity are reported 
based on (1) field vane tests, (2) labora- 
tory vane tests, and (3) laboratory fall- 
cone tests. 

Andresen and Bjerrum (4) report on 
the measurement of sensitivity with the 
field vane test. Their method was to 
remold the soil by rotating the vane 
rapidly for 25 revolutions, then taking 
the remolded strength without allowing 
the rotation to stop. Their apparatus 
completely eliminates friction between 
the rods connecting the vane to the sur- 
face from the surrounding soil and can be 
rotated quite rapidly. Eden and Hamil- 
ton (5) found that sensitivities measured 
by another field vane were not reliable. 
With the latter apparatus, friction be- 
tween the soil and the rod was a signifi- 
cant factor in remolded strength deter- 
minations, and the vane was only rotated 
four times rather slowly to remold the 
soil, and there was a delay of about 1 
min between the completion of the re- 
molding and the start of the test. Even 
with the better quality equipment, 
Andresen and Bjerrum (4) report that 
the sensitivity values obtained with the 
field vane test are somewhat less than 
measured in the laboratory. 

The laboratory vane test follows the 
same principle as that of the field vane 
test in that a 4-bladed vane is inserted 
into a soil specimen, and the torque 
necessary to rotate the vane is measured 
and related to the undrained strength. 
It has been used on both undisturbed and 
remolded clay samples to measure the 
sensitivity. In practice, it can be used to 
measure sensitivity over a fairly wide 
range, but when the remolded strength 
becomes extremely small, it is difficult to 
measure torque with enough discrimina- 
tion to give reliable sensitivity values. 

In the fall-cone test, a cone of 
known weight and dimensions is brought 
into contact with the surface of the clay. 
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It is released for about a 5-sec interval 
and allowed to penetrate the clay under 
its own weight. The penetration is then 
measured and if desired related to shear 
strength as suggested by Hansbo (6) by 
S, = (kQ)/(H*) where S, is shear 
strength, Q the weight of the cone, H is 
the penetration, and & a cone constant. 
The test can be done on both undisturbed 
and remolded samples. The sensitivity 
is then defined by (H? remolded)/(H? 
undisturbed). The cone is useful over a 
limited range of sensitivity. For the un- 
disturbed test, the penetration should be 
at least 5 mm to be reliable, and if the 
remolded strength is very low, the cone 
buries itself in the soil. 

Hansbo (6) reports that the sensitivity 
as determined by the fall-cone test was 
taken simply as (H remolded)/(H un- 
disturbed) although this was not in full 
accordance with the definition of sen- 
sitivity. 

In the present study, the four de- 
scribed methods of measuring sensitivity 
are compared. In addition, the sensitivity 
as measured by the ratio of one half the 
unconfined compressive strength to the 
remolded laboratory vane strength is 
compared with the first four methods. 


BorinNGs USED FOR COMPARISON 


To compare the results of the four test 
methods, the measured sensitivity from 
four borings in Leda clay in the Ottawa 
area are presented. All four borings are 
located within 20 miles of Ottawa so that 
the general description of the clay given 
by Crawford (7) applies. 

The first boring is located on the east- 
ern outskirts of Ottawa on the Montreal 
Road property of the National Research 
Council. The total depth of the clay at 
this site is about 60 ft with a fissured 
crust extending to a depth of at least 30 
ft. The surface elevation is about 310. 
The clay is extremely sensitive and 
highly stratified at depths below 40 ft. 
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The salt concentration of the pore water 
is less than 1 g per liter at this site. 

The second boring was located about 
two miles east of the first boring on a 
lower terrace of the Leda clay. The sur- 
face elevation is about 180, and the 
depth of clay is about 120 ft. The pore 
water salt concentration at this boring is 
from 5 to 13 g per liter, and the clay is 
much less sensitive than in the first 
boring. 

The third boring is located on the 
same terrace as the second boring, but 
about one mile north near the bank of the 
Ottawa River. The salt concentration is 
less than 2 g per liter and the sensitivity 
much higher than in the second boring. 
The surface elevation is 175 and the clay 
extends to a depth of nearly 100 ft. 

The final boring is located about 20 
miles south of Ottawa near the village of 
Kars. The boring is situated beside the 
Rideau River. The clay extends to 50 ft, 
the top 20 ft being fissured. From 20 to 
40 ft the clay has a very low salt con- 
centration and is extremely sensitive. 

In addition, some detailed tests were 
conducted on two block samples ob- 
tained from deep excavations in the city 
of Ottawa. 

The test methods used to compute 
sensitivity, S;, are numbered 1 to 5 as 
follows: 


No. 1 St = 
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half the unconfined compressive strength 
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APPARATUS 


Field Vane Apparatus—In three of _ 
the four borings, the field vane manufac- 
tured by Geonor, Oslo, Norway, was 
used. This apparatus is described “i 
detail by Andresen and Bjerrum (4) — 
their procedure was followed. The only 
modification was that where the un- | 
disturbed strength exceeded 2000 lb per 
sq ft, a 43 by 86-mm vane was used in 
place of the 55 by 110-mm vane. This 
reduced the discrimination of the torque 
measuring equipment somewhat. 

Laboratory Vane Apparatus —This 
apparatus (Fig. 1) was mounted on a 
Soiltest triaxial frame. The vane itself 
was 1} by ? in. and patterned after that 
of Skempton and Bishop (8). The torque 
was measured by a dynamometer ring 
acting through a lever system. The 
variable speed drive on the Soiltest 
triaxial frame was utilized to provide a 
nearly constant rate of rotation for the 
vane. 

For the undisturbed test, a cylinder of 
soil, 2} in. in diameter by 3 in. long, was 
wrapped tightly in metal foil and sealed 
in wax to restrain the specimen laterally. _ 
The retainer was firmly seated in the 
bottom of the specimen. The top surface 
was cleaned, and the sample was thrust 
upwards so the vane was buried at the 
middle of the specimen. Torque was ap- 


No. 2 


remolded laboratory vane strength 


undisturbed laboratory vane strength 


remolded laboratory vane strength 


(penetration of fall cone on remolded soil)? 


(penetration of fall cone on undisturbed soil)? 


undisturbed field vane strength — 


remolded field vane strength 


penetration of fall-cone on remolded soil . 7 


= penetration of fall-cone on undisturbed soil Pa = 


: =” No.3 S; = - 
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plied so that the vane was turned at 
about 6 deg per min. It has been found 
that the method of wrapping and holding 
the specimens was satisfactory for soft 
clays. For firm and stiff clays, however, 
the insertion of the vane sometimes split 
the specimen; hence the undisturbed 
laboratory vane is generally restricted to 
use in soft clays. In these clays the 
strength thus obtained generally agrees 
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capacity of 50 lb was used. It was soon 
found that this ring did not give suf- 
ficient discrimination for remolded clays 
with a very low shear strength. A 
second special ring with a capacity of 15 
lb was made, which could be inter- 
changed with the 50-lb ring. With this 
ring, it is possible to measure shear 
strengths as low as 0.02 psi. 

Fall-Cone A pparatus——This was pur- 


Fic. 1 


well with one half the unconfined com- 
pression strength. 

After the undisturbed test, the speci- 
men was remolded thoroughly with a 
mechanical mixer. The resulting slurry 
was deposited in a Lucite container 23 
in. indiameter by 3 in. long. The vane was 
thrust into the slurry to determine the 
remolded strength at the same rate of 
strain as the undisturbed determination. 
A period of 1 min elapsed between the 
completion of the remolding process and 
the start of torque application. 


_ At first, a dynamometer ring with a 


— Dynamometer Rin 
y 
Lever and Wire al 
System 
Calibrated Disc to 
Measure Rotation of 
Vane 
Vane - 
Sample Container 7 
Sample Carriage 
R 
Laboratory Vane Apparatus. 


chased from Geonor, Oslo, Norway. It 
consists of an instrument head mounted 
on a vertical arm free to be moved up 
and down the arm by a rack and pinion 
arrangement. The cone is held in position 
by a small electromagnet. It falls freely 
when the current supply to the electro- 
magnet is switched off. The penetration 
of the cone is measured by observing a 
scribed mark on the cone through an 
optical scale. 

Three cones were used with the ap- 
paratus regularly, a 30-deg cone weigh- 
ing 100 g, a 60-deg cone weighing 60 g 
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and a 60-deg cone weighing 10 g. The 
choice of cone depends on the con- 
sistency of the undisturbed sample. A 
penetration of at least 5 mm was de- 
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cone was substituted. The cone readings 
were then compared by Hansbo’s equa- — 


tion: 


S. = (kQ)/(H*).......... 


Legend | 


Observations from Method | 
Best Straight Line for Method | 
(123 Observations) 

Best Straight Line for Method 2 
(67 Observations) 

Best Straight Line for Method 3 
(89 Observations) 

Best Straight Line for Method 47 
(81 Observations) 

Best Straight Line for Method 5 
(89 Observations) 


Sensitivity 


50 


100 


500 


1000 


sirable to obtain a reasonable assessment 
of the strength. It was preferable to use 
the same cone for the remolded strength 
determination, but if penetration in the 
remolded clay was too great, a lighter 


The cone readings were repeated at : 
least three times for each determination 
to rule out effects of the cone encoun- 
tering a sand grain or other obstruc- 
tion. 
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Liquidity index 


Fic. 2.—Relation Between Liquidity Index and Sensitivity by Five Methods. 
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a TREATMENT OF RESULTS 

Bjerrum (2) shows a logarithmic cor- 
relation between sensitivity and liquidity 
index. This correlation has been used for 
the comparison of the five methods of 
measuring sensitivity. Figure 2 shows 
the individual observations for method 
No. 1 along with the best straight lines 
for the other four methods. The correla- 
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Of the five methods shown in Fig. 2, 
the laboratory vane and unconfined 
methods (methods Nos. 2 and 1) present 
the best agreement with Bjerrum’s 
relationship. If Bjerrum’s correlation is 
valid for Leda clay, the field vane method 
(No. 4) tends to underestimate the 
sensitivity when the liquidity index is 
less than 1.5 and overestimate the 


Legend | 

® Norwegian Clays 
© Boring No. | 
Boring No. 2 
4 Boring No. 3 
© Boring No.4 


> 


Active Clays 


20 


Plasticity Index, per 


10 ZL 
Inactive 
Clays 
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Per cent Clay Sized Particles <2mm 
Fic. 3.—Activity Chart. { 


tion established by Bjerrum is also 
shown. 

In general, the Leda clays appear to 
be more sensitive for the same liquidity 
index than the Norwegian clays. This 
may be because Leda clays generally 
have a higher plasticity index than the 
Norwegian clays, and hence, an excess 
water content over the liquid limit, say of 
5 per cent, leads to higher values of 
liquidity index in the case of the Nor- 
wegian clays. This feature is shown in 
Fig. 3, the activity chart comparing the 
two clays. 


_ neither the liquidity indices nor the 


sensitivities at high liquidity indices. 
The fall-cone test (method No. 3) ap- 
pears to overestimate the sensitivity of 
all liquidity indices, when square func- 
tions are used. If the ratio of penetration 
readings are employed (method No. 5), 
then the sensitivity is underestimated. 

It will be noted that the results pre- 
sented for the one test method are badly 
scattered. The results of the other four 
methods exhibit a similar scatter and 
have not been shown on Fig. 2. The 
scatter may be attributed to the fact that 
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sensitivity values are precise measure- 
ments. 

The liquidity indices used in the cor- 
relation are the average values of a 2-ft 
layer of clay. The sensitivity measure- 
ments were made on samples repre- 
senting at a maximum a 3-in. layer of 
clay. Thus the true liquidity index for 
the 3-in. layer could have been signifi- 
cantly different from the value obtained 
for a 2-ft layer. To illustrate this point, 
in one sample of stratified clay the li- 
quidity index varied from 1.3 to 2.3 ina 
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Slope of Curve is the 
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Area of Loop is Measure 
of Thixotropic Breakdown 
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Fic. 4.—Consistency Curve for Thixotropic 
Plastic Material. (After Green (9).) 


3-ft length, with the average being 2.0 
for the total length. In general, if the 
liquidity index was high, larger variations 
could be expected. 

All methods of measuring sensitivity 
suffer from lack of precision in deter- 
mining the remolded strength. This is 
especially true when the sensitivity is 
high, and it may be stated generally that 
the higher the sensitivity, the less relia- 
ble it is likely to be. 


GENERAL DISCUSSION 


_ The question now arises as to the pre- 


ferred method of measuring sensitivity. 
For the purposes of this argument, it is 
assumed that all methods can be de- 


pended upon to assess the undisturbed 
strength reliably. Thus the discussion 
will center around the application of the 
four test methods for measuring the 
remolded strength. 

Since a clay slurry may be compared 
with paint or printing ink in consistency, 
it may be useful to examine the methods 
used to measure the viscous properties of 
paint. Green (9) has shown a consistency 
curve as determined by a rotational 
viscometer for a_ thixotropic plastic 
suspension, the features of which are 
shown in Fig. 4. If shear stress is plotted 
against rate of shear, suspensions of this 
class will demonstrate a yield value, that 
is, a measurable shear stress is necessary 
before any flow will take place. Once the 
yield stress is exceeded, flow will begin, 
and, as with all viscous materials, there 
is a relation between rate of shear and 
shear stress. If the material is thixo- 
tropic, then there is a hysteresis effect 
between ascending and descending rates 
of shear. Green (9) has suggested that 
the area defined by the hysteresis loop is 
a measure of thixotropy. The hysteresis 
loop can be determined with a rotational 


viscometer as described by Green. Ina 


thixotropic material, the readings on the 
ascending run must be taken after a 


lapse of time to allow the set rate of shear — 


to break down the thixotropic structure. 
For example, if the viscometer speed 
is set at 10 rpm at first a high shear 
strength will be measured which will de- 
crease with time to a minimum value as 


the thixotropic structure is broken down. 
When the minimum value has been | 
reached and recorded, the viscometer can 7 
be set to the next higher rate of shear. A - 


further breakdown with time will occur 
at this higher rate of shear. The down 


4 


curve is obtained without any influence © 


from thixotropic breakdown. 

At very low rates of shear, an ad- 
ditional complication is encountered, 
that of “plug flow.” At slow angular 
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velocities, the material moves around the 
bob of the viscometer as the cup rotates 
as a body without shearing within itself. 
The shearing action occurs in a thin zone 
either next to the wall of the cup or the 
bob, and hence it is necessary to extrap- 
olate the down curve to obtain the yield 
value. 

On a sample which had a sensitivity 
about 200, two tests were conducted on 
the remolded clay with a high-speed 
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obtained. The speed was then increased 
to 40 rpm and the reading repeated. 

In steps of 20 rpm, the speed was in- 
creased to 400 rpm. After the 400-rpm 
reading was obtained, it was necessary 
to stop the rotation because the sample 
was heating up. After the sample had 
cooled to the bath temperature, the 
cup was rotated once more at 400 rpm. 
A series of readings were taken to meas- 
ure the breakdown with time at 400 rpm. 
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Deflection of Viscometer Bob 


Fic. 5.—Consistency Curves for Viscometer Test on Sensitive Clay. 


rotational viscometer. To prepare the 
specimens, the clay was remolded at its 
natural water content, then extruded 
through a 100 mesh screen to remove any 
sand particles which might influence the 
viscometer. The sample was then placed 
in the cup of the viscometer, the an- 
nular space between the bob and the cup 
being 2 mm. To prevent the sample from 
drying out duri~s the test, it was neces- 
sary to cover ‘fr. specimen with a thin 
film of mineral oil. 

The cup of the viscometer was rotated 
at 20 rpm, this speed being maintained 
until] the minimum stable reading was 


TABLE I.—RESULTS OF ROTATIONAL 
VISCOMETER TESTS. 


Remolded 
Test Viscosity, | Value, Vane 
poises psi — 
0.756 0.023 0.03 
67-31-6....... 0.763 0.021 0.03 


When the deflection reading equalled 
that previously established at 400 rpm, 
the speed was decreased in steps of 20 
rpm. For run No. 5, the steps were 
spaced 30 sec apart and number 6 run, 
— 
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The results of one viscometer run is 
presented in Fig. 5 along with the break- 
down with time at 400 rpm. It will be 
apparent that the shape of curve ob- 
tained for the clay slurry resemble that 
of Green’s hypothetical curve. Table I 


compares the values derived from the 
viscometer test in relation to the labo- 
ratory vane tests on the same remolded 
sample. 


ASSESSMENT OF TEST METHODS 


Considering now the methods of 
measuring remolded strength to derive 
their sensitivity, it may be argued that 
the field vane most closely duplicates the 
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Fic. 6.—Remolded Surface Formed in Field Vane Test. 
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action of the viscometer. The remolding 
process is completed at a relatively high 
rate of shear, then readings are taken at 
a much lower rate of shear without a 
period of rest between remolding and 
reading. It is also believed that remolding | 


action produces only a thin remolded 
surface to the order of 1 or 2 mm. This 
feature is illustrated in Fig. 6 which 
shows the surface of rupture around the 
field vane after a remolded test. The 
cylinder of soil retained in the blades of 
the vane in this instance was relatively 
undisturbed. 

Another factor which may influence 
the field vane test is the pore water 


d 
n 
y 
e 
d 
e 
= 
{ 
7, 
: 
d 
ry 
ed 
m, 
20 
re 
in, 
> 


ial EDEN AND KUBOTA ON 


pressure and the rate with which it 
dissipates. Any loss of water during the 
remolding process because of drainage 
would lead to the remolded strength 
being too high. 

With the laboratory vane test, the 
remolded clay is prepared in a container 
with a diameter much larger than that 
of the vane. With the more sensitive 
soils, the remolded clay is in a semi-fluid 
or fluid state. Under these conditions, it 
is questionable whether the shearing 
surface formed in the clay slurry is the 
cylinder conforming to the shape of the 
vane. If the soil tends to be thixotropic, 
the laboratory vane will yield too high a 
result because there is no breakdown 
process and the readings are taken during 
the ascending leg of the hysteresis loop. 

As Fig. 2 has shown, the-fall-cone test 
consistently yielded higher sensitivity 
values than the other test methods when 
the values of sensitivity were taken as 
(H? remolded) /(H? undisturbed). Hansbo 
has pointed out that for the same 
cone, the & value in S, = (kQ)/(H?) is 
different for undisturbed and remolded 
clays. For example, considering the 60- 
deg, 60-g cone, & for undisturbed clay 
was approximately 0.25 for one type 
sampler and 0.20 for another. For re- 
molded clay, the & for the 60-deg cone 
was about 0.30. Thus, in view of Hansbo’s 
work, the simple comparison of the un- 
disturbed and remolded cone penetra- 
tions can be expected to yield too high 
values of sensitivity. 


CONCLUSIONS 


If any conclusion can be drawn from 
this study, it is that the present methods 
of measuring sensitivity cannot be ex- 
pected to yield consistent results. Not 
much significance can be attached to a 
single sensitivity measurement. 

Factors that contribute to the rather 
poor results obtained at: 
= 
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1. Insufficient sensitivity in apparatus 
for measuring the remolded strength, 

2. Time interval between the com- 
pletion of the remolding process and the 
start of the remolded strength deter- 
mination, particularly in clays which are 
thixotropic, and 

3. Whether or not the test is con- 
ducted with ascending or descending 
rates of shear. 

The study has shown that no one 
method is to be preferred for the deter- 
mination of the sensitivity. The field 
vane method is probably the most 
economical method, but it appears to 
underestimate sensitivity at low liquidity 
indices and overestimate it when the 
liquidity index is high. The fall-cone test 
is the most convenient and economical 
of the laboratory methods. The inter- 
pretation of the results of this test is open 
to doubt. If the function (H? remolded) / 
(H? undisturbed) is used as sensitivity, 
the results presented indicate that the 
sensitivities are higher than obtained 
with other methods. If (H remolded)/ 
(H undisturbed) is used for the sensi- 
tivity the results are lower than obtained 
by the other methods. 

It would appear that the Leda clays 
studied are slightly more sensitive for the 
same liquidity index than the relation 
suggested by Bjerrum. 

In spite of the more or less negative 
findings resulting from this study, it is 
hoped that this paper will have made 
some contribution to the problem of 
measuring sensitivity and will assist in 
an appreciation of the sensitivities re- 
ported in the literature of soil mechanics. 


Acknowledgments: 


This paper is a contribution of the 
Division of Building Research, National 
Research Council of Canada, and is 
published with the approval of the 
Director of the Division. 


‘ 
‘ 
‘ " 
vt 
; 
— 
' od 
: : \ 


AND ON SENSITIVITY or CLays 


1249 


(1) A. W. Skempton and R. D. Northey, “The 
Sensitivity of Clays,” Géotechnique, Vol. 3, 
No. 1, pp. 30-53 (1952). 

(2) L. Bjerrum, “Geotechnical Properties of 

Norwegian Marine Clays,” Géotechnique, 

Vol. 4, No. 2, pp. 49-69 (1954). 

K. Terzaghi and R. B. Peck, 

chanics in Engineering Practice.” John 

Wiley and Sons, Inc., New York, N. Y. 

(1948). 

A. Andresen and L. Bjerrum, “Vane Testing 

in Norway,” Symposium on Vane Shear 

Testing of Soils, ASTM STP No. 193, 

Am. Soc. Testing Mats., pp. 54-60 (1956). 

W. J. Eden and J. J. Hamilton, “Use of a 

Field Vane Apparatus in Sensitive Clay,” 

Symposium on Vane Shear Testing of Soils, 

ASTM STP No. 193, Am. Soc. Tatng 


(3) 


(4) 


“Soil Me-. 


(6) 


(7) 


(8) 


(9) 


S. Hansbo, “A New Approach to the Deter- 
mination of the Strength of Clay by the | 
Fall-Cone Test,” Proceedings, No. 14, Royal 
Swedish Geotechnical Institute, Stockholm 
(1957). 
C. B. Crawford, “Engineering Studies on __ 
the Leda Clay,” Soils in Canada, Royal 
Society of Canada, Special Publications No. | 
3, University of Toronto Press, Toronto _ 
(1961). 

A. W. Skempton and A. W. Bishop, ‘ ‘Soils,” 
Chapter 10 of “Building Materials—Their _ 
Elasticity and Inelasticity,” edited by M. 
Reiner, North-Holland Publishing Company, — 
Amsterdam (1954). 
H. Green, “Industrial Rheology and Rheo- 
logical Structures,” John Wiley and = 
Inc., New York, N. Y. (1949). 


THE INFLUENCE OF STRAIN ON SHEARING RESISTANCE 
OF SENSITIVE CLAY* 


By Cart B. Crawrorp! 


SYNOPSIS 


The effective stress shear strength parameters of a sensitive clay are subject 


deformation. 


In accordance with the fundamental 
principle of effective stress, the shearing 
resistance on any plane in a soil depends 
not on the total stress but on the effective 
stress on the plane (1).2 The effective 
stress is the so-called grain-to-grain stress 
found by subtracting the pore water 
pressure from the total stress. It is clear, 
therefore, that values for shear strength 
measured or applied without regard to 
pore water pressure may be subject to 
considerable error. Knowledge of this 
fact has created a great deal of interest in 
the measurement of shearing resistance 
in terms of effective stresses and the use 
of effective stresses in field application. 

Although the use of effective stress 
analyses is a great advance over the 
total stress method, it is still an em- 
pirical approach dependent upon the 
accuracy of arbitrary tests, usually on 
very small specimens, in representing 
field conditions. Much of the study and 


* Presented at the Sixty-fourth Annual Meet- 
ing of the Society, June 25-30, 1961. 

! Head, Soil Mechanics Section, Division of 
Building Research, National Research Council, 
Ottawa, Canada. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


to a wide degree of interpretation because the pore water pressure does not 
reach equilibrium at maximum stress. A simple method of obtaining shear 
strength in terms of fundamental parameters, believed to be equal to Hvor- 
slev’s true parameters, is described. A revised interpretation of true cohesion 
for undrained tests is developed. Water content variation during the test is 
discussed, and the mechanism of friction and cohesion is related to degree of 


application of effective stresses has been 
on remolded or compacted soils in which 
stress history and sensitivity may have 
little influence. Because extrapolation of 
this experience into the realm of natural 
soils may not be justified, a special study 
of the shear strength properties of un- 
disturbed specimens of a sensitive clay is 
being carried out by the National Re- 
search Council of Canada, Division of 
Building Research. This paper describes 
a series of tests in which the effective 
stress shear strength parameters are 
subject to a wide range of interpretation, 
and an effort is made therefore to inter- 
pret the results in terms of fundamental 
parameters. 


SHEAR STRENGTH PARAMETERS © 


Thirty years ago Terzaghi (2) showed 
that if two identical specimens of clay 
are brought to the same water content- 
one by simple compression, the other by 
additional compression followed by re- 
bound—the former. will be considerably 
stronger than the latter. 

This important discovery that the 
stress history of a clay: would have a 


| 


considerable influence on its strength was 
followed by the classical work of Hvor- 
slev (3) who systematically traced the 
variation in the shearing resistance of 
remolded clay as it was consolidated, 
rebounded, and recompressed. He was 
able, by relating shearing resistance to 
the “equivalent consolidation pressure” 
(that is, the pressure on the virgin 
consolidation curve corresponding to the 
void ratio at failure), to obtain an expres- 
sion for shear strength in the form of two 
parameters which were unaffected by 
stress history. These two parameters, 
called the “effective angle of internal 
friction” and the “effective cohesion,” 
represent a frictional component of 
shearing resistance which depends only 
on the effective stress on the plane of 
failure, and a cohesive component which 
depends only on the void ratio in the 
plane of failure. Although Hvorslev still 
prefers the original terms (4), they have 
become widely known as the “true angle 
of internal friction” and the “true 
cohesion” to distinguish them from 
empirical parameters in terms of effective 
stresses (5-7). 

The measurement of the Hvorslev 
parameters is usually such an involved 
procedure, requiring a good supply of 
uniform material, that it has been carried 
out for only a very few natural soils. 
This is why engineers have continued to 
rely on empirical parameters determined 
in terms of total applied stress or in 
terms of applied effective stress in which 
a relationship is established between 
shearing resistance and effective stress 
over a wide range of water contents. 
The values obtained in terms of total 
stress are applicable only if no drainage 
occurs in the test or in the field problem. 
The values in terms of effective stress can 
account for long-term pore pressure 
changes, but if a substantial proportion 
of the shearing resistance of a soil 
actually consists of true cohesion the 
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direct application of empirical param- 
eters in terms of effective stresses may 
be of limited accuracy. In other words, as 
the difference between the Hvorslev true 
angle of internal friction and the angle of 
shearing resistance in terms of effective 
stress increases, the denarture from 
reality becomes of greater significance. 


SENSITIVE CLAYS 


Sensitive clays present a _ special 
problem in the determination of effective 
stress parameters because the pore water 
pressure induced by shearing continues 
to increase after the maximum stress has 
been applied and the selection of the 
point of failure is controversial. This has 
led to a consideration of progressive shear 
strength parameter mobilization (8,9) 
and of failure criteria other than a 
maximum deviator stress. In a discussion 
submitted to the recent ASCE Research 
Conference on Shear Strength of Co- 
hesive Soils (10), the author presented 
test results showing that for a sensitive 
marine clay the computed angle of 
shearing resistance, ¢’, increased with 
strain and was subject to variation of 
interpretation from 22 to 34 deg. Oster- 
man (11) reported similar test results on 
some Swedish clays in which “angles of 
up to 41 deg were obtained for very soft 
clays, which cannot reasonably be cor- 
rect.” Although not a great deal of in- 
formation is available, the variety of 
soils in which pore pressures continue to 
increase after the maximum deviator 
stress has been applied may be quite 
extensive. Parry (12) reports this phenom- 
enon for the insensitive London clay. 


PROPERTIES OF THE SOIL 


The tests reported in this paper were 
made on samples of a late glacial marine 
clay called “Leda” clay. The properties 
of this clay, which occurs extensively in 
eastern Canada, have recently been sum- 
marized (13). The primary set of tests 
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were performed on specimens cut from 
undisturbed block samples obtained 
from a small tunnel at a depth of 33 ft. 
The second set of tests are from a pre- 


TABLE I.—PROPERTIES OF THE SOIL. 
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viously reported study of strain rate in- 
fluences (14) and are quoted in support of 
the conclusions drawn from the primary 
tests. 

To reduce the scatter in test results, 
special efforts were made to obtain 
samples of nearly uniform water content, 


Specimens 
Soil Properties although this is not a general feature of 
96-4 | 8327 the clay. Further, the samples were ob- 
n tained from a depth believed to be below 
222 234 surface weathering effects. The char 
Natural water content, per cent.| 58 67 acteristics of the two sets of samples, 
_— limit, per cent.......... 53 65 which were located about three miles 
oe 3.00 73.80 apart in the City of Ottawa, are sum- 
Clay size, per cent............. 62 60 marized in Table I. 
Salt in pore water, gm perl..... 2.0; 0.5 
Field vane strength, kg per sq Test METHODS 
Sensitivity (approx)............ 50 20 Consolidated undrained triaxial tests 
Preconsolidation pressure, kg were performed on specimens 10 sq cm in 
area and 8 cm high, wrapped in prepared 
TABLE II.—TEST RESULTS. 
Average Water 
a Content, per Water Content of Slices, per cent 
Series® Specimen | |( — Gs) cent 
Initial | Failure 1 2 3 4 5 
96-4-1 2 1.26 1.0 | 59.4 | 51.7 
A 2 3 1.81 1.3 | 60.7 | 47.1 | 46.2 | 46.7 | 47.0 | 47.3 | 47.5 
3 4 2.55 1.9 | 59.0 | 41.8 
4 6 3.84 1.9 | 59.0 | 37.3 | 36.0 | 36.4 *36.7 | 37.4 | 37.7 
5 2 1.29 1.2 | 55.0 | 49.5 | 48.0 | 48.8 | 49.9 | 51.0| ... 
B 6 3 1.84 1.3 | 57.3 | 45.6 | 44.6 | 45.2 | 45.5 | 45.0 | 44.9 
sbi 7 4 2.33 1.6 | 55.0 | 40.9 | 39.7 | 40.3 | 40.5 | 40.9 | 41.1 
8 6 3.82 2.2 | 60.6 | 38.9 | 37.6 | 38.1 | 38.7 | 38.9 
9 2 1.23 6.2 | 58.0 | 49.7 | 47.9 | 48.4 | 49.2 | 49.9 | 49.5 
c 10 3 1.88 6.4 | 55.7 | 44.2 | 43.5 | 43.9 | 44.4 | 44.6 | 44.4 
otaes 11 4 2.41 6.5 | 58.3 | 41.8 | 40.5 | 41.1 | 40.9 | 42.2 | 42.8 
12 6 3.75 7.1 | 58.2 | 38.4 | 37.7 | 37.8 | 38.0 | 38.0 ns 
D 17 6 3.96 58.4 | 37.2 
abt. 18 6 4.18 56.4 | 35.2 
Averages for sliced specimens .................... 43.3 | 42.1 | 42.7 | 43.1 | 43.5 | 44.0 


“ Series A—consolidated-undrained tests with back pressure, 
B—consolidated-undrained tests without back pressure, 
C—consolidated-undrained tests with back pressure, deviator stress held constant for 5 


hr, and 


D—consolidated-undrained stage tests with back pressure. : a 66 


*@- = cell pressure—back pressure, kg per sq cm. 
© (@ — @3)y = deviator stress at failure kg per sq cm. 


47, = time to failure, hr. 


filter paper drains as described by Bishop 
and Henkel (15) and enclosed in a single 
thin rubber membrane (0.01 cm thick). 
In series A, C, and D, cell pressure was 
then increased until small increments in 
cell pressure created equal increases in 
pore water pressure. This always oc- 
curred before the cell pressure reached 
0.5 kg per sq cm. Cell pressure was then 
increased to 2.5 kg per sq cm while a 
back pressure of 0.5 kg per sq cm was 
maintained on the pore water, using 
equipment previously described (16). 
Drainage was allowed for one day. For 
tests at higher cell pressures, daily 
increments of 1 kg per sq cm were ap- 
plied, allowing at least two days for 
drainage under the last increment. In 
series B, the specimens were consolidated 
without any back pressure, but just be- 
fore shearing, the cell pressure and pore 
water pressure were increased simul- 
taneously by 1 kg per sq cm. After 
consolidation was complete, the drainage 
was discontinued, and the specimens 
were strained by axial loading at a rate 
of about 2 per cent per hr while pore 
water pressure was measured at the 
bottom plate. 

In series C, the deviator stress was 
held constant at about one third of its 
maximum value for a period of 5 or 6 
hr. During this period, the specimens 
continued to deform, and pore pressures 
increased slowly. Controlled axial strain 
was then continued by further axial 
loading. 

The two specimens of series D were 
subjected to multiple-stage tests. This 
technique has been described recently 
by Kenney and Watson (17). In these 
tests, a back pressure was applied to the 
pore water during consolidation and 
shear. Consolidation pressures of 2, 3, 4, 
and 6 kg per sq cm were used in succes- 
sive stages. After each consolidation 
stage, the dimensions of the specimen 
were computed, and an axial load was 
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applied by controlled straining without 
drainage until a maximum deviator 
stress was reached. 


Test RESULTS 
Test results are summarized in Table 
II. The relationship between strain and 
deviator stress and pore water pressure 


> 
\ 


Deviator Stress and Change in Pore Water Pressure, kg per sq cm 
Nn 
» 
| \ 
\ 
\ 
\ 
\ 
\ 
t 
\ 
\ 
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2 3 a 5 
Stroin, per cent 


Fic. 1.—Typical Test Results. 


for the four specimens of series A is 
shown in Fig. 1. Similar results were ob- 
tained for the other tests, but the pore 
pressure measurements for series B 
(consolidated without back pressure) 
appeared to be less reliable. For speci- 
men 96-4-7, in particular, the measured 
pore pressure was low and not consistent 
with the other tests. In series C, about 
0.2 per cent strain occurred during the 
period of constant deviator stress, and 
pore pressure increased in proportion to 
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strain as shown in Fig. 2. Specimen 96- 
4-10 was inadvertently stressed to 46 per 
cent of failure and has therefore greater 
pore pressures than normal. 
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and the average variation is shown in Fig. 
3. Slice 1 is the slice enclosing the fail- 
ure plane. The position of the other slices 
is shown in the figure. The average water 


0.5 
pos 
> 10 
a 
4 
0.2 - 
Timeto Failure, 
96-4-9 2 043 6min 35 
96-4-10 3 O86 46 
96-4-11 4 089 37 
96-4-12 6 1.32 I7* 35 
| | | | 
002 0.04 0.06 008 0.16 0.20 
7 Change in Axial Strain, per cent 
Fic. 2.—Relation Between Pore Pressure and Strain at Constant Stress. 
: Laing content of the ten specimens at failure 
wy 
v7 JA is 43.3 per cent. The average water con- 
f 72 arg tent of the slice enclosing the failure 
plane is 42.1 per cent. The water con- 
* tent of all of the specimens decreased 
1% 4 consistently toward. the failure plane, 
averaging 44 per cent at the extremities 
os Py, to 42.1 per cent at the failure plane. 
y Two specimens from an adjacent block 
,sue sample were consolidated under one 


Fic. 3.—Average Water Content of 10 Speci- 
mens After Shearing. 


Ten of the specimens were removed as 
quickly as possible from the triaxial 
chamber and divided into slices parallel 
to the failure plane in order to measure 
water content variation between slices. 
Specimens in which the failure plane was 
not clearly visible were compressed 
rapidly in unconfined compression to 
establish the failure plane. The water 
content of each slice is given in Table IT, 


loading increment of 6 kg per sq cm and 
then removed from the cell quickly with- 
out shearing. End slices were removed, 
and the specimens were divided into 
upper, middle, and lower sections. Each 
section was trimmed concentrically into 
an outer, intermediate, and central 
portion. Water contents of each portion 
were determined. These tests revealed a 
pattern of water content that suggests 
different degrees of consolidation 
throughout the specimen. The tests show 
the outer shell to have been about 1 per 
cent dryer than the central portion (Fig. 


4 


* 
4 
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4). Most of slice 1, obtained from sheared 
specimens, came from the inner portion 
of the sample, while most of slice 4 or 5, 
for instance, came from the outer shell, 
and it is therefore reasoned that slice 1 
was wetter than average before shearing. 
Since it was dryer than average after 
shearing, this suggests an even greater 
movement of water during shear than is 


Averages 


36-2 


369 
36-4 


qT 
ot 
Or 


376 


366 


| | 
=~ 


Specimen 96-3-5 
No Side Drains 


Final = 36-7 


indicated by measurements on slices 
parallel to the failure plane. 


Discussion OF TEST RESULTS 


The fact that the computed angle of 
shearing resistance, ’, of a sensitive clay 
is subject to a wide interpretation is 
disturbing. Consider specimen 96-4-4, 
consolidated under an all-round pressure 
of 6 kg per sq cm. Since this pressure is 
well above the natural preconsolidation 
pressure of the soil, it may be considered 


37-6) 
36:7 per cent 


Fic. 4.—Water Content Variation After Triaxial Consolidation. 


to be normally consolidated with c’ = 0. 
At 1 per cent strain, when 90 per cent of 
the maximum deviator stress had been 
applied, the computed @’ was 19 deg, at 
95 per cent it was 21 deg, and at 100 per 
cent it had risen to 26 deg, at a strain of 


nearly 3 per cent. At approximately 10 | 


per cent strain, the maximum principal 
effective stress ratio, ¢:1/¢3 , occurred and 


Averages 


38:0 
37:5 


Specimen 96-3-7 
With Side Drains 
Initial = 57-0 
Final We = 


the computed ¢’ was 34 deg. The ap- 
plication of the last 10 per cent of maxi- 


38-3 


mum deviator stress has therefore in- — 


creased the possible computed ¢’ by as 
much as 15 deg, but only after con- 
siderable strain. This poses the important 
question of whether or not the triaxial 
test satisfactorily represents in situ 
conditions of stress and strain for this 
sensitive, brittle soil. 

lt is thought that after about 80 to 90 
per cent of the maximum stress has been 
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applied, the soil begins to creep and build 
up pore pressures which are not com- 
patible with field phenomena. In the 
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mum angle of obliquity” at failure as 
defined by Taylor (18). At half maximum 
deviator stress, the maximum angle of 


SERIES A 
x 96-4-2 
+ 96-4-5 
° 96-4-4 
4 
SERIES D 


* Stage | at G72 Kg per sq cm 
x Stage 2at 
+ Stage 3 at O=4 
© Stage 4 at O=6 


20 


Fic. 5.—Relation Between ¢’ and Deviator Stress. 


following analysis therefore the maxi- 
mum deviator stress is considered to 
represent failure, and an effort is made 
to interpret test results at stresses well 
below failure. At half maximum deviator 
stress, for instance, the specimen has a 
factor of safety, F, of 2. Since c’ = 0, 
the shearing resistance at stresses less 
than failure may be represented by: 


where ¢’, the maximum angle of shearing 


sda is equivalent to the “maxi- 


40 
Per cent Max Devictor Stress 


60 80 - 


obliquity, am , is 


Then: 
tan ¢’ = F tan an 


= 2 tan a» 


For specimen 96-4-4, when F = 2, an, = 
9 deg and ¢’ = 17 deg. 

When ¢’ was computed in this way at 
various degrees of maximum stress, it was 
found to be fairly constant up to about 
half maximum deviator stress. Further 


an & 
= 
c 
20 
15 
30 
| 
| 
20 — | 
i. 
5 9 15 
o~ 


SERIES A 


SERIES B 


SERIES C 


xX 96-4-10 
+ 96-4-I/ 
© 96-4-12 


96-4-18 
Stage | 
x Stage 2 
+ Stage 3 
© Stage 4 


| 
SERIES D 


— 


0-5 ite) 
Strain, per cent 
«Fic. 6.—Relation Between ¢’ and Percentage Strain (Specimens 96). 
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30 
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30 
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25 + 96-4-7 4 
4 © 96-4-8 6 
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20 
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30 
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83-27-10 2:0 0-13 
83-27-11 2:0 0-77 
|__+83-27-8 2:0 9-4 


°63-27-7 2-75 
X83-27-1 2-70 
+83-27-3 2:75 


| 


63-27-4 40 0-96 
x83-27-5 40 3-7 
-— +83-27-9 40 22:0 


+ 


T 

° 83-27-12 60 0-82 
X83-27-13 6-0 4:2 


= 
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Strain, per cent 
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stressing caused a marked increase in 
computed @¢’. In Fig. 5, values are 
plotted for specimens of series A and D. 
A simpler relationship was found between 
@’ and per cent strain. Additional test 
results plotted in this way are shown in 
Fig. 6. Curves were drawn through points 
up to maximum deviator stress, but since 
the curves were practically straight 
beyond 1 per cent strain the values are 
shown only to 1.5 per cent strain. 

The significant feature of these rela- 
tionships is that the computed ¢’ at low 


3 


other tests and can be carried out on only 
one specimen over a wide stress range. 

The series of previously published tests 
on Leda clay (14) have been analyzed in 
the same way and are shown in Fig. 7. 
These results, which were obtained from 
samples from another location and in 
which the rate of strain was varied from 
about 0.1 per cent to 10 per cent per 
hour, reveal a similar value for @’ of 
about 15 to 17 deg at low strains which 
appears to be independent of rate of 
strain. Tests at consolidation pressures 


Specimen 96-4-4 34° 6s 26° 
= 6 kg per sq cm 6 (62 
Critical Stress Poth 
13° 
2 > 
3 
° | 2 3 4 5 6 7 


Effective Stress 5, kg per sq cm 


Fic. 8.—Effective Stress Circles at Various Degrees of Strain. 


stresses is practically constant at an 
average of about 17 deg and is inde- 
pendent of consolidation pressure. Note 
that specimen 96-4-1 lies slightly above 
the average because the laboratory con- 
solidation pressure is slightly less than 
the in sitw preconsolidation pressure. 
Series B test results are scattered, 
probably because specimens were not 
consolidated under back pressure and 
the measured pore pressure is less reliable. 
Series C shows considerable scatter in 
the low strain range because $’ was 
computed just before and just after a 
period of several hours at constant stress. 
The stage test of series D is especially 
significant because it agrees with the 


less than 3 kg per sq cm give higher 
values of ¢’ and appear to be affected by 
the natural overconsolidation. 

From these test results, it is thought 
that the computed @’ of 17 deg is a 
fundamental parameter equivalent to 
Hvorslev’s true friction angle ¢. For 
discussion, reference is made to Fig. 8 
which shows Mohr stress circles for 
specimen 96-4-4 at various degrees of 
strain up to 10 per cent. The maximum 
angles of obliquity at strains of 0.25 per 
cent and 0.5 per cent are 5 and 9 deg, 
respectively, and the computed values 
of ¢’ are 16.9 and 17.1 deg. In this stress 
range, rather little change occurs in the 
effective stress on the plane of maximum 
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obliquity. It is reasonable to suppose 
that the true frictional resistance is not 
fully developed. At 2.5 per cent strain, 
the maximum deviator stress is reached. 
Since effective stress on the failure plane 
is reduced to about 60 per cent of its 
maximum, the frictional resistance is 
fully developed and the shearing re- 
sistance envelope is drawn at an angle 
of @ = 17 deg intersecting the ordinate 
axis at a value of 0.65 kg per sq cm. This 
is regarded as the true cohesion, ¢, 
defined by Hvorslev and is thought to be 
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solidation pressure as postulated by 
Hvorslev for remolded specimens. In the 
lower part of the figure, the relationship 
between true cohesion and consolidation 
pressures is illustrated. The Hvorslev 
“coefficient of effective cohesion” is 
0.11. Although systematic observations 
have not been made, it has been casually 
observed that the shear planes at failure 
in this material are inclined at about 55 
deg to the horizontal, giving further 
confirmation to the reported value of 


de (1). 


| 

= 

96-4-1 2 

96-4-2 3 

96-4-3 4 

ne 96-4-4 6 

=x 

o 

: 

% 1 2 3 4 5 6 7 


Fic. 9.—Effective Stresses on Most Critical Shear Planes. 


due to prestressing (19) on the failure 
plane. Other values at various strains 
are shown. At 0.5 per cent strain, it is 
thought that some true cohesion is 
developed due to prestressing even 
though friction is not fully developed. 

A solid curve is drawn through points 
of tangency to the Mohr circles to in- 
dicate the effective stress on the most 
critical shear plane which gradually 
steepens as friction is mobilized. This 
“critical stress path” is similar to but not 
quite the same as the “vector curve” 
employed by Casagrande and Wilson 
(19). A set of “critical stress paths” ob- 
tained in test series A is illustrated in Fig. 
9. These indicate that the magnitude of 
true cohesion is dependent on the con- 


Effective Stress C, Kg per sq cm 


DRAINED TESTS 


Some consolidated drained tests have 
been made on this sensitive clay, but 
none is reported in the paper. It has been 
found that when axial stress is increased 
with full drainage, the specimen deforms 
up to 30 per cent strain or more before 
maximum strength is reached, and it has 
been argued that such a test has no 
practical significance (10,14). If the speci- 
men is caused to fail by decreasing the 
lateral stress, the relationship between 
computed ¢’ and strain is similar to that 
measured by an undrained test, but 
considerable strain is again necessary 
for failure (10). The reasoning applied to 
consolidated undrained tests can not be 
extended to the drained tests because 
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there is no period of more or less con- 
stant effective stress on the failure 
plane. 

For relatively insensitive remolded 
clay, Henkel (20) found strength in terms 
of effective stresses to be independent of 
type of test, drained or undrained, but 
he was unable “to relate shear strains 
measured in the various types of tests.” 
He drew attention to the necessity of 
relating shear stress and shear strain for 
practical problems and cautioned against 
extending his laboratory results to field 
problems. 

For both undisturbed and compacted 
clays, Hirschfeld (21) found the relation- 
ship between strength and effective stress 
to be dependent on test method (drained 
or undrained). From a study of many 
test results, he concluded that time of 
loading and prestress are the most im- 
portant factors influencing the relation 
between shear strength and effective 


stress in a saturated clay. _ 


Test results for a Drammen clay have 
been reported in sufficient detail by 
Bjerrum and Simons (9) to permit deter- 
mination of its “true angle of internal 
friction” by the described method. This 
clay, with a liquid limit of 37 per cent, 
plastic limit of 18 per cent, and natural 
water content of 34 per cent, is com- 
puted to have a true angle of about 18 
deg. 

Tests described by Simons ((22), Fig. 1) 
on a highly plastic clay from Canada, for 
which sufficient information was avail- 
able, gave a computed true angle of 
internal friction of about 16 to 17 deg. 
Tests by the Division of Building Re- 
search on samples from the same area 
gave approximately the same value. 


OTHER SOILS 


VARIATIONS IN SPECIMEN 
DuRING TEST 


The results of several investigations on 
the stress variation in a specimen during 


a triaxial test were summarized by 
Hvorslev (23). Shockley and Ahlvin (24) 
reported significant stress variation and 
opposite volume change tendencies in 
various portions of sand specimens being 
sheared in a triaxial device and con- 


cluded that “interpretations of test data — 


based on total volume changes may be 
completely at variance with those 
determined on the basis of changes in the 
failure zone alone.” The late D. W. Tay- 
lor reported that “non-uniform condi- 
tions of stress and strain occur in all 
types of tests, and failures are always, to 
a degree, progressive” (18). Taylor 
measured pore pressures within clay 
specimens, and after shear he measured 
the variation in water content. His re- 
sults, just recently published by Whit- 
man (25), show variations of 14 per cent. 
Similar results are quoted in this paper. 

It is difficult, if not impossible, to make 
allowance for stress variation and water 
migration within a specimen during the 
triaxial test. It is useful, however, to 
attempt to judge the significance of these 
complications in special tests on reason- 
ably uniform specimens. This is done 
with reference to Fig. 8. Initially, it is 
reasoned that as the shear stress ap- 


proaches its maximum value the struc- — 


ture of the sensitive clay breaks down 
and transfers normal stresses to the pore 
water, causing water to flow from the 
most critical plane. As friction develops 
progressively, the critical plane steepens 


to an angle of 45 + . to the horizontal. 


If the material remained homogeneous, 
the critical plane would maintain its 
position, but if consolidation occurs on 
the plane, it will tend to move up or down 
or to steepen. If a progressively steepen- 
ing plane due to mobilization of friction 
is visualized, it is thought that this trend 
will continue because a shift up or down 
in the specimen would require the critical 
plane to move into a region previously 
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affected by consolidation. If the critical 
plane steepens due to progressive drying, 
the failure envelope will intersect the 
Mohr circles which are computed from 
total stresses minus measured pore 
water pressure, and the “critical stress 
path” will trend toward that shown by a 
broken curve in Fig. 8. Casagrande and 
Wilson (19) used similar reasoning to 
explain variation in the shape of “vector 
curves” depending on type and rate of 
stressing. 


= FRICTION AND COHESION 


There has not been satisfactory agree- 


ment on the true mechanism of friction 
and cohesion in clay soils. On the basis of 
experiments with remolded clays, Rowe 
(26) suggested that true cohesion may be 
unstressed at equilibrium and that creep 
would result if true cohesion were 
mobilized. Lambe (27) saw no fundamen- 
tal difference between the mechanism of 
friction and cohesion. He argued (28) 
that cohesion was mobilized at very small 
strains, and at some further degree of 
strain it ceased to contribute to shearing 
resistance. From a comprehensive set of 
tests on a variety of soils, Schmertmann 
and Osterberg (29) conclude that the 
“cohesion strength component generally 
develops to its maximum value at an 
axial compressive strain of less than 1 
per cent, while the friction angle requires 
a much greater strain to reach its maxi- 
mum value.” For normally consolidated 
Lilla Edet clay, Bjerrum and Wu (7) 
found true cohesion to be proportional to 
the consolidation pressure. Specimens 
reconsolidated in the laboratory to 
pressures less than the preconsolidation 
pressure were found to have additional 
true cohesion. This they attributed to 
rigid bonds between particles that sud- 
denly break down at pressures above the 
natural preconsolidation pressure. 

In a well-documented paper, Rosen- 
qvist (30) traced the development of 
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physicochemical concepts of soil water 
systems and emphasized the importance 
of considering a portion of the water in a 
soil as part of the soil particles. This 
concept led him to conclude that when 
the pressure between mineral grains is 
released they will continue to stick to- 
gether because of adhesional forces. This 
is thought to be a most important con- 
cept and is employed in the following 
explanation for the development of 
friction and cohesion in the Leda clay. 

It is believed, based on test results re- 
ported in this paper, that all shearing 
resistance is of a frictional nature (that 
is, dependent on normal effective stress 
on the plane of shear) and that cohesion 
is caused by the inability of the inter- 
particle forces to decrease quickly 
(Rosenqvist’s adhesion) when external 
loads are released. It follows that the 
frictional component (¢ = 17 deg) is 
independent of time or stress path. The 
cohesion component, on the other hand, 
is dependent on stress release and may 
be expected to begin to dissipate as soon 
as it is mobilized. It will probably not 
decrease to zero. Soils which have been 
rebounded geologically might be ex- 
pected to retain a_,minimum cohesion. 
This could account for the “threshold 
effect” observed by Bjerrum and Wu 
(7). 

Friction in clays will probably not be 
as simple as friction between ordinary 
plane surfaces since it is not thought to 
involve direct mineral contact. Rather, 
it will be increased by decreasing distance 
between particles and by enlarged over- 
lapping of water films. It is probable that 
the decreasing distance between mineral 
grains brought about by increasing stress 
is not compatible with the minerals’ 
demand for complete surface layers of 
water and that long term adjustment will 
take place as particles move relative to 
one another seeking equilibrium. This 
adjustment is considered to reduce the 
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overlapping of water films with a con- 
sequent reduction in the so-called “true 
cohesion.”’ Time-dependent decrease in 
the empirical cohesion intercept c’ has 
been shown in the laboratory (14) and in 
the field (31), and this may logically be 
interpreted to indicate similar variation 
in the true cohesion ¢, . 


APPLICATION 


The Hvorslev parameters are con- 
sidered to represent the correct mech- 
anism of shearing resistance in a soil. 
Empirical parameters in terms of ef- 
fective stresses are thought to provide a 
satisfactory basis for stability analyses 
provided the stress range during test 
corresponds to that in the field. A valu- 
able comprehensive study of evidence 
supporting this view has been presented 
recently by Bishop and Bjerrum (32). 
The correlations between analysis and 
performance always appear to be less 
satisfactory for natural soils than for 
compacted soils. This is usually attrib- 
uted to greater variations in the prop- 
erties of natural soils and to unknown 
influences of weathering. A further, and 
perhaps more important, reason may be 
errors in the laboratory values of tem- 
porary and permanent cohesion, es- 
pecially in the low stress range. It is not 
easy to evaluate the true strength 
parameters in the over-consolidated 
range, but one of the most difficult soil 
engineering problems involves unloading 
of natural soils. It is clear therefore that 
much more work must be done on natural 
soils in this important stress range. 


CONCLUSIONS 


The following conclusions are based on 
relatively few consolidated undrained 
test results on a sensitive marine clay. 
Some evidence of a certain general ap- 
plicability is quoted, but the extrapola- 
tion of test results on sensitive clays is 


thought to be hazardous. a 


1. The measurement of shear strength 
parameters of a sensitive clay in terms of 
effective stresses applied in the triaxial 
compression apparatus is subject to an 
unsatisfactory range of interpretation. 

2. The computed 9’ is directly related 
to strain in the specimen. At stresses up 
to about one half of failure stress in the 
material tested, it is reasonably constant 
at about 17 deg. On the basis of the 
Hvorslev hypothesis, this angle is 
thought to be equivalent to the “true 
angle of internal friction.” 

3. This “true angle of internal fric- 
tion” is independent of cell pressure and 
rate of strain. 

4. “True cohesion” is considered to be 
equivalent to a frictional phenomenon 
caused by intrinsic pressures which are 
not immediately reversible when stresses 
are released but which will decrease with 
time. 

5. True friction is considered to be 
mobilized at very low strain (less than 1 
per cent in the specimen considered) with 
true cohesion mobilized as required 
during stress release. 

6. Measurements show that nonuni- 
form consolidation occurs due to ap- 
plication of all-round pressure and that 
water moves away from the plane of 
shear. This is thought to influence ef- 
fective stress parameters, especially at 
high strains. 

7. Most reliable pore pressure meas- 
urements are obtained when specimens 
are consolidated under a back pressure. 

8. Under constant axial stress, pore 
pressure increases in direct proportion to 
strain. 
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List oF SYMBOLS 


= normal stress, kg per sq cm, 

= pore water pressure, kg per sq 
cm, 

= pore pressure change during 
shear, kg per sq cm, 

= effective stress, kg per sq cm, 

= effective consolidation stress, 
kg per sq cm, 


(@: — @s)s = deviator stress at failure, kg 


(1) 


(2) 


(3) 


(4) 


(5) 


(6 


(7) 


(8) 


per sq cm, 
= time to failure, hr, 
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Mr. WERNER E. Scuip! (presented in 
written form).—Mr. Crawford presents a 
series of most interesting results and he 
should be commended for the diligence 
with which the reported experiments 
were carried out. By far the most signifi- 
cant results of his investigations are the 
wide variations that are possible in the 
interpretation and evaluation of shear 
strength data with pore pressure meas- 
urements. The effective angle of shearing 
resistance ¢’ is found to vary, depending 
on the strain, from ¢’ = 19 deg to ¢’ = 
34 deg. Similar results have been ob- 
served also by this writer. Such wide 
variations must clearly be disturbing to 
anyone who has to use laboratory data of 
such nature for the design of field instal- 
lations. These variations, of course, result 
from the build up of pore pressure with 
strain and time. For this and a number 
of other reasons, we have concluded it is 
unwise to assess the shear strength of a 
clay soil in the field from laboratory 
triaxial tests with pore pressure measure- 
ments. They are subject to too wide a 
fluctuation depending entirely upon the 
strain at which the tests are evaluated, 
the compliance of the measuring system, 
the point of pressure pickup, etc. 

As a consequence, we are proposing an 
entirely different shear strength theory? ® 

! Associate Professor, Civil Engineering 
Dept., Princeton University, Princeton, N. J. 

2W. E. Schmid, Y. Klausner, and C. F. 
Whitmore, ‘Rheological Shear and Consolida- 
tion Behavior of Clay Soils,’’ Progress Report to 
the Office of Naval Research, Princeton, Uni- 
versity, (1960). 

3W. E. Schmid, “New Concepts of Shear 


Strength for Clay Soils,’’ Journal, Soil Mechan- 
ies Div. 


DISCUSSION 


which redefines the whole problem and 
introduces a new concept of shearing 
strength. A detailed exposition of these 
concepts is beyond the scope of this 
discussion; however, the basic principles 
are outlined briefly: 

Clay Soil as an Engineering Material — 
It is generally known and accepted that 
the composition of an engineering mate- 
rial is the most important factor that 
determines its properties. We utilize this 
knowledge to manipulate the properties 
of alloys and of plastics, as well as other 
materials. The carbon content of a steel 
determines its yield strength and duc- 
tility, and the water-cement ratio of a 
concrete is the most critical parameter 
for concrete strength. The composition 
parameters are very sensitive; that is, 
their slightest change has a great effect 
upon the material properties. When we 
conduct triaxial tests in the soil mechan- 
ics laboratory, the samples are usually 
consolidated at different lateral pres- 
sures. This results in different water 
contents. Hence, samples thus consoli- 
dated are really different engineering 
materials! In view of our experience of 
the sensitivity of composition param- 
eters, the notion that the change in shear 
strength of a whole series of engineering 
materials can be expressed by one con- 
stant parameter ¢’ in the equation s = 
c + o tan @’ appears to be a vain and 
naive hope. 

In order to get significant and mean- 
ingful results we should, therefore, carry 
out our tests on samples that have the 
same composition, that is, the same 


- > 


water content. If such triaxial tests are 
carried out (undrained quick tests), we 
find that on the basis of total stresses 
the failure envelope in a Mohr diagram 
. is a horizontal line, that is, ¢ = 0. This 
means that the Mohr-Coulomb failure 
theory is not applicable, the shear 
strength does not directly depend on the 
normal stresses, and the general accept- 
ance of the Mohr-Coulomb theory stems 
from a confusion of cause and effect. 

Shear Strength of Saturated Clay Soils. 
—On the basis of the concepts above, we 
formulated a shear strength concept 
which does not separate s into friction 
and cohesion components but considers 
the total value of the shear strength 
which is found to depend on (a) the water 
content of the clay soil and (0) the dura- 
tion of the load. It is also proposed that 
the best measure for shear strength is the 
octahedral shear stress. Since the maxi- 
mum shear stress, } (0; — o3), varies 
only by—at most—15 per cent from the 
octahedral shear,‘ the former may be 
substituted without significant loss of 
accuracy. Thus we may write: 


(or 03) max = 


where: 

A and B are material constants that vary 

. with the load duration, and 

a e is the base of the Naperian 
logarithm. 

Water Content Variation.—In view of 
the concepts above, the variations of the 
water content within a triaxial specimen 
become most interesting, and Craw- 
ford’s data are highly significant. They 
confirm observations in our laboratory 
where within a research program on 
shear strengths of clay soils we observed 
the variation of water content within 
triaxial test specimens before and after 

4N. M. Newmark, “Failure Hypotheses for 
Soils,” Proceedings, Am. Soc. Civil Engrs., Re- 


search Conference, Shear Strength Cohesive 
Soils, Boulder, Colo., June, 1960, pp. 17-32. 
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shearing. Our specimens were made of 
remolded, homogeneous, saturated clay 
of illite and—in the second series— 
kaolinite type clay minerals. We found 
that: 

1. After consolidation (with side 
drains) the water contents were highest 
at the bottom of the specimens, some- 
what lower at the top, and lowest at 
mid-height. Radially, the water content 
decreased from a maximum at the center 
to a minimum at the edge. The range of 
the differences was between 1 and 2 per 
cent. 

2. After shearing, the failure zone 
always had the smallest water content 
with deviations from the average water 
content of the sample by again 1 to 2 
per cent. 

Deviator Stress versus Stress Difference. 
—The only displeasure this writer has 
with Mr. Crawford’s otherwise excellent 
paper is the unfortunate choice of the 
term stress deviator for the principal 
stress difference 7; — a3 . While we recog- 
nize that this mistake is made frequently 
in soil mechanics circles, we feel it is 
time to correct this situation and avoid 
this constant source of confusion. The 
term deviator stress has been defined in 
classical mechanics as the difference be- 
tween the principal stress and the mean 
hydrostatic stress, and we should respect 
this definition: 


1 
Deviator stress S;) = o1 — 3 (o1 + o2 + a5). 


Inclination of Failure Surface—Saada‘ 
has shown recently that the inclination 
of the failure surface on a triaxial speci- 
men should be equal to the octahedral 
angle a = 54°45’. This is in excellent 
agreement with the inclination of 55 deg 
observed by Crawford as well as Saada’s 
own observations. 

5 A. S. Saada, ‘Rheological Investigation into 


the Shear Behavior of Saturated Clay Soils,’’ 
Ph.D. Dissertation, Princeton University (1961). 
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Mr. Donatp M. Burmister® (pre- 
sented in wrilten form)—The influences 
of strain on stress-strain and shearing 
strength responses of clays appears to be 
more characteristic of certain precondi- 
tioned states than of inherent sensitivity 
of clay as such. Soil is a most unusual 
construction material because its re- 
sponses in laboratory tests and its field 
performances with regard to foundation 
support of structures and stability of 
earthworks and natural slopes are 
strongly influenced and conditioned by 
the kind, relative dominance, and se- 
quences of conditioned imposed. There 
are no simple model-prototype relations 
between laboratory soil responses and 
field performances which can be used 
invariably and reliably. Soil is always a 
prestressed and prestrained material with 
a prestress at any depth at least equal to 
the weight of overburden. 

A first fundamental concept of soil 
performances states that soils having 
the same identifications but different 
prestress, confinement, and _precondi- 
tioning are in reality different materials, 
because they possess essentially different 
responses and performances. A sample of 
clay which has been taken from its pre- 
stress and confinement environment is a 
radically different material from that in 
the natural “in place” state. Further- 
more, soil samples may be adversely 
altered in some degree by sampling 
disturbances. A second fundamental con- 
cept, therefore, follows in accordance 
with the principles of prototype triaxial 
testing of soils that the original prestress 
and confinement conditions must be 
restored on a triaxial specimen, and 
thereafter the new conditions imposed by 
construction of structures and earth- 
works must be applied, all with proper 
regard to kind, relative dominance, and 
sequences of conditions. Thus prototype 


* Civil Engineering Dept., Columbia Uni- 
versity, New York, N. Y. 
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stress-strain and shearing strength re- 
sponses of clay soils can be consistently 
and reliably obtained that have direct 
and valid applications in evaluation and 
solutions of foundation and _ stability 
problems and in predicting full scale field 
performances. 

The prestressing of triaxial specimens 
of clay by complete consolidation to in- 
creasing stress levels corresponding to 
different depths represents only one 
aspect of prototype testing. The prior 
determination of the natural prestress, 
state of consolidation, and undisturbed 
quality and “goodness” of samples are 
essential in triaxial testing in order to 
set up proper triaxial test conditions and 
procedures. Prototype consolidation tests 
are required with an unloading-reloading 
stress cycle and characteristic triangle 
construction to establish the prestress 
and state of consolidation.’ If a clay is 
normally consolidated with the prestress 
equal to the present overburden, the 
starting point of straining “in place” 
under imposed stresses is at this pre- 
stress. The significant and usable stress 
region for triaxial testing is therefore 
just above this natural prestress level on 
the primary consqlidation curve and 
associated triaxial curve. Stress-strain 
responses below the prestress are merely 
a laboratory reloading phenomenon to 
restore this prestress.® 

More frequently than is supposed, 
clays have been over-consolidated under 
prestresses greater than the present 
overburden. For over-consolidated clays, 
the starting point of straining “‘in place” 


7D. M. Burmister, ‘“Strain-Rate Behavior of 
Clay and Organic Solids,”’ Papers on Soils— 
1959 Meetings, ASTM STP No. 254, Am. Soc. 
Testing Mats., pp. 90-92, Fig. 1, pp. 99-104 
(1959). 

sp. M. “The 


Burmister, Importance of 


Natural Controlling Conditions upon Triaxial 
Compression Test Conditions,” Triaxial Testing 
of Soils and Bituminous Mixtures, ASTM STP 
No. 106, Am. Soc. Testing Mats., pp. 256-261, 


Figs. 1 and 2 (1950). 
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under imposed stresses is at the over- 
burden stress in a natural unloading 
stress cycle. The significant and usable 
stress region for triaxial testing is on a 
relatively flat reloading stress cycle just 
above the overburden stress to the 
natural prestress and continuing there- 
after on a steeper primary consolidation 
curve and associated triaxial curve.® 

Furthermore, the loading and confine- 
ment conditions in sequence have impor- 
tant influences on stress-strain responses 
and modbilizable shearing strength for 
foundation support, but more critically 
for stability of structures and earth- 
works under unbalanced stress condi- 
tions. The strains in the latter case are 
much smaller—first, for unloading condi- 
tions, such as exposure of a slope by 
excavation and resulting instability con- 
ditions and, second, for conditions of 
lateral yielding of retaining structures 
with accompanying relief of stress from 
the “earth pressure at rest’’ to the active 
pressure state.’ Prototype triaxial testing 
requires that these strain and lateral 
confinement conditions be simulated by 
proper testing procedures in sequence 
which will have to be learned by experi- 
ence. In addition, the initial prestressing 
and preconsolidation of triaxial speci- 
mens to required stress levels should be 
in accordance with vertical and lateral 
stresses increased in a definite ratio 
corresponding to the state of consolida- 
tion, instead of by hydrostatic precon- 
solidation.® 

The controlling influences of slow 
plastic creep, however, are considered to 
be more important than the above in- 
fluences for clay soils. Creep phenomena 
were treated rather completely in the 
paper entitled—‘Strain-Rate Behavior 
of Clay and Organic Soils.’”” In the period 


M. Burmister, Place of the Direct 
Shear Test in Soil Machines,”” Symposium on 
Direct Shear Testing of Soils, ASTM STP No. 
131, Am. Soc. Testing Mats., pp. 6-11, Figs. 
3 and 4 (1952), 
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from 1933 to date, there have been many 
opportunities to observe creep phenom- — 
ena in action, to study the nature and 4 
controlling influences of creep, to evalu- | 
ate the conditions that govern creep, and 
to design bulkheads, retaining structures, _ 
earth dams, and embankments over clay _ 
and organic soil deposits against failure 
eventually by slow creep. Methods and 
apparatus for triaxial creep testing were — 
developed and used since 1945. Cases 1 
and 2 describe the nature of the problems | 
involved in stability of embankments.’ 
Observations, experiences, and_in- 
vestigations of mass slide failures have 
shown that a mass slide has practically — 
always been initiated by a phase of slow 


plastic creep.’ The initial elastic slumping 
downward of a slope induces shearing 
stresses beneath the toe of a slope. If 
these shearing stresses fall within the 
range of appreciable creep strain-rates, — 
then creep is initiated beneath the toe of | 
the slope, which is the stress region most — 
vulnerable to creep action. When lateral | 
subsurface creep displacements accumu- | 
late to sufficient magnitudes beneath the — 
toe of a slope, settlement of this toe por-— 
tion must inevitably result. This, in a | 
real sense, “pulls the rug” from under — 
the slope and tends to tilt the slope or — 
embankment outward. As a consequence, — 
well-known tension cracks are formed — 
back of the crest of the slope, which are — 
evidence of creep conditions. Some shear-_ 
ing strength necessary for stability is thus" 
destroyed progressively as these cracks — 
deepen, causing a greater unbalance of | 
stress conditions. As creep is now propa- | 
gated back beneath the slope, the creep” 
displacements accumulate finally to 
critical magnitudes. Eventually, these 
sequences of events lead to a rapid mass 
slide failure, especially if heavy rains fill — 
the tension cracks and induce additional 
sliding forces, as a “trigger” action. 

Creep is essentially a stress-deforma-_ 
tion _stress-relaxation phenomenon, 
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which is illustrated in Fig. 10(a). A pre- 
consolidated triaxial specimen is strained 
under “closed system” conditions by 
application of a triaxial or deviator stress, 
Py , to about 90 per cent of the maximum 
mobilizable stress. Thereafter, a creep 
phase of testing is performed in five 
stages with the creep strain rate being 
reduced successively to ;4, of the previous 
strain-rate and finally to a value of 
100.000 Of normal triaxial testing strain- 
rates. The creep strain-rate was held 
constant at each stage until the deviator 
stress under strain control loading backed 
off by stress-relaxation to a stable equilib- 
rium sustained stress value for that 
strain-rate. The length of time to reach 
equilibrium conditions, as noted in Fig. 
10(a), increased considerably at the 
lower strain-rates. The creep strain-rate 
of joo000 normal is of the order of the 
very slow creep rates which may be 
expected to occur in natural clay de- 
posits. 

There are a number of important facts 
concerning creep phenomena which 
should be recognized and understood. 
First, the equilibrium sustained creep 
strength is strain-rate dependent. Sec- 
ond, an equilibrium sustained creep 
stress is possible at each strain-rate level 
with creep continuing indefinitely at that 
rate to final failure. Third, the sustained 
creep stress in Fig. 10(6) tends by the 
curved relationship toward a rather 
definite minimum yield value. Fourth, in 
a Mohr stress circle analysis in Fig. 10(c) 
for total stresses under “closed system” 
conditions, the creep failure envelope for 
joooo9 Normal strain rates falls con- 
siderably below the maximum failure 
envelope for normal testing strain rates. 
Fifth, this creep phenomenon cannot be 
attributed to a serious breakdown of soil 
structure by shearing disturbance effects 
at this shearing displacement but repre- 
sents a stress-relaxation characteristic of 
creep in clay and organic soils. Figure 
10(a) shows in a rerun test phase at 
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normal testing strain rates immediately 
after the creep phase that the maximum 
shearing strength is still fully mobiliza- 
ble. Sixth, it is evident that cohesion and 
angle of friction are not stable inherent 
properties of clay and organic soils, as 
supposed, but are subject to stress-re- 
laxation influences. Furthermore, cohe- 
sion cannot be separated strictly from 
friction because cohesion is really only a 
“memory” of a previous prestressed 
friction state. Seventh, it becomes evi- 
dent that shearing failure occurs under 
creep conditions when the accumulated 
creep displacements exceed a value where 

“slip plane pattern” is finally fully 
developed with an accompanying perma- 
nent loss of some shearing strength. By 
ignoring creep conditions, a factor of 
safety of 1.4 using an indicated shearing 
strength of 0.43 tons per sq ft on the 
maximum failure envelope of Fig. 10(c) 
would be completely wiped out under 
creep conditions with a mobilizable sus- 
tained creep shearing strength of 0.30 | 
tons per sq ft, and failure would be 
inevitable when the creep strains have 
accumulated to such magnitude as to 
develop the failure slip plane pattern 
with the sustained creep shearing stress 
never rising above the creep level. 

In view of these considerations, a 
fundamental concept may be stated that 
if the sheafing stresses at the toe of a 
slope or embankment can be kept with a 
reasonable factor of safety of 1.25 to 
1.50 below a value where creep cannot 
proceed at strain rates greater than 
Normal, then creep shearing 
displacements would not accumulate to 
sufficient magnitudes within the lifetime 
of a structure to initiate the final stages 
of failure by a mass slide, provided that 
no new or unaccounted for conditions 
developed not covered by the above 
margin of safety. 

Mr. Joun H. ScHMERTMANN’? (by 


10 Assistant Professor, Civil Engineering 


Dept., University of Florida, Gainesville, Fla. 
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letter) —The many contributions of this 
very interesting paper by Mr. Crawford 
include a possible new method for the 
computation of Hvorslev’s effective, or 
“true,” friction component of soil 
strength, @.. This method offers the 
tremendous advantage of obtaining ¢. 
from a single undrained test with pore- 
pressure measurements. Jf valid, the 
present difficulty of obtaining the neces- 
sary group of identical test specimens 
would be overcome, and the testing of 
natural soils for @, and ¢, would be prac- 
tical. The Hvorsley components would 
then be freed for use in the practice of 
soil engineering. In view of its potential 
importance, this discusser herein further 
examines the validity of the proposed 
method of determining ¢, . 

Conforming to the author’s definitions 
and notation, the following is a deriva- 
tion of another expression for tan ¢’ to 
be used in subsequent discussion: 


— 
tan ¢’ = F tan am = F tan | sin™ _—— 
+ 


Fa, — 


In an axial compression, triaxial test 


Substitution of Eq 2 into Eq 1 gives 


1 a 


Since F > 2 and 6; > (6: — 4s); during 
the deviator stress range considered, this 


. (3) 


to be ap- 


permits V 62 + 
proximated by @; and Eq 3 is simplified 
to 


tan ¢’ 
2 
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Applying Eq 4 to two of the typical 
tests detailed in Fig. 1, and using the 
data in Table II with the assumption 
that ¢; = &., which is equivalent to 
assuming negligible Au developed during 
compression, the following comparative 
results are obtained: 


Values of ¢’, deg 
G., kg From Fig. 5 
Test No. | per sq 
cm F 

EST | percent | cat 
lator Deviator 

Stress Sarees 

96-4-2 .. 3 16.8 16.6 17.3 

96-4-4 .. 6 .F 17.0 17.1 


This agreement indicates that Eq 4 is a 
good approximation, and also that 
negligible pore pressure developed during 
the 0 to 50 per cent range of maximum 
deviator stress. 

A major portion of the author’s argu- 
ment to support his conclusion that the 
low-strain ¢’ and the Hvorslev @¢, are 
equal is that the computed values of ¢’ 
are approximately constant from 0 to 
50 per cent maximum deviator stress 
and are approximately independent of 
consolidation pressure in the normal 
consolidation range. “From Eq 4 it is 
obvious that ¢’ is approximately con- 
stant if ¢,; is approximately constant. 
This occurred in the author’s tests be- 
cause only small pore pressure developed 
during strain to 50 per cent maximum 
deviator stress. It may well occur with 
most cohesive soils. However, attaching 
a special true-friction significance to this 
pore-pressure behavior may be unjusti- 
fied. First, we must learn the reason for 
this behavior and then, if possible, relate 
it to a carefully defined friction or cohe- 
sion component. This has not been done. 

Replacing ¢; with ¢, in Eq 4, which is 
a reasonable approximation when Aw is 
small, makes tan ¢’ equal to the well- 
known c/p ratio. This ratio is often 
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shown graphically, on a semi-log plot 
with void ratio, as a parallel relationship 
between normal consolidating pressure 
and strength. It thus conveniently il- 
lustrates that the strength of normally 
consolidated clay is some constant pro- 
portion of the consolidating pressure. 
Since the clay also decreases in void 
ratio with increasing pressure, it presum- 
ably increases its true cohesion capabil- 
ity. Why then, if tan ¢’ = tan &, 
should true friction be the only variable 
determining this proportion? 

An additional argument against con- 
sidering ¢’ = @, is their inconsistency at 
zero strain. At this strain the shear 
strength mobilized to resist the external 
hydrostatic consolidation pressure is 
zero. The Mohr stress circle is a point on 
the ¢ axis. The sum of the true cohesion, 
ce, and the true friction, ¢ tan ¢, , com- 
ponents of soil strength mobilized at 
zero strain is then also zero. Since @ is 
equal to either c, = —6é, tan ¢, or 
both c, and ¢, are zero. Rejecting nega- 
tive values for cohesion or friction angle 
the conclusion is that @, must equal zero 
at zero strain. Again referring to Eq 4, 
which is exact at zero strain because F is 
infinite, we see that the defined @’ can- 
not be zero at zero strain. In Figs. 6 and 
7, the author shows @¢’ to have values 
from 15 to 18 deg at zero strain, but ¢, 
must be zero. 

This discusser considers that the 
author’s conclusions 2 and 5 are not 
substantiated. Consequently, the valid- 
ity of the suggested method for deter- 
mining the true strength components 
from a single undrained test is in doubt. 

As stated by the author in his quota- 
tion from Schmertmann and Osterberg 
(29), this discusser believes that the low- 
strain strength of a cohesive soil is pri- 
marily due to cohesion. In this reference, 
cohesion is defined as that component of 
mobilized shear strength, at any strain 


and with constant structure, which ap- 
pears independent of changes in effective 
stress. There is a great deal of evidence, 
both published" and unpublished, from 
the results of CFS-tests"® to support this 
opinion. 

Mr. C. B. Crawrorp (author’s clo- 
sure)—Mr. Schmid emphasizes the fact 
that in a series of consolidated undrained 
triaxial compression tests, each specimen 
is at a different water content and is 
therefore a different engineering mate- 
rial. In the author’s view this statement 
is valid only because the volume de- 
formation of a laboratory specimen under 
changing effective stress is probably 
much different than that of an element of 
soil in situ. Since effective stress param- 
eters c’ and @’ are not fundamental cohe- 
sion and friction components, it is clear 
that the more they depart from the 
equivalent fundamental components, the 
greater is the danger of misunderstand- 
ing. 

The argument that the Mohr-Cou- 
lomb failure theory does not apply for 
undrained tests on saturated clay at 
constant water content is not valid. Ac- 
cording to the “principle of effective 
stresses,” shearing resistance depends on 
the effective stress on the failure plane, 
and since in an undrained test at con- 
stant water content there is no change 
in effective stress (no matter what total 
stress is applied), there is correspondingly 
no change in shear strength. This concept 
has been explained by Rutledge,” and 

J. H. Schmertmann and J. R. Hall, Jr., 
“Cohesion After Non-Hydrostatic Consolida- 
tion,’’ Journal, Soil Mechanics and Foundations 
Division, Am. Soc. Civil Engrs., August, 1961, 
pp. 39-60. 

2 The CFS-test is a triaxial test especially 
devised to permit the determination of cohesion 
and friction as functions of strain. Details are 
presented in the references cited. 

13 P.C. Rutledge, ‘“Review of the Cooperative 
Triaxial Shear Research Program of the Corps 


of Engineers,” Waterways Experiment Station, 
Vicksburg, Miss. (1947). 
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the limitations of the ¢ = 0 analysis have 
been described by Skempton."* 

Mr. Schmid’s observations of water 
content variation in a specimen due to 
shear confirm those reported in the 
paper. This water movement will also be 
a test difficulty even though shear 
strength is not divided into cohesion and 
friction components. The objection to the 
term “deviator stress” is valid even 
though usage is well established in soil 
mechanics literature. 

Mr. Burmister draws attention to the 
important considerations of environment 
between test and prototype. This cannot 
be overemphasized. It may be the source 
of most of our difficulties. In particular, 
he points out the need in testing natural 
soils to reestablish the original prestress 
and confinement conditions that existed 
before sampling and then to observe the 
stress-strain response in the appropriate 
working stress region. It may be pointed 
out that since deformation depends only 
on changes in effective stress, the working 
stress region should be in terms of effec- 
tive stress. 

Mr. Burmister goes on to explain 
features of creep phenomena based on 
observations in terms of total stresses on 
a “closed system” or undrained test 
condition. His fifth point that “creep 
phenomena cannot be attributed to a 
serious breakdown of soil structure” is at 
variance with ideas expressed in the 
paper. The reason for this appears to be 
due to the difference in interpretation 
depending on whether total stress of 
effective stress information is available. 

Triaxial tests on Leda clay (unpub- 
lished) indicate that specimens can be 
subjected to unloading cycles or to creep 


4 A. W. Skempton, “The @ = O Analysis of 
Stability and Its Theoretical Basis,”’ Proceedings, 
Second International Conference on Soil Me- 
chanics and Foundation Engineering, Rotter- 

s dam, Vol. 1, p. 72-78 (1948). 

16 Definitions of Terms and Symbols Relating 
to Soil Mechanics, (D 653 — 58), 1958 Book of 
ASTM Standards, Part 4. 
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under constant load without significantly 
changing the ultimate shearing resistance 
in terms of total stress provided that 
times to failure are not significantly 
different. This confirms Mr. Burmister’s 
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observations in Fig. 10(@) and leads to 
his conclusion regarding structural break- 
down. If pore pressures are measured, 
however, it can be demonstrated that 
the development of pore pressure is 
directly related to strain (Fig. 2). The 
only explanation for this seems to be that 
the sensitive structure breaks down 
during shear strain causing local con- 
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solidation and creating pore pressures in 
the undrained specimen. If the variation 
in principal stresses, both total and effec- 
tive, for specimen 96-44 are examined 
in Fig. 11, it is seen that while the princi- 
pal stress difference in each case is the 
same at any particular degree of strain, 
the effective stresses are steadily decreas- 
ing. If effective stresses govern shearing 
resistance, how then can this resistance 
be maintained approximately constant 
while the effective stresses decrease? To 
explain this, the author has used the 
same concept as stated by Mr. Bur- 
mister, that “cohesion is really only a 
memory of a previous prestressed friction 
state.” 

Mr. Schmertmann shows arithmet- 
ically what the author attempted to 
demonstrate graphically in Fig. 8, 
namely, that the development of pore- 
water pressure has little influence on 
effective stresses during application of 
the first half of the maximum deviator 
stress. The author attaches no signifi- 
cance to the pore-pressure behavior 
during the test in attempting to separate 
friction from cohesion. All reasoning is 
based on computed effective stresses, 
assuming that the total stresses and pore 
pressures can be measured with reason- 
able accuracy. 

It is fortunate though that effective 
stresses remain relatively constant dur- 
ing initial loading, as this leads to the 
deduction that a frictional resistance is 
steadily developed due to strain on the 
potential failure plane. The author does 
not agree with Mr. Schmertmann that 
¢- must be zero at zero strain. ¢, is a 
property of the material that requires 
shear strain to develop it. The factor of 
safety was introduced to try to take 
account of the degree to which friction 
is developed with stress application. The 
author has published curves showing the 
development of computed ¢’ from 0 to 
35 deg as a function of strain (10). Of 
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course ¢’ should not be a variable, but 
the curves were used to illustrate the 
need to agree on a reasonable failure 
criterion that is compatible with strains 
in situ. To be precise, the curves of 
Figs. 6 and 7 should have been broken 
at very low strains as are the curves of 
Fig. 5. 

The author suggests that all shearing 
resistance is of a frictional nature and 
reserves the cohesion term for that por- 
tion of the frictional resistance which 
results from the “memory” of previous 
stresses and appears to be independent 
of applied effective stresses. These 
stresses are considered to be “locked-in” 
but are thought to decrease with time. 
Cohesion is attributed therefore to pre- 
stress with a superimposed time factor. 
Only the maximum possible cohesion is 
related to void ratio which is in turn 
dependent on stress history. To this 
extent the author’s concept of cohesion 
differs from that of Hvorslev. 

The unusual behavior of this soil is 
that it can maintain a particular shearing 
resistance while the effective stresses on 
the failure plane are reduced by more 
than one-half. The author suggests that 
an effort was made to “learn the reason 
for this behavior and then, if possible, 
relate it to a carefully defined friction or 
cohesion component.” The success of this 
reasoning is definitely a matter of 
opinion. 

It is true that the development of 
pore pressure up to one half maximum 
deviator stress has relatively little effect 
on effective stresses; é3 is reduced by 
only a little more than 10 per cent. Up to 
this point, then the test is almost a 
drained test, and since the effective 
stress on the critical plane is so high, the 
computed ¢’ angle is little affected by the 
small pore pressure change. It is the pore 
pressure change during application of 
the second half of the deviator stress that 
is important. During this period, 3 is 
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reduced by about 60 ner cent. The ques- 
tion is: Does this drastic change in effec- 
tive stress under applied deviator stress 
occur in the field in the same manner? 
The author’s contention is that it does 
not, that it is a test phenomenon, and 
that the interpretation and extrapolation 
of the laboratory test result should be 
given special consideration. 

By introducing the concept of factor 
of safety, the author has, in effect, in- 
ferred a straight-line stress-strain rela- 
tionship which is shown in the accom- 
panying Fig. 11 together with the test 
curve for specimen 96-4-4. Which curve 
more closely represents the relation be- 
tween stress and strain in situ? Which 
curve should be used to compute c’ and 
¢’? 

The author suggests that the actual 
relationship is closer to the “idealized 
curve” than to the “test curve.” This is 
not to say that the “idealized curve” 
represents exactly what happens in 
nature but to suggest that it is the best 
approximation until very near to failure. 
This is a judgment factor based on the 
knowledge that the stress-strain curve is 
displaced more and more from the 
“idealized curve” as sample disturbance 
increases and on the belief that slope 
creep is not a dominant property of these 
brittle, sensitive clays. Failure is usually 
sudden and catastrophic, whereas creep 
occurs slowly and under drained condi- 
tions. This would result in consolidation 
and increased strength. 

Referring to specimen 96-4-4, it is 
noted that at a strain of 0.2 per cent a 
deviator stress of 1.75 kg per sq cm has 
been applied and pore water pressure is 
0.55 kg per sq cm. Over this stress range, 
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both stress and pore water pressure are 
almost exactly proportional to strain. 
Pore pressure parameter A is equal to one 
third, exactly what it should be accord- 
ing to elastic theory. On further loading 
the proportionality of stress and strain 
does not apply but the increase in pore 
pressure continues to be proportional to 
strain until about 0.4 per cent strain. At 
this point, about 70 per cent of maximum 
deviator stress has been applied, and 
there is a drastic change in the ability 
of the specimen to resist the increase of 
major principal effective stress. It could 
be argued that the specimen had failed 
at less than 0.5 per cent strain. High A 
values are obtained in the laboratory 
only after large strains, and it is question- 
able if they have any practical signifi- 
cance in this material. 

The critical question concerning shear- 
ing resistance is whether fundamental 
cohesion and friction parameters exist. 
Can strength be divided into two com- 
ponents, one component depending on 
applied effective stress and a second 
component independent of applied effec- 
tive stress? Mr. Schmid thinks this can- 
not be done and is in favor of discarding 
the Mohr-Coulomb failure theory. This 
paper emphasizes the difficulty of inter- 
preting tests on sensitive clay in terms 
of the Mohr-Coulomb theory, but in the 
author’s view, this theory has too many 
advantages to warrant its discard at the 
moment. There is reason to believe that 
careful study of deformation in terms of 
effective stresses will result in satis- 
factory understanding of shearing re- 
sistance in clay in terms of the Mohr- 
Coulomb theory. 


QUANTITATIVE DETERMINATION OF SOIL MONTMORILLONITE 


By GEORGE R. GLENN! AND R. L. HAnpy? 


SYNOPSIS 


Montmorillonite exerts a strong influence on soil properties. X-ray diffrac- 
_ tion offers the best qualitative method for clay mineral identification because 
_ @-spacings are more or less specific for a particular mineral. Other tests are af- 
fected to some extent by all clay minerals present, and individual contribu- 
tions from each mineral are difficult to assign. 

Unfortunately, X-ray diffraction intensities depend not only on the per- 
centage of the reflecting crystals present but also on the absorption of X-rays 
by the sample and the amount of preferred orientation of the crystallites. 
Therefore special procedures are used to obtain random orientation in the 
sample holders. To correct for absorption caused by variations in sample 
packing and changes in composition, an internal standard was added and soil 
sample was mixed mechanically, and ground for 30 min. Diffraction intensities 
were then compared to those from the standard. The standard chosen was 
tetramethyl ammonium stannic chloride which has a strong diffraction at 
7.43 A, near to but not conflicting with those of the measured minerals. 

Calibration curves for montmorillonite and quartz are presented and 
percentages of these constituents are determined for the A, B, and C horizons 
of Iowa Wiesenboden, Brunizem, Gray-Brown Podzolic, and Planosol soils. 
The montmorillonite contents are discussed in relation to plasticity, grada- 
tion, glycol retention, and cation exchange data. 

Montmorillonite contents of air-dry, natural soils can be measured using 
X-ray diffraction with an internal standard, employing a correction for in- 
tensity variations due to interlayer water configuration. Correlations of per 
cent montmorillonite with plasticity index and with glycol retention are about 
4 on a par with analogous correlations between these data and 2- clay contents. 
7 Correlation of cation exchange capacity with per cent montmorillonite is 
- better than that obtained with 2-y clay. 


3 


X-ray diffraction offers the best quali- 
tative method for mineral identification 
in soils because d-spacings are more or 
less specific for a particular mineral. Un- 
fortunately, X-ray diffraction intensities 


* Presented at the Sixty-fourth Annual 
Meeting of the Society, June 25-30, 1961. 
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depend not only on the percentage of the 
reflecting crystals present but also on 
absorption of X-rays by the sample and 
the degree of preferred orientation of 
reflecting crystallites. Absorption error 
may be corrected by use of an internal 
standard; a special sample mounting 
technique may be used to minimize pre- 
ferred orientation. 

A standard Geiger counter diffractom- 
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eter geometry was adopted. Chart peak 
areas above background rather than 
peak heights were measured because of 
possible influences of variable peak 
broadening due to factors of crystallite 
size and lattice imperfections. 

Calibration curves using an internal 
standard may be prepared by analyzing 
samples of known mineral content. In 
this study quartz and montmorillonite 
were regarded as the two most important 
minerals present, and suitable curves 
were prepared for the (101) and (001) 
peaks, respectively. A soil montmorillo- 
nite was used for the standard curve. 
Glycolation of the montmorillonite was 
found to increase problems of preferred 
orientation, so air-dry samples were 
used. An investigation was made relat- 
ing montmorillonite intensity to mois- 
ture concent and mean (001) spacing 
and to study the need for a correction 
factor. 

As a check on the reliability of the 
X-ray method, several soil samples were 
analyzed. Since there is no other direct 
method for measurement of the percent- 
age of montmorillonite in soil, the X-ray 
data were correlated with various prop- 
erties such as plasticity, gradation, gly- 
col retention, and cation exchange 
capacity, all known to be strongly influ- 
enced by the amount of montmorillo- 
nite clay mineral. For comparison, the 
same properties were correlated with 
2-u contents of the same soils. 

No attempt was made to correct for 
intensity variations due to isomorphous 
substitution in the montmorillonite lat- 
tice, which can be evaluated only by 
elaborate purification and chemical anal- 
ysis. The X-ray study was conducted, 
recognizing that this factor could reduce 
the method to a semiquantitative analy- 
sis (1),3 but with the feeling that iso- 
morphous substitution would not be suf- 
ficient to invalidate the general findings 


3 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


of the research. To provide a rigorous 
test, the soil samples selected repre- 
sent A, B, and C horizons of a Bruni- 
zem, a Gray-Brown Podzolic, a Wiesen- 
boden, and a Planosol, all developed on 
Cary age glacial till in Iowa. The pre- 
dominant mineral in all the samples was 
montmorillonite, with no appreciable 
14-A mineral appearing after glycolation. 


Use oF INTERNAL STANDARD 


The development of a completely 
standardized technique for the quanti- 
tative analysis of soil mixtures is a most 
important consideration. The indirect 
analysis approach using an_ internal 
standard is dictated by the fact that the 
X-ray absorption properties of different 
soils are variable, unknown, and differ- 
ent from that of montmorillonite. The 
use of the internal standard corrects 
for variations in absorption (2). 

An internal standard must give few, 
strong diffraction lines close to but not 
conflicting with lines from the minerals 
to be measured. In addition, the crystal 
habit should avoid tendencies toward 
preferred orientations in the sample 
holder. These conditions are best met by 
the use of a standard that crystallized 
in the cubic system. 

For clay mineral work the standard 
should have an unusually large d-spac- 
ing. The standard chosen was tetra- 
methyl ammonium stannic chloride, 
which is face-centered cubic with a very 
strong (111) reflection at 7.43 A (3). 
This chemical is easily prepared in the 
laboratory (Appendix I*) (4). Disadvan- 
tages are a tendency to react with cal- 
cium carbonate when present in a moist 
soil, and a relatively high mass absorp- 
tion coefficient for copper Ka radiation, 
122 as compared to 35 for quartz. For- 
tunately a relatively small amount of 
internal standard was needed to give 
peaks comparable in area to those from 
major minerals in soil. A constant 


4 See p. 1286. 
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amount of the standard, 0.091 g, was 
added to each gram of soil for analysis 
and to known mixtures of minerals plus 
diluent for preparation of calibration 
curves. Reaction with calcium carbonate 


Quartz, 1/8 % 
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mortar and pestle for 2 hr and hand 
ground in a small agate mortar until all 
passed a No. 270 sieve. The measured 
amount of internal standard was then 
blended with each sample by means of 


Montmorillonite, 80% 


14 l2 
2 8, deg 


Minus two-Micron Soil Clay 


Internal 
Stondord 


26 12 


Soil Sample 


io 8 6 4 3 
2 8, deg 
Plus Internal Standard 


Line, 


Fic. 1.—Typical X-ray Diffraction Patterns, 
Area and Calculation of Mean d-spacing. 


was avoided with calcareous soils by 
analyzing immediately after mixing and 
with the soil air dry. 


X-RAY DIFFRACTION PROCEDURES 


Sample Preparation: 


All X-ray samples were air dried and 
quartered to reduce the sample size and 
mixed and ground by a motor-driven 


Showing Location of Baseline for Measurement of - 


a 30-min grinding period. In most in- 
stances, three slides of each sample were 
prepared for X-ray analysis. Mont- 
morillonite and other clay minerals, ; 
being sheet-like, show a tendency toward 
preferred orientation in a sample holder. 
Although preferred orientation is useful iL 
for increasing intensities from the basal 
spacings, it was found that it is not 
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readily reproducible. Preferred orienta- 
tion was avoided in the present study 
by use of open sample holders loaded 
from the back (5). Sample holders are 
Brown & Sharp 12-gage aluminum with 
a 2-in. hole. For loading, the holder is 
taped face down on a glass slide, and 
material is sifted in from the back, com- 
pacted with the edge of a spatula, and 
struck off flush with a razor blade. After 


additional material is sifted on, the 
sample is compacted with a piston load 
of 75 g and again struck off. A glass slide 
is taped to the back for additional sup- 
100 " 
| 
80}- 8s = 
7 “ 
§ 
© 60 66 
40 144 
a 
20 22¢ 
8 
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Area Quartz 
Area Internal Standard 
Fic. 2.—Quartz Standard Calibration Curve. 


port, and the front slide is untaped and 
carefully lifted to expose the sample. 


Diffractometer: 


Analyses were made on a General 
Electric XRD-5 X-ray unit utilizing 
copper Ka radiation and a 4-deg viewing 
angle, 1-deg beam slit, MR soller slit, 


_ 0.2-deg detector slit, 2 deg (26) per min 


scan rate, 3-sec time constant, 1 in. per 
min chart speed, and a linear ratemeter 
response of 2000 cps for a full-scale de- 
flection. 

The crystallite size of montmorillonite 
is fine enough to cause considerable 
broadening of the diffraction line, par- 
ticularly in the basal reflections because 


of the plate-like nature of the clay par- 
ticles. Therefore diffraction peak area 
instead of peak height was used as a 
measure of intensity. The peak areas 
were measured by planimeter and repre- 
sent the total count above a background 
line drawn as a smooth curve through 
the mean of the low points adjacent to 
the peak. Illustrative background lines 
are sketched in Fig. 1. 

Because the montmorillonite basal 
d-spacing is variable, the mean d-spacing 
was determined by a vertical line 
through the diffraction peak centroid, 
splitting the peak area in half (Fig. 1). 


CALIBRATION CURVES 
Quartz: 


A standard curve for measurement of 
the amount of quartz in soil was deter- 
mined from known mixtures of quartz 
plus diluent plus internal standard. The 
quartz reference was crushed Ottawa 
sand separated by water elutriation to 
obtain 5 to 10-u size material. Alpha 
alumina (Al,O3) was used as diluent. 
The calibration curve for the strongest 
quartz line, dio, = 3.35 A, is presented 
in Fig. 2. 


Montmorillonite: 


A reference sample of soil montmoril- 
lonite® was obtained by dispersing in 
distilled water a noncalcareous C-horizon 
loess sample (sample 46-1) from the 
Marshall Series in Page County, Iowa, 
and pipetting aliquots to obtain repre- 
sentative minus 2-y material. The cation 
exchange capacity of this clay is 57.4 
meq per 100 g (6) with calcium the 
major adsorbed cation and minor sodium 
and potassium. 

X-ray analysis showed the soil clay to 
be montmorillonite and quartz, with no 
other recognizable peaks. Use of internal 
standard and the quartz calibration 
curve (Fig. 2) indicated that the quartz 


5 bp = 8.98 A, from (060) peak. 
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content was in the neighborhood of 18 
per cent. For preparation of the mont- 
morillonite calibration curve the mont- 
morillonite content was therefore taken 
as about 80 per cent. The initial cali- 
bration curve for air-dry untreated 
montmorillonite (001) peak areas was 
prepared in the same manner as that 
for quartz, by adding measured amounts 
of Al,O; diluent and the internal stand- 


ard. 
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Fic. 3.—Montmorillonite Area Versus d-spacing. 
Samples: 80 per cent soil-montmorillonite 


15.0 
Mean d- Spacing A 


with variable water content. 


Data points: Areas measured above back- 
ground of diffraction pattern, recorded at 2000 
eps and 1 in. per min, Mean d-spacings deter- 
mined from centroids of areas. 


The montmorillonite calibration curve 
showed considerable point scatter, per- 
haps related to the variable moisture 
content. Several paths were open: to 
glycolate the samples or control their 
moisture contents to try to obtain some 
structural uniformity in the interlayer; 
or to relate intensity to moisture content 
or d-spacing so as to develop a correction 


factor. 


Glycolation, although ostensibly the 
simplest remedy, introduced other prob- 
lems. Much difficulty was experienced in 
obtaining random orientation; once ran- 
dom orientation was obtained the mont- 
morillonite peak heights were reduced to 
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about one half and the areas to about 
one fourth at the values obtained with 
air-dry samples. Glycolated samples con- 
taining calcite reacted unfavorably with 
the internal standard, which is at home 
in an acid environment. 

To check on the possibility of a system- 
atic relationship of peak intensity to 
moisture content, water was added 
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Fic. 4.—Montmorillonite Area Multiplier 
Versus d-spacing. 
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Fic. 5.—Standard Calibration Curve for Soil 
Montmorillonite. 


manually to the air-dried mineral, and 
24 X-ray patterns were made without 
the addition of an internal standard. 
The montmorillonite peak areas were 
found to vary depending on moisture 
content, reaching a maximum when the 
interlayer spacing was approximately 
14.8 A (Fig. 3) and the water content 
was between 8 and 9 per cent. 

Based upon the relationship of Fig. 3, 
an area correction curve was drawn as 
shown in Fig. 4. Area data for the mont- 
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morillonite calibration curve were cor- 
rected by noting the mean d-spacings 
and multiplying by the appropriate cor- 
rection factors from Fig. 4. The mont- 
morillonite calibration curves before and 
after correction are shown in Fig. 5. 
That this adjustment is valid is shown 
by the reduced point scatter for the cor- 
rected curve. 

An implication of the diffraction area 
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but does not precisely coincide with any 
of the structures hypothesized. 


SoILs 


The first application of the X-ray 
montmorillonite analysis method was to 
study horizons of modal Brunizem, 
Wiesenboden, Gray-Brown Podzolic, and 
Planosol profiles developed on late Wis- 
consin (Cary) glacial 1 till in central Iowa. 


r TABLE I.—SUMMARY OF FINDINGS. 


C.E.c. % By Xray Berber tim 
le No. Qtz tmi tt} Pi | 
Brunizem | 1 | 39 |36|25| 267 | 629 | 43 | 9 |40| 30| 10 
Clarion | | 43/31 216 | 672 | 40 | | 37 | 20| 17 
P-97 @ | 38 |44|18| 419 | 615 | 40} 135 20) 15 
Wiesenboden |4 | 26 39/35) 431 | 770 | 35 | 13 |54| 39 | 15 
Webster | cic | 5 | 33 |33 | 34| 306 | 899 | 65 | 22 | 42 | 26| I6 
PA37 | © | 40 |36 | 24| 333 | 772 | 28 | 18 | 39 | 24] 15 
Podzolic 7 | 30 18| 128 | 410 | 38 | 8 | 25/20] 5 
Hayden | 8 | 32 |34| 34) 236 | 918 | 39 | I9 | 47/23 | 24 
P-401 | 9 | 34 |44 |22| 321 | 675 | 38 | 18 | 33/24] 9 
Pianosol | |10| 27 |55 | 18) 13.1 | 374 48 | 3 | 3 
Ames |,<..,|'! | 34 |26 | 40| 259 | 925 | 48 | 224 47/25 | 22 
P-568 |wccli2| 47 |28 |25| 344 | 456 | 45 | I6 | 27] 16 | II 


Sand ~ Porticle sizes > b. Silt Particle sizes 2 through 50s ¢.Clay— Particle sizes< 
Notes: | Texture-USDA. System, lo-loam, ci-clay, si-silt, sa-sendy. 2. Soll frection, C.E.C. date ofter Cordosa (8) 


maximum occurring at a d-spacing of 
14.8 A is that this may represent a 
maximum state of ordering of interlayer 
water. This also is reflected in increased 
peak sharpness as this interlayer spacing 
is approached. The (001) distance from 
a sample heated to 300 C for 2 hr was 
found to be 10.0 A, indicating an effec- 
tive interlayer spacing of 4.8 A for 
water. Several configurations for inter- 
layer water in calcium montmorillonite 
are suggested by Barshad (7); the 4.8 A 
is in the proper range for a double layer 


Soil samples were made available by 
the Department of Agronomy, Iowa 
State University, and use was made of 
available particle size and cation ex- 
change data (8). 

In most instances three samples of 
each soil were mounted and X-rayed. 
Quartz (101), montmorillonite (001), and 
internal standard (111) diffraction peak 
areas were measured. The ratio of each 
quartz area to area of the internal stand- 
ard was computed, and the percentage of 
quartz was read from Fig. 2, using the 
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average ratio from two or three deter- 
minations. The mean d-spacing for each 
montmorillonite area was established, 


Clay Less than 2 yu, per cent 


252 5 10 5 20 25 30 35 40 
| e 
(a) | 4 
20 
| | | 
2 15 (4 — 
10 72 4 | 
2 ge T 
a | Two-Micron Clay 
100 - - ; 
x0 227,208) | | 7 


Glycol per g Clay, mg 


n 
= 


off 
| 


o 5 © 6 2 2 3% 35 40 


Montmorillonite in Soil, per cent 


100g 


me 


Cation Exchange Copacity, 


Fic. 6.—(a) Plasticity Index Versus per cent 
Montmorillonite, (6) Per Cent Montmorillonite 
Versus Glycol Retention, and (c) Per Cent 
Montmorillonite Versus Cation Exchange Ca- 
pacity. 


Open circles indicate montmorillonite; closed 
circles indicate less than 2-y clay. 


from which a multiplier was determined 
using Fig. 4; this multiplier was applied 
and the adjusted area was expressed as 
a ratio to that of the internal standard, 
and the percentage of montmcrillonite 
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read from Fig. 5, using the average of 
two or three determinations. The meas- 
ured percentages of montmori!lonite and 
quartz are shown in Table I. 


CORRELATIONS 


Montmorillonite is believed to be the 
primary mineral influencing many soil 
properties; therefore, plasticity index 
data, ethylene glycol retention data, and 
cation exchange capacities were plotted 
against montmorillonite contents in Figs. 
6(a), (6) and (c) respectively, and the 
coefficients of correlation calculated. For 
comparison the relationships between 
these properties and the percentage of 
minus 2-y clay are presented in the same 
graphs with their coefficients of correla- 
tion. Because both x and y values are 
measured subject to error, the best fits 
are obtained when the curves and equa- 
tions describe the bisector of the acute 
angle between lines of regression of x 
on y and y on x, determined by the 
method of least squares. 


Plasticity Index: 


Figure 6(a) shows a graph relating plas- 
ticity index® to the percentage of mont- 
morillonite and of minus 2-y clay’ (Ta- 
ble I). For plasticity index versus mont- 
morillonite, the equation believed to 
best describe the data is 


y=x-— 155, 


the coefficient of correlation r being equal 


®The plasticity index was determined by 
ASTM Method of Test for Liquid Limit of 
Soils (D 423-59T) and ASTM Method of 
Test for Plastic Limit and Plasticity Index of 
Soils (D 424 — 59), 1958 Book of ASTM Stand- 
ards, Part 4. 

7Clay content data for the Iowa soils are 
after Cardosa (8), who used a pipet method. 
Duplicate 10-mg samples were treated with 
hydrogen peroxide to destroy organic matter 
and placed on an end-over-end shaker for 24 
hr, using sodium hexametaphosphate as dis- 
persing agent. The less than 2-4 clay was de- 
termined with a 25-ml pipet at 10 em depth, 
using the proper time interval according to 
Stokes’ law. 
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to 0.70. A value of + 1.0 indicates per- 
fect correlation and a value of 0 indicates 
no correlation. 

Similarly, the best fit for plasticity 
index versus 2-y clay content is 


y = 0.84 x — 8.8, ve = 
with r equal to 0.77. a 


Slopes of the two lines indicate that, 
in general, plasticity index is influenced 
more by the montmorillonite content 
than by the total 2-4 clay because of 
dilution with other less plastic minerals 
(9). The x intercepts suggest that a 
minimum montmorillonite content of 
1.5 per cent or a minimum total clay 


TABLE II.—COEFFICIENTS 
OF CORRELATION. 


Correlation Coeffi- 
cient, r, Versus 


Property 
Montmor- 
cl 
dllonite | Content 
0.07 0.49 
0.35 0.84 
Plasticity index........... 0.70 0.77 


content of about 10 per cent is required 
for these soils to indicate a plasticity 
index; below these limits the soil will 
tend to be nonplastic. 

The coefficients of correlation are com- 
parable. Perhaps pertinent is the fact 
that the limits from which the plasticity 
index is calculated correlate better with 
clay content than with montmorillonite 
content, as shown in Table II. : 


Glycol Retention: 


Upon exposure to a vapor of ethylene 
glycol, the interlayers of montmorillo- 
nite tend to absorb the molecules and 
expand to a uniform d-spacing. An 
equilibrium amount of ethylene glycol 
is retained under conditions of vacuum 
and with an available free glycol surface. 
Glycol retention was measured for the 
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various soil samples by the method of 
Martin (10) as modified from Dyal and 
Hendricks (11). Data are given in Table 
I. 

The curves of glycol retention versus 
montmorillonite content and clay con- 
tent are shown in Fig. 6(6). The former 
may be approximated by the equation 


y = 3.2 x4 23. 


The correlation coefficient is 0.81. By 
extrapolation of the curve, the y inter- 
cept indicates that the glycol retention 
for a similar soil with no montmorillo- 
nite would be about 23 mg per g. A 
value of 31 mg per g has been reported 
for pure muscovite (10). Similarly, ex- 
trapolation to 100 per cent montmoril- 
lonite gives a glycol retention value of 
340 mg per g, compared with values of 
260 to 295 for various bentonites (10). 

The equation for glycol retention ver- 
sus per cent clay (Fig. 6(d)) is 


y = 28x — 5.6, 


with a correlation coefficient of 0.84. 
Thus, as in the case of plasticity index, 
glycol retention is influenced more by 
montmorillonite content than by total 
clay, but is related to either about 
equally well. - 


Cation Exchange Capacity: 


Cation exchange capacities in Table I 
represent the total of exchangeable hy- 
drogen determined by the barium ace- 
tate method plus calcium, magnesium, 
and potassium removed by treatment 
with a neutral ammonium acetate solu- 
tion.’ Data are given in Table I. Cal- 
cium dominated exchange positions in 
all soil samples. 

Plots of cation exchange capacity ver- 
sus percentages of montmorillonite and 
of 2-u clay (Fig. 6(c)) show considerable 
point scatter. The correlation coefficient 


8 Cation exchange capacity data are from 


Cardosa (8). rey, 
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for cation exchange capacity versus clay 
content is only 0.24, and no curve is 
shown. A better correlation was found 
between cation exchange capacity and 
montmorillonite content. The estimated 


equation for the curve is 
y=142x%+4+ 8.3. 


Extrapolation of this curve gives a cation 
exchange capacity of 8.3 meq per 100 g 
for similar soil with no montmorillonite, 
and a cation exchange capacity of 150 
for 100 per cent montmorillonite; how- 
ever, little significance should be at- 
tached to these values because of the 
low coefficient of correlation, r = 0.40. 


2 w Clay Content: 


The correlation coefficient for per cent 
montmorillonite versus 2-u clay is 0.70. 
The equation obtained as before, assum- 
ing random errors in both measurements, 
is y = 0.8x — 7.2. Considering clay con- 
tent as the independent variable, the 
line of regression of y on x is y = 0.56% 
— 0.74, or almost through the origin. 
Forcing the curve through the origin 
gives y = 0.53x. Data are too limited 
and points too scattered to determine 
which is the most appropriate equation. 
The latter would indicate that average 
clay fractions of central Iowa soils are 
about one-half montmorillonite, whereas 
the former would indicate that the pro- 
portion of montmorillonite in the clay 
fraction tends to be progressively higher 
in more clayey soils, that is, B horizons. 
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CONCLUSIONS 


1. Montmorillonite content of air-dry 
natural soils can be measured by X-ray 
diffraction with an internal standard, 
employing a correction for variation of 
intensity due to configuration of inter- 
layer water. 

2. The correlations of percentage of 
montmorillonite with plasticity index 
and with glycol retention are about on 
a par with analogous correlations be- 
tween these data and 2-u clay contents 
by pipet analysis. The correlation of 
cation exchange capacity to percentage 
of montmorillonite is considerably better 
than the correlation with 2-u clay con- 
tent. 
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PREPARATION OF TETRAMETHYL AMMONIUM STANNIC CHLORIDE 


A 10 percent solution of tetramethyl 
ammonium hydroxide is titrated to neutral- 
ity with dilute (about five per cent) hydro- 
chloric acid, giving the following reaction: 


(CH;)4NOH + HCl — [N(CH;),|Cl + 
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Addition of anhydrous stannic chloride liq- 
uid forms tetramethyl ammonium stannic 
chloride crystals, according to the following 
equation: 


2[N(CHs)4JCl + — [N(CHs)«]o-SnCle 


X-RAY DIFFRACTION PATTERN DATA FOR SOILS 
SoilProfile | Graph |Montm.| Mean |Adjusted|internalS 
No. &Depth, in. |PlotNo.| Area, Au A Area,Au |R 
om | ' | | | | | | $8 
4 14 
6 |. 8 i287 
8 | 38 | ¢ | 
12 os 097 | s2e 1524 
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Mr. J. E. MitcHeE (by letter).\—The 
authors are to be commended for their 
contribution to the complex problem of 
clay mineralogy and especially the 
quantitative determination of montmo- 
rillonite. It would have been interesting 
had the authors made a correlation be- 
tween montmorillonite content as deter- 
mined by Differential Thermal Analysis 
(DTA) and X-ray diffraction. DTA has 
somewhat the same difficulties as X-ray 
diffraction in effect of particle size, ad- 
sorbed cations, adsorbed water, etc., but 
when applied to the limited number of 
samples the authors used, these effects 
would have been more or less constant 
throughout the series, and a good cor- 
relation might have been obtained. A 
better correlation might have been ob- 
tained from the plasticity index (PI) had 
the tests been made on soil which had 
not been allowed to air-dry. Studies at 
the Waterways Experiment Station in- 
dicate that the values for the liquid 
limit of a soil containing montmorillo- 
nite change with the elapsed time after 
the addition of water to the air-dry soil. 
Unless this elapsed time of rehydration 
is kept constant for each test, the liquid 
limit values are often erratic. 

Messrs. GEORGE R. GLENN AND R. L. 
Hanpy (authors’ closure by letter)—We 
sincerely appreciate Mr. Mitchell’s eval- 
uation and would like to add that indeed 
in the late phases of the investigation 
parallel studies were undertaken with 
DTA, first with bentonites and later 
with the soil samples used for X-ray 


1 Chief, Soils Test Section, Embankment and 
Foundation Branch, Soils Div., U. 8S. Army 
Engineer Waterways Experiment Station, 
Vicksburg, Miss. 
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diffraction. Excellent results with the 
calcium and sodium bentonites? indicate 
a satisfactory DTA methodology, but 
results with the soil samples were not so 
impressive. 

Prior to DTA, all samples were kept 
four days in vacuo.over a solution which 
gave 50 per cent relative humidity at 
room temperature. First, endothermic 
peak areas, characteristic of the sorbed 
water, were measured. Due to depletion 
of samples only eight of the soils were 
tested, so correlation coefficients are 
rather poorly estimated. 

The r for DTA peak area versus 
plasticity index (PI) is —0.59, indicating 
a negative slope to the curve and a very 
poor relationship. However, r for DTA 
versus plastic limit is 0.81, higher than 
for either X-ray or clay content analysis. 
The r for DTA versus glycol retention 
is 0.39, which is lower than r = 0.90 
from X-ray analysis of the same eight 
samples. Therefore DTA of prehumidi- 
fied natural soils does not appear to give 
as good a quantitative measure of soil 
montmorillonite as X-ray diffraction, 
probably due to variability of the ad- 
sorbed cations. Pretreatment to obtain 
monoionic soils and remove organic 
matter would probably improve correla- 
tions. 

Changes in liquid limit with elapsed 
time after wetting are also the rule with 
Iowa montmorillonitic soils; therefore 
soils were wet above the liquid limit and 
dried down for the tests. 

2J. G. Laguros, L. L. Reign, and R. L. 
Handy, “Effect of Exchangeable Calcium on the 
Low Temperature and Endothermic Reaction 
of Montmorillonite,’ to be presented at the 


Forty-First Annual Meeting of the Highway 
Research Board, Jan. 8-12, 1962. 
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DISCUSSION 
- 


soils appears promising. 


The solutions of many basic engineer- 
ing problems involving soils require a 
knowledge of soil behavior that may 
often best be gained through model stud- 
ies and other laboratory investigations. 
Among such problems of current interest 
are the determination of pressures on 
buried structures, the prediction of the 
response of foundations to dynamic loads, 
the analysis of off-the-road vehicle per- 
formance, and the understanding of stress 
wave propagation in soils. Rather than 
pertaining to specific soils, these prob- 
lems usually are general in scope; hence, 
it is desirable to use several representa- 
tive soils in the investigations. Further, 
the properties of the test soils must be 
controllable, reproducible and consis- 
tent. Obtaining a variety of natural soils 
is difficult, but even if the natural soils 
were readily available, they would not, 
in general, meet the above criteria. In 


* Presented at the Sixty-fourth Annual Meet- 
ing of the Society, June 25-30, 1961. 

1 Associate Research Engineer and Labora- 
tory Engineer, respectively, Soil Mechanics Sec- 
tion, Armour Research Foundation, Chicago, 


A STUDY OF ARTIFICIAL SOILS* 
By E. T. Setic! anp R. D. Rowe! 


SYNOPSIS 


A study of artificial soils was undertaken, the purposes of which were to 
_ determine (1) the variety of properties that can be obtained with artificially 
prepared soils, (2) the reproducibility and stability of these properties, and 
(3) the extent to which these properties resemble those of natural soils. Soils 
synthesized from clay minerals, non-clay soil minerals, and water, ethylene 
glycol, or mineral oil in many different combinations were examined using 
; standard soil identification procedures: (1) Atterberg limits, (2) Harvard 
miniature compaction, (3) unconfined compression, and (4) triaxial compres- 
sion. It is concluded that artificial soils may be prepared which exhibit a 
wide variety of natural soil properties that are reproducible and stable. For 
general laboratory studies not requiring a specific natural soil, particularly 
where a standard soil is desired for purposes of comparison, the use of artificial 


view of these difficulties, the study dis- 
cussed in this paper was undertaken to 
determine if the characteristics of nat- 
ural soils could be satisfactorily simu- 
lated in the laboratory by artificial soils 
which would be homogeneous, ade- 
quately controllable, and possess repro- 
ducibility and stability over a range of 
properties. 

In engineering prdblems involving 
soils, many widely different soil proper- 
ties—permeability, plasticity, consolida- 
tion, swelling, shear strength, density, 
stiffness—are encountered. The import- 
ance of eachof these ina given problem de- 
pends upon the nature of that problem. It 
is improbable that one could synthesize 
a “universal” soil capable of exhibit- 
ing any range of property values pre- 
scribed to suit a given problem. It is prob- 
able, however, that one could synthesize 
a group of soils capable of exhibiting the 
range of values of those soil properties 
most important to a given problem, with 
other properties unspecified. The pur- 
poses of this present study have been to 
determine (1) the variety of properties 
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that can be obtained with artificially 
prepared soils, (2) the reproducibility ond 
stability of these properties, and (3) the 
extent to which these properties resemble 
those of natural soils. First, a search was 
conducted for ingredients which could be 
used to create artificial soils having the 
desired properties. Attention primarily 
was focused on materials present in nat- 
ural soils, although other materials were 
considered. Soils synthesized from many 
different combinations of the selected in- 
gredients were then examined to deter- 
mine their properties using several stand- 
ard soil identification procedures: (1) At- 
terberg limits, (2) Harvard miniature 
compaction, (3) unconfined compression, 
and (4) triaxial compression. The findings 
of the search and typical test results with 
the artificial soils are discussed in the fol- 
lowing sections of this paper. 

Among the many possible applications 
of artificial soils, there are a number 
which appear promising. Used as stand- 
ard soils, they are a particularly valuable 
tool in design and development for com- 
paring the effectiveness of various types 
of equipment, such as that for cutting, 
compacting and traversing soil. Com- 
parative analyses of this type are fre- 
quently best carried out, especially in 
the preliminary stages, on small models 
under the carefully controlled laboratory 
conditions possible with artificial soils. 
The concept of a soil tank for evaluating 
the performance of off-the-road vehicles, 
analogous to wind tunnels for airplanes 
and towing tanks for ships, has been pro- 
posed by the Army Ordnance Land 
Locomotion Research Laboratory, where 
several types of artificial soils have al- 
ready been used for this purpose (4).? 
The availability of several standard soil 
types should also provide the most satis- 
factory means of calibrating and com- 
paring different typesof soil testing equip- 

2? The boldface numbers in parentheses refer 
to the list of references appended to this paper. 
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ment, for training laboratory personnel 
in the proper techniques of soil testing, 
and for teaching the fundamentals of soil 
behavior. 

Although not called “artificial soils,” 
a few types of these materials have al- 
ready been used by many investigators 
in fundamental studies of soil behavior 
(5,6) and in model studies of various 
structural-soil interaction problems (7,8). 
One of the apparent limitations of the 
artificial soils is that the structure of un- 
disturbed natural soils, built up by na- 
ture over a long period of time, cannot 
easily be duplicated, if at all. But many 
of their characteristics can equally well 
be studied with remolded soils and, in 
addition, many problems involve re- 
molded soils, in which cases this limita- 
tion no longer exists. It seems reasonable 
to believe that if one prepares an artificial 
soil from entirely natural soil ingredients, 
it can be just as much a real soil as a nat- 
ural remolded soil, the principal differ- 
ence being the degree to which the ma- 
terial has been broken down before being 
remolded. 


ARTIFICIAL Sort INGREDIENTS 


The principal ingredients of soils, taken 
as a whole, may be broadly classified into 
four groups: (1) clay minerals, princi- 
pally montmorillonite, kaolinite, and il- 
lite, (2) non-clay minerals, such as silt, 
sand, and gravel, (3) organic matter, 
such as vegetation and its by-products, 
and (4) a liquid, which is primarily wa- 
ter, but which may contain a number of 
substances in solution. In this study, in- 
gredients were selected to represent all 
of these groups except the third—organic 
matter. That they be prevalent in nat- 
ural soils was not necessarily used as a 
criterion for selecting them because some 
of the individual characteristics of soils 
can be simulated by non-soil constitu- 
ents. Except for liquid ingredients, how- 
ever, only minor consideration was given 
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to non-soil constituents in this study of 
artificial soils. Aside from the difficulty of 
finding suitable materials, there were two 
reasons for this: (1) a selection of suitable 
clay minerals, silts, and sands was found 
to be readily available, and (2) the un- 
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clay is a mixture containing 75 per cent 
kaolinite with the remainder illite, mont- 
morillonite, and silicon dioxide. The de- 
scriptions of these materials are given in 
Table I. 

Two types of sand were obtained for 


certainty as to the validity of soil be- use in this study: a natural, whole- 
TABLE I.—CHARACTERISTICS OF CLAY MINERALS. 

Mineral. ..... Volclay—also so- | Ohio H-W weath- | Florida plastic | OM-4 Kentucky 
dium, western, ered bond B fire kaolin. ball clay. 
Wyoming, or 8. clay. 

Dakota bento- 
nite. 

Supplier...... American Colloid | Harbison-Walker Edgar Plastic Kao- | Kentucky-Tennes- 
Co., Skokie, Illi- Refractories lin Co., Edgar, see 0., 
nois. Co., Pittsburg, Florida. Mayfield, Ky. 

Pa. 

Source....... Wyoming or South | South Webster, | Edgar, Florida. Kentucky old mine 
Dakota. Ohio. 

Mineral con- 

a waeee 92-95 per cent so- | Primarily illite. Better than 99 per | Approx. 75 per cent 


illonite. 
Preparation...| Airfloated. 
Atterberg lim- 
LL = 437, PL = 
47 
PI = 390,SL = 6 
Particle size...| 80-90 per cent 
smaller than 0.5 uw 
Specific grav- 
2.90 
ee White when dry, 


dium montmor- 


light tan when 
wet. 


Washed, not air- 
floated. 


— PL = 
1.0 

PI 18.0, 8L = 
13.4 


94 per cent less 
than 105 


2.75 

Light gray when 
dry, darker 
when wet. 


cent kaolinite. 


Airfloated. 


2, PL = 


Pi 99.4,8L = 
22.8 


38 per cent less 
than 0.5, 92 per 
cent less than 
104 


2.66 
White. 


kaolinite — re- 
mainder illite, 
montmorillonite, 
feldspar, and 
quartz. 
Airfloated. 


1.3 

PI = 31.3, SL = 
21.6 


: 


2.69 

Tan when dry, me- 
dium brown 
when wet. 


havior predictions is greater for artificial 
soils made of non-soil constituents than 
for artificial soils made of natural-soil 


constituents. 


Four commercially available clay min- 
erals were selected for this study to repre- 
sent the three principal clay mineral 
groups: Wyoming bentonite is 92 to 95 
per cent sodium montmorillonite, the fire 
clay is primarily illite, the kaolin is better 
than 99 per cent kaolinite, and the ball 


grained, silica sand from sandstone de- 
posits in Ottawa, IIl., and a natural river 
sand from the Chippewa River, Wis. The 


particle size distributions for these ma- 


terials are given in Fig. 3. The shape of 
the grains is shown by the photographs 
in Fig. 1. These may be compared to 
more angular crushed silica and to manu- 
factured spherical glass beads shown in 
Fig. 2. A finely ground silica sand, nor- 
mally referred to as silica flour, was ob- 


- 
| 
re 


(a) River sand. 
Fic. 1.—Natural Sands Magnified 20 Ti 


(6) Ottawa sand. 


(a) Crushed silica. (l) Glass beads. 
Fic. 2.—Artificial Sands Magnified 20 Times. 
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Fic. 3.—Grain Size Distribution of Ottawa and Chippewa River Sands. 
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Fic. 4.—Grain Size Distribution of Silica Flour. _ 
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7 
tained to represent silt. The particle size 
distribution of this material is given in 
Fig. 4. 

In addition to water, two other liquid 
constituents were used in this study of 
artificial soils: ethylene glycol (C2H¢O.), 


specific gravity 1.113, and a DTE light 
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used in evaluating these soils so that the 


characteristics could be most easily and _ 


meaningfully compared with those of nat- _ 
ural soils. 


Atterberg Limits: 


In this study, the liquid limit, plastic 


Glycol 


os 
430 Ball Clay 
\ —-—- Fire Cloy 380 
—— Silico Flour 
110-4 110 
\ 
100-4. 100 100 ++ 
1 
90 90 90 
f\ Fs 
J 
= f \ rd 3 H 
70k = 70 £ 70}-+ 
a 4 rit 4 
5 60 % 60} 
a \ 8 \ 
A PNY so}! 
» ' 
' 
40 4of VA 40 
30 wi 30 x 30 
Lr: a 
\ / \ \ 
10 \ 10 F 10 
Woter Oil Ethylene Water Oil Ethyléne Water Oil Ethlene 
Glycol Glycol 


Fic. 5.—Comparison of Atterberg Limits for Soils Using Several Liquids (For Comparison, All 
Liquids Were Assigned a Specific Gravity of 1). 


mineral oil of paraffinic nature, specific 
gravity of 0.85. 


CHARACTERISTICS OF ARTIFICIAL SOILS 


The artificial soils were prepared by 
mixing, in various proportions, the in- 
gredients described. A few of the possible 
combinations have been selected to dem- 
onstrate the range of characteristics 
which can be obtained. Standard soil | 
identification tests (1,2) were carefully 


limit, and plasticity index were deter- 
mined for each of the clay minerals alone 
and for the silica flour using water, 
ethylene glycol, and mineral oil as liquids. 
Atterberg tests were also performed on 
three-component mixtures using two so- 
lid ingredients and water. The purpose 
of these tests was to show how the indices 
vary with a change in per cent of each of 
the solid constituents. 


The bentonite clay was the most diffi- — 


cult to work with. At its very high liquid 
limit (437), it had a smooth, soft, butter- 
like consistency. At low water contents, 
it was sticky and adhered strongly to the 
tools and dishes. Heat was generated by 
a chemical reaction when ethylene glycol 
was mixed with bentonite. Also, it was 
found that, when a mixture of bentonite 
and ethylene glycol was allowed to stand, 
some of the glycol separated. Therefore, 
this artificial soil was not a stable one. To 
a lesser extent the same thing occurred 
for mixtures of glycol with other clays. 

The results of the tests for clays and 
silica flour alone mixed with each of the 
three liquids are shown graphically in 
Fig. 5. The silica flour was indicated to 
be non-plastic. Since the comparison of 
moisture contents of soils in which sev- 
eral liquids of different specific gravity 
are used cannot be meaningfully made on 
a weight basis, the quantities of the vari- 
ous liquids involved in the Atterberg 
limits were related to the corresponding 
quantities of water on a volume basis, 
and then expressed as percentages by 
weight for a hypothetical specific gravity 
of 1. The most striking change in plas- 
ticity occurred with bentonite when the 
water was replaced by the other liquids. 
With water, bentonite had a plasticity 
index of 390, but with ethylene glycol it 
was 23.4 and with oil it was essentially 0. 
In addition, oil added to fire clay gave a 
non-plastic mixture with a gritty con- 
sistency, almost like that of wet sand. 
When the silica flour was mixed with oil, 
both liquid and plastic limits were ob- 
tained and the mixture exhibited the 
small amount of plasticity characteristic 
of clayey-silts. With both water and 
ethylene glycol, however, the silica flour 
alone had the characteristics of a pure 
silt. 

Typical Atterberg limits for various 
blends of ball clay and fire clay with wa- 
ter are shown in Fig. 6(a) and for ball clay 
and silica flour with water in Fig. 6(0). 
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The Atterberg limits were found to be 
approximately equal to the weighted av- 
erage of those for each of the constituents 
based on the per cent by weight of each 
in the mixture. That is, a line connecting 
the Atterberg limits of the individual so- 
lid constituents (at zero and 100 per cent 
on the ordinate scale in Fig. 6(a) and 
6(b)) reasonably approximated the data 
for mixtures of the two. When mixed with 
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(a) Ball clay-fire clay-water mixtures. 
(b) Ball clay-silica flour-water mixtures. 


Fic. 6.—Atterberg Limits for Various Blends. 


clay and water, the silica flour exhibited 
an “apparent” plasticity as shown by the 
extrapolated dashed lines in Fig. 6(0). 
This did not occur with sand in the sand- 
clay-water mixtures. 


Harvard Miniature Compaction: 


In order to study the compaction char- 
acteristics of the artificial soils, the Har- 
vard miniature compaction apparatus 
was used. The suggested method (2) for 
determining moisture-density relation- 
ships of soils using this apparatus was 
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Fic. 7.—Moisture-Density Curves for Various Clays with Water. — 
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Fic. 8.—Moisture-Density Curves for Ball Clay Mixtures with Water. 
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followed, except that a different compac- 
tive effort was used. It was found that 
the best procedure for compacting most 
of the specimens was to use five layers 
with 10 tamps per layer from the com- 
paction hammer containing a 20-lb 
spring. For a few of the materials mixed 
with small percentages of oil or ethylene 
glycol, especially bentonite, there were 
some voids and stratification in the sam- 
ple after molding, indicating the desir- 
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minerals mixed with water are compared. 
In the order of fire clay, ball clay, kaolin, 
and bentonite, the optimum moisture 
content increased while the maximum 
density increased. 

Figure 8 shows both the wet-density 
and dry-density curves for 100 per cent 
ball clay, 50 per cent ball clay - 50 per 
cent Ottawa sand, and 50 per cent ball 
clay - 50 per cent silica flour mixtures 
with water. This figure shows that in the 


ability of a greater compactive effort. 
Rather than change the compactive effort 
for these few cases, these imperfections 
were tolerated. 

Typical results of the compaction tests 
are shown in Figs. 7, 8, and 9. As for the 
Atterberg limits, when liquids other than 
water were used they were assigned a spe- 
cific gravity of 1 in computing the liquid 
contents. It may be seen in the figures 
that the optimum “moisture” con- 
tent is clearly defined for all of the mix- 
tures used. In Fig. 7, the moisture- 
density curves for each of the four clay 


12 \ 
pan 
108 
/ / 
3 
rE thylene Gi 
& 104 
2 
y, — 
96 
92 
20 24 2 3 36 40 44 48 52 


Moisture, per cent 


a Fic. 9.—Moisture-Density Curves for 100 per cent Ball Clay with Several Liquids. 


order of pure clay, clay - silica flour, and 
clay-sand mixtures, the optimum mois- 
ture content decreased while the maxi- 
mum density increased. The optimum 
moisture content for the clay-sand mix- 
ture based only upon the dry weight of 
clay present was almost identical to that 
for the pure clay, indicating that the wa- 
ter was essentially associated with the 
clay fraction only. In the case of the clay - 
silica flour mixture, the optimum mois- 
ture content was associated with both 
fractions. In Fig. 9, the effect of the 
different liquids on the moisture-density 
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Fic. 10.—Unconfined Compression Load Deformation Curves for 50 per cent Ball Clay-50 per 
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Fic. 11.—Relationship Between Unconfined Compressive Strength and Moisture Content for 
Several Ball Clay Mixtures with Water. 


be 4 
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curves is shown for the unblended ball 
clay. In the order of water, ethylene gly- 
col, and oil, the optimum liquid content 
increased while the maximum density 


decreased. ar 0.1 in. per min. Each specimen was 
: - Joaded until the soil sheared or until the 
Unconfined Compression: 


strain reached 20 per cent, whichever oc- 


The artificial soil specimens for the un- 
confined compression tests were prepared 


1298 - SELIG AND ROWE ON ARTIFICIAL SOILS 


with the Harvard miniature compaction 
apparatus with a diameter of 1.31 in. and 
a height of 2.82 in. The rate of loading 
was maintained as closely as possible at 


curred first. In all except a few tests at 
relatively high liquid contents, well de- 
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fined shear planes developed, especially 
for the soils mixed with oil. 

Unconfined compression load - defor- 
mation curves for an artificial soil com- 
prised of 50 per cent ball clay and 50 per 
cent silica flour with water at a range of 
moisture contents are shown in Fig. 10. 
This set of curves is typical of that ob- 
tained for each of the other artificia! soils 
tested. As the liquid content increased, 
the load required for failure increased 
until it reached a maximum, and then fell 
off with additional liquid content. 

The relationship between the uncon- 
fined compressive strength and the per 
cent liquid content for several artificial 
soils typical of those tested is shown in 
Figs. 11, 12, and 13. The figures show 
that there was a particular liquid content 
at which the strength was maximum and 
that this liquid content, in every case, 
was less than the optimum value based 
upon the moisture-density tests. The 
shape of these curves is characteristic of 
remolded soils where the liquid content 
during mixing is the same as that at 
which the sample is to be tested. How- 
ever, when water is used, the sample may 
also be prepared at a higher liquid con- 
tent and the desired amount arrived at by 
allowing the excess water to evaporate 
uniformly. In this case, if the soil has 
plasticity, low final moisture content will 
generally result in higher strengths than 
those obtained when drying back is not 
done. This fact is illustrated by the points 
above the curves in Fig. 11. This phe- 
nomenon has also been observed with 
natural soils by Baver (3) and others. Ap- 
parently it is not possible to distribute 
small amounts of moisture evenly to all 
of the clay particles and to orient them 
for maximum cohesion unless the clay is 
first saturated and then dried out. 

Figure 11 shows that there was only a 
10 per cent difference in maximum 
strength between the pure clay and mix- 
tures of 50 per cent clay with either 50 
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per cent sand or silica flour. This indi- 
cates that the clay was still the predom- 
inant factor in determining the properties 
of mixture. Figure 12 illustrates that the 
maximum strength that can be obtained 
for any of the soils with ethylene glycol 
as the liquid is greater than that which 
can be obtained with oil, and that with 
water the strength is greater than with 
either of the other two liquids. Figure 13 


compares the strength curves for the four P 


clays mixed with water. The maximum > 
strength of each was about the same, but 
occurred at different water contents. 


Triaxial Compression: 


Unconsolidated, undrained triaxial 
compression tests were performed on a 
variety of the artificial soils ranging from ‘ 
100 per cent clay to 100 per cent sand. 
The only liquid used was water, and the E 
moisture contents chosen were approxi-— 
mately those at maximum density. Ex- 
cept for the mixtures entirely of sand, the 
triaxial specimens were molded in the 
Harvard miniature compaction appara- 
tus in the same manner as for the uncon- 
fined compression tests. The sand speci- 
mens were prepared in a mold the same > 
size as the Harvard mold by successively — 
dropping a small weight from a given | 
height onto a disk resting on the top of 
the sand. The weight, drop height, num- 
ber of drops, and number of layers used 
were varied to change the density of the — 
compacted specimen. 

The axial compression loading rates 
were held between 0.01 and 0.02 in. per 
min, and the axial load and deformation 
of the cylindrical specimens were re- | 
corded at periodic intervals of strain 
throughout the test. Each specimen was 
tested at several lateral pressures with 
two identical tests generally being run at 
each pressure. All specimens containing 
less than 50 per cent sand showed well- 
defined shear planes at failure. The speci- 
mens containing 50 per cent or more 


| 


sand merely bulged iaterally. The Mohr 
failure stress circles for these tests have 
been given in Figs. 14(@) to 15(c) to show 
the range of values of cohesion, c, and 
angle of internal friction, ¢, which can be 
obtained. 

For 100 per cent ball clay specimens an 
approximate failure envelope fitted to 
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mated that c = 22 to 25 psi and@ = 3 
to 8 deg. For 25 per cent ball clay-75 
per cent Ottawa sand (Fig. 15(a)) c = 8 
psi and @ = 24 to 26 deg. 

The results for 100 per cent dry Ottawa 
sand and for 100 per cent dry river sand 
are shown in Figs. 15(6) and 15(c), re- 
spectively. It is known that the angle of | 


$=4deg 
4 


Uncontined Compression Test 
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¢ Uncontined Compression Test | 


40 


(a) 100 per cent ball clay. 


the circles (Fig. 14(a)) shows ag = 4 deg 
and c = 17 psi. In this case the estimate 
of cohesion from the unconfined compres- 
sion test was low. For 75 per cent ball 
clay - 25 per cent Ottawa sand (Fig. 
14(b)) it is estimated that c = 29 to 40 
psi and @ = 0 to 7 deg. These values are 
considerably higher than those for the 
100 per cent ball clay specimens. This 
strength increase was probably due, in 
part, to the fact that there was a lower 
liquid content based upon the proportion 
of clay present (see Fig. 11 for change in 
strength with change in moisture con- 
tent). For 50 per cent ball clay - 50 per 
cent Ottawa sand (Fig. 14(c)), it is esti- 


Normal Stress, psi 


(b) 75 per cent ball clay and 25 per cent Ottawa sand. 
(c) 50 per cent ball clay and 50 per cent Ottawa sand._ 


Fic. 14.—Mohr Failure Circles for Triaxial Tests. 
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internal friction of sands is a very sensi- 
tive function of the density of the ma- 
terial. For this reason it was felt that, 
rather than drawing an envelope for a 
number of failure circles, a better esti- 
mate of the true @ would be obtained by 
determining the @ for each individual 
circle, assuming c = 0, and plotting the 
results as a function of density. The re- 
sulting relationship between density and 
¢ is shown in Fig. 16. It is apparent from 
this figure that ¢ is sensitive to changes 
in density. It is felt that much of the 
scatter of data in Fig. 16 is because the 
density of the specimen was not measured 
to an accuracy of better than 1 per cent. 


4 
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(a) 


26 


c*8psi 


103.7 
\ 
40 80 120 160 200 240 
Normal Stress, psi 
(a) 25 per cent ball clay and 75 per cent Ottawa sand, 
(ce) Dry Chippewa River sand. 
Fic. 15.—Mohr Failure Circles for Triaxial Tests. 
grains are smoother and more regular 
t—— 4 t ++ than those of the river sand (Fig. 1). 
Since the shear strength of sand changes 
| [Chippewa River / so significantly with changes in density, 
iy = / T in order to obtain reproducible and con- 
36 } a | sistent test results the density must be 
Mixing and Stability: 
28 et During the course of this program, a 
= As + 4 few studies were made to determine the 
best way of mixing the artificial soils and 
to determine the stability of mixtures 
| against change over a period of time. 
Most of the artificial soil samples pre- 


Density, Ib per cu ft 


Fic. 16.—Relationship Between Angle of In- 
ternal Friction and Density for Dry Sand. 


It may also be noted from Fig. 16 that, 
for a given density, the @ for the river 
sand is higher than that for the Ottawa 
sand, This is because the Ottawa sand 


pared were mixed by hand, using a spat- 
ula and a mortar and pestle. Experience 
with this method showed that it was best 
to thoroughly mix the solid ingredients 
first and then to add the liquid. How- 
ever, hand mixing was limited to small 
amounts of material. When quantities of 
more than 1 lb of artificial soil were de- 
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sired, mixing by hand involved consider- 
able effort and time, and when water was 
the liquid component, there was uncon- 
trollable loss of moisture during this time 
due to evaporation. 

Mechanical mixing was first attempted 
with a bench-type, rotary mixer using a 
mixing bowl. This type of mixer was 
satisfactory for blending the dry ingredi- 
ents, but when the liquid was added, the 
clay lumped into balls, some as large as 2 
in. in diameter, and the liquid was not 
distributed uniformly. A mulling type 
mixer tried next was found to be more 
satisfactory. The clay and sand were 
mixed together, dry, for about 3 min. 
The liquid was then slowly added 
through a funnel at the top. Following 
this, the soil was mixed (about 15 min) 
until it reached a uniform consistency 
and color. No large lumps formed with 
this method. 

The effect of changes in water content 
on some of the properties of soil has been 
shown in the previous sections. If a sam- 
ple of soil containing water is exposed to 
air during the test, water will evaporate 
from it causing an undesirable change in 
its properties. Furthermore, if the soil is 
to be reused, this water must be replaced. 
In order to overcome this disadvantage 
when using water, light machine oil and 
ethylene glycol, non-volatile liquids at 
normal room temperature, were tried as 
the liquid constituents. 

Although ethylene glycol does not 
evaporate, mixtures of clay and glycol 
appear to be unstable over a period of 
time. It has already been pointed out 
that when such mixtures are left undis- 
turbed, some of the ethylene glycol comes 
to the surface. There has not been enough 
opportunity to find out for what range of 
liquid content this phenomenon occurs or 
at what rate. Based upon the results of 
the unconfined compression tests, it is ex- 
pected that a change in properties is as- 
sociated with such a change in liquid con- 
tent; hence, the ethylene glycol may not 
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have any advantage over water as the 
liquid ingredient of soil. Oil, on the other 
hand, appeared to exhibit stability over a 
period of time. An artificial soil consisting 
of 50 per cent ball clay and 50 per cent 
Ottawa sand, with an oil content of 22 
per cent based upon the dry weight of the 
clay and sand, showed no change over a 
period of six months. 

The use of water is not necessarily 
ruled out when stability over a period of a 
few days is all that is required. When the 
size of the artificial soil test specimen is 
small and when the soil will not be re- 
used, the surfaces exposed to air may fre- 
quently be coated with grease or petrola- 
tum to curtail drying. This technique 
was used in this program in carrying out 
the unconfined compression tests of the 
artificial soils containing water. For some 
of the cases where the soil will be reused, 
it may be satisfactory to cover the ex- 
posed surfaces with a thin, flexible rub- 
ber or plastic membrane. In other in- 
stances it may be possible to carry out 
the tests in a closed chamber in which 
properly controlled humidities can be 
maintained to prevent water in the soil 
from evaporating. 


SUMMARY AND CONCLUSIONS 


The purpose of the study discussed in 
this paper has been to investigate the 
properties of artificially prepared soils to 
determine their value as a research tool 
for soil mechanics studies. Except for 
some of the liquids tried, the ingredients 
of the artificial soils used were all ob- 
tained from natural soils. In examining 
these artificial soils, standard soil identi- 
fication tests were used so that their soil 
characteristics could be most easily and 
meaningfully compared with those of 
natural soils. 

It has been demonstrated that a wide 
range of such soil properties as plasticity 
and cohesion, can be achieved with these 
artificial soils. A similar range of proper- 
ties could be obtained with a proper se- 
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lection of natural soils, but not as con- 
veniently, although, if one were willing to 
sacrifice a little versatility or flexibility, 
the latter may be the more economical 
solution when large quantities of soil are 
required. 

Perhaps the most important question 
that arises in the use of artificial soils is, 
do these soils behave like real soils. Be- 
cause of the wide variety of natural soil 
types that exist it does not appear too 
difficult to develop ones that do. In this 
study it was shown that artificial soils 
could be prepared which would exhibit 
the same characteristics as natural re- 
molded soils. This certainly does not 
prove that they can be used as a substi- 
tute for natural soils in all respects, but 
the results do look encouraging. 

The extent of reproducibility is basi- 
cally determined by how similar to the 
original material are additional materials 
that can be obtained or prepared. The re- 
producibility of the artificial soils has 
been found to be extremely good; that of 
the natural soils is usually less so unless 
enough soil is obtained initially to cover 
all of the tests to be carried out and if it 
is thoroughly remixed to form a uniform 
batch. 

The major factor in determining con- 
trollapility is how close one can come to 
achieving desired values of any soil prop- 
erties with the materials available. The 
best chance is with the artificial soils, for 
which great flexibility has already been 
demonstrated. Since the properties are a 
continuously varying function of the 
proportion of the ingredients present, it 
is to be expected that any value within 
the extremes exhibited by the individual 
constituents can be obtained. A greater 
variety of choices is usually available 
with artificial soils than with natural 
soils. Even with this flexibility, there are 
probably only a few characteristics that 
can be independently prescribed to be 
achieved with a single artificial soil. It 
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would not be practical to try to duplicate 
all of the properties of a particular soil. 
Instead, it is best to obtain some of that 
soil, itself, for the experiments. 

Concerning stability, it is known that 
the properties of a natural soil will vary 
over a period of time, if only because the 
water content changes. Operating under 
a high humidity or covering the soil sam- 
ples during the test are suggested in this 
paper as a means of eliminating this prob- 
lem for a short period of time. Where 
these methods are not adequate, there is 
the possibility of using artificial soils 
mixed with a non-volatile fluid instead of 
water. Two such liquids were considered 
in this program, oil and ethylene glycol. 
It was found that over a period of a few 
days, some of the glycol gradually sepa- 
rated from the mixture and, hence, this 
soil was not stable. But the soils contain- 
ing oil did not change over a period of six 
months, providing an apparently stable 
mixture. 

Obtaining homogeneity does not pose a 
problem for either remolded natural soils 
or artificial soils. It is only necessary to 
mix the soils thoroughly enough before 
using it and to set up the specimen prop- 
erly. Natural undisturbed soils will have 
to be accepted with whatever degree of 
homogeneity they possess. 

An attempt has been made to set forth 
and justify the concept of artificial soils 
as a tool for use in the field of soil me- 
chanics. Much more still needs to be 
learned about these materials, but it is 
hoped that the results contained herein 
will be useful and that further investiga- 
tions of this subject will have been stimu- 
lated. 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
SOIL DYNAMICS 


The impetus to study soil dynamics is due mainly to the increased speeds _ ' 
and loads of present-day vehicles affecting highway subsoils and also to q 
the practice of dynamic precompaction of subsoils. The eight papers in 
this publication discuss many of the current concepts in the areas of stress- 
deformation-time relationships and test instrumentation and measurement. 

The symposium, sponsored by Subcommittee R-9 on Dynamic Properties 
_ of Soils of Committee D-18 on Soils for Engineering Purposes, was held on 7 
_ Monday, June 26, 1961, during the second session of the Sixty-fourth An- 

nual Meeting of the Society at Atlantic City, N. J. ve 
_ Mr. Rockwell Smith, Association of American Railroads, presided over 
: session, and Mr. R. K. Bernhard, Rutgers University, was Symposium 
Chairman. 


The papers included in the Symposium are: 7 


a 


Introduction—R. K. Bernhard 

Biaxial Stress Fields in Noncohesive Soils Subjected to Vibratory Loads—-R. K. Bern- 
hard 

Stress-Deformation Relations for Soft Saturated Silt Under Low-Frequency Oscillating — 
Direct-Shear Forces—F. J. Converse 

Performance of Embedded Pressure Gages Under Static and Dynamic Loadings—- ; 
A. J. Durelli and W. F. Riley 

Facilities for Dynamic Testing of Soils—G. K. Sinnamon and N. M. Newmark 

The Damping Capacity of Some Granular Soils—-G. F. Weissmann and R. R. Hart 

Testing Procedures for Model Footings and Presentation of TRADEX Site Data— 
John A. Alai 

Dynamic Loading Machine and Results of Preliminary Small-Scale Footing Tests— 
R. W. Cunny and R. C. Sloan 

Bearing Capacities of Dynamically Loaded Footings—S. Shenkman and K. E. McKee 

General Discussion 


These papers with discussions were issued as ASTM Special Technical 
Publication No. 305, entitled “Symposium on Soil Dynamics.” 


in 
= «ales 
1305 


SUMMARY OF PROCEEDINGS OF THE SESSION ON ROAD AND 
_ PAVING MATERIALS AND SYMPOSIUM 
ON MICROVISCOMETRY 


In the volume four general papers are given with discussion that were _ 
presented at the thirty-seventh session on June 29. The evaluation of 2 
bituminous highway mixtures is an involved subject and encompasses the | 
study of many properties which have significant effect upon performance. ‘ 
- Also included is a Symposium on Microviscometry presented at the 

_ thirty-ninth session on June 30 during the Sixty-fourth Annual Meeting 

of the Society held in Atlantic City, N. J. The sliding plate microviscometer 
appears to have considerable promise as a suitable type of apparatus for the 
measurement of this very significant property. 

Mr. J. O. Izatt, Shell Oil Co., Inc., presided over the thirty-seventh © 
session and Mr. A. B. C ornthwaite, The Asphalt Institute, presided —_ 
the thirty-ninth session. 


Papers on Road and Paving Materials 


A Laboratory-Field Study of Hot Asphaltic Concrete Wearing Course Mixtures— _ 


Joseph F. Goode and Elliott P. Owings 


The Significance of Variation in Asphalt Content of Paving Mixtures—J. Hode Keyser — a, 


and N. G. Gaudette 

Immediate Core Volume by Presaturation—L. E. Santucci and R. J. Schmidt 

Air Permeabilities of Asphalt Concrete—T. C. Hein and R. J. Schmidt 

Measurement of Asphalt Viscosity with a Vacuum Capillary Viscometer—J. J. Heit- — j 
haus 


The papers comprising the Symposium are: 
Symposium on Microviscometry 


Introduction—C. L. Monismith 


Measurement of the Consistency of Paving Cements at 140 F with the Sliding Plate © 
Microviscometer—D. F. Fink and R. L. Griffin 

The Precision of Measurements with the Sliding Plate Microviscometer—D. F. Fink z 
and J. J. Heithaus 

The Rheology of Asphalt-Filler Systems as Shown by the Microviscometer—R. Ss. 
Winniford 

Effects of Viscosity in Bituminous Construction—Verdi Adam 

Changes in Asphalt Viscosities During the Thin Film Oven and Microfilm Durability a 
Tests—Woodrow J. Halstead and Joseph A. Zenewitz 


_ These papers with discussion are issued as Special Technical Publication 
No. 309 entitled “Papers o1 on Road and Paving Materials and Symposium ; 
on Microviscometry.” 
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SYNOPSIS 


erties. 


STRUCTURAL METALS* 


By E. P. Kirer! AND VOLKER WEISS? 


_ Cylindrical sharp-notch tension specimens of gross section sizes up to 2 in. 
_ in diameter have been tested at room temperature. Steel, titanium, and alumi- 
num materials in both strengthened and softened structural conditions have 

_ been examined to establish the effect of test specimen size on the notch prop- 


The changes in notch geometry at the point of fracture initiation have been 
studied as function of specimen size for unalloyed titanium. Limited test data 
are offered to show that notch geometry changes must play an important role in 


the phenomenon of size effect. 


Crack development in the cylindrical notched specimens is discussed at 


length. It is shown that the notched specimens separate first near the base of 
the sharp notch but that final separation for concentrically loaded specimens 


_ results ultimately from the nucleation of an internal fracture probably due to 
ductility exhaustion which propagates to separation of the specimen. 


During the past several years the 
growing need for increasingly high- 
strength notch-tough thin-section mate- 
rials for rocket and space vehicle appli- 
cations has been emphasized. Paralleling 
this development has been an increasing 
need for materials with high strength 
and notch toughness in heavy sections. 
It would seem that the fracture problems 
in both light and heavy sections are 
closely related and ultimately may be 
encompassed within the same theoret- 
ical framework, but this can be prac- 
tically meaningful only if the model laws 


*Presented at the Sixty-fourth Annual 
Meeting of the Society, June 25-30, 1961. 

' Professor of Metallurgy, The Catholic 
University of America, Washington, D. C. 

2 Associate Professor, Chemical and Metal- 
lurgical Engineering, Syracuse University, 
Syracuse, N. Y. 
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governing crack propagation are soundly 
developed. This means that detailed 
descriptions of the conditions under 
which cracks form and grow—not at 
present available—must be developed. 
The purpose .of the present work is to 
offer a preliminary study of the changes 
in notch properties and crack develop- 
ment that occur in selected structural 
materials in low- and _ high-strength 
conditions as the section size is changed. 

In all, a heat-treated steel, alloyed and 
unalloyed titanium, and low- and high- 
strength aluminum materials have been 
examined in the cylindrical notch tension 
test at room temperature, for sizes vari- 
ously ranging up to diameters of 2 in. 
The effects of heat-treating cycles were 
studied for the steel and the fracture 
development was examined for all con- 
ditions, 


_ THE EFFECT OF SECTION SIZE ON THE NOTCH STRENGTH ~ 
AND FRACTURE DEVELOPMENT IN SELECTED 
| 


_Kurer anp WEIssS 


TABLE I.—COMPOSITIONS IN PER CENT OF MATERIALS INVESTIGATED. 


| 
Material ph Sulfur Silicon 4 Iron 35 
2 
Titanium 150-A ....... 0.04) ... 0.35 .. 
0.24/0.011 
Titanium, unalloyed.... |0.07| w* .|0.012/0.10/0.0017 
0.11/0.0017 
| Other, 
Manga- | Chro- Iron + Ma Titan- > 
Material mium | | citicon Zinc Aluminum 
Aluminum 7075-T6 0.30 | 0.18 | 0.7 ... [1.2 | 2.1 | 5.1 | 0.20) balance 0.15 
(nominal composition) 0.40 2.0] 2.9 | 6.1 
Aluminum 1100-0 (nomi- 
nal composition) . . . 1.0 |0.20 0.10) ... | 99.0 min | 0.15 


e "Spee analysis: 0.01 per cent < w < 0.1 per cent. 
0.001 per cent < vw < 0.01 per cent. 


Total Length 


ttonhead citting Jest, INotch Base 
diam | diam diam 
| 
Fitting | Test in. 
Length “Section Section 
Length Length 

Specimen dimensions in inches for 4340 steel: 
Test section diameter (plotted diam)........... 0.300 0.500 1.100 1.500 
Fitting section diameter. .................... 1.99 1.99 
Buttonhead diameter..................- 0.5 0.75 2.99 2.99 
Total length. . 1.5 3.0 6.0 6.0 

Specimen dimensions | in " inches for aluminum and 

titanium materials: 

Test section diameter (plotted diam)........... 0.300 0.500 0.900 1.400 2.000 
0.212 0.353 0.635 0.990 1.413 
Fisting section 1.99 1.99 
3.0 6.0 6.0 6.0 


Fia. 1.—Notch Tension Specimen Dimensions. 
EXPERIMENTAL PROCEDURE and two titanium alloys were tested. 
The compositions of these materials are 
given in Table I. 

All materials were supplied as forged 
bar 3 in. or slightly larger in diameter. 


Materials: 


A 4340 steel heat treated to selected 
strength levels, two aluminum alloys, 
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Steel Heat Treatments: 
In the hardening of the 4340 steel 


three austenitizing treatments were 
differentiated as follows: 
1. “Conventional heat treatment” 


consisting of austenitizing at 1550 F for 
4 hr followed by oil quenching. Temper- 
ing followed immediately. This treatment 


is designated in the graphs as 1550 (4) 
OQ. 

2. “Two-step treatment” consisting 
of austenitizing at 1550F for 4 hr, fol- 
lowed by furnace cooling to 1350F, 
holding for 1 hr, and oil quenching. 
Tempering followed immediately. This 
treatment is designated as 1550 (4) FC 
1350 (1) OQ. 

3. The “Lockheed treatment” as 
specified in ‘Lockheed Process Bulletin 
220-M” (1),° consisting of austenitizing 
at 1625 F for 2 hr, normalizing, reheat- 
ing to 1525 F for 2 hr and oil quenching. 
(The retained austenite stabilization 


| 3 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 
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treatments specified were not used.) This 
treatment is designated as 1625 (2) AC 
1525 (2) OQ. 

It was expected that tempering time 
would influence the notch strength, and 
this factor was investigated for times of 
1, 4 and 12 hr, at the temperatures 
entered in the figures. 


= 
= 
= 
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Fic. 2.—Concentric Test Fixture with ors. 


Notch Test Specimens: 


The test specimens were oriented in 
the rolling direction. For all specimen 
diameters the notch was the 50 per cent 
60-deg V notch with a maximum notch 
root radius of 0.001 in. The steel speci- 
mens were heat treated in a rough ma- 
chined condition and were finish ma- 
chined after heat treatment. 

Several sizes of notch buttonhead ten- 
sion specimens were used (Fig. 1). For 
steels the testing capacity available did 
not permit fracturing of ductile 2-in. 
diameter specimens. 

Tension Testing Procedure: 
Specimens were loaded in the adaptors 
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Fic. 3.—Notch Strength Versus Hardness 
with Tempering Time as Parameter for the In- 
dicated Austenitizing Treatments; 4340 Steel, 
1.1-in. Diameter Notch Specimens. 


350 000 T T T T 


300 000} 

a 

: 

250 

2200 000}- 

2 

150 000-4305 LI 15 indiometer 
8 @ 1550 (4)00 
O 1625 (2)AC 1525 (2)00 
4 & 4 1550 (4)FC 1350(1) 00 


Ol © 1550(4)00 


1625 (2)AC 1525 (2) 00 
e 1550 (4)FC 1350(!) 

Tempering Time, 4hr 
7) 

lL 
400 600 800 1000 


Tempering Temperature, deg Fohr 


(a) Notch strength versus tempering tem- 
perature with specimen diameter as parameter. 

(b) Fracture ratio versus tempering tempera- 
ture for 1.1-in. diameter notch tension speci- 
mens. 

Fic. 4.—Notch Properties of 4340 Steel Ver- 
sus Tempering Temperature. 


illustrated in Fig. 2 at room temperature 
at a loading rate corresponding to < 
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Fic. 5.—Notch Strength Versus Specimen 
Size for the Indicated Terapering Temperature 
with Austenitizing Treatment .as Parameter. 
Tempering time, 4 hr; 4340 steel. 


no-load crosshead movement of 0.02 in. 
per sec. All specimens were aligned at 
the start of the test to be equidistant 
from the columns in the testing machine. 


Fracture Examination: 


Fracture surfaces were examined and 
steel specimen fractures were photo- 
graphed. (A report of these fractures has 
been prepared (2) and in limited measure 
circulated. However, the report is not 
generally available.) A limited number 
of these fracture photographs are pre- 
sented in the present paper. All fracture 
surfaces were examined for shatter 
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cracks, an example of which is given in 
Fig. 16(0). 


Hardness Surveys: 


Hardness measurements were com- 
pleted on the test section for all steel 
specimens as a check of properties vari- 
ations through the sections. The average 
of the measurements is entered in the 
figures. An example of the indentation 
array taken is given in Fig. 16(0). 
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(a) Titanium materials (notch specimens). 
(b) Aluminum materials (smooth and notch 
specimens). 


Fic. 6.—Strength Versus Specimen Size for 
the Indicated Conditions. 


EXPERIMENTAL RESULTS 


Notch Strength Versus Heat Treatment for 
Steels: 


The notch properties in a heat-treated 
steel vary with changes in the heat 
treatment. In the present work three 
austenitizing treatments and three tem- 
pered conditions were evaluated. The 
results are presented in Fig. 3. Here it is 
indicated that for strength conditions 
corresponding to about Rockwell 40, C 
scale, or less the method of heat treat- 


ment is of secondary importance. At 
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higher hardnesses, however, a most im- 
portant factor is tempering time. For 
the steel investigated at 1.1 in. diameter 
maximum properties are obtained for a 
tempering time of 4 hr or more. A tem- 
pering time of 1 hr produces definitely 
inferior notch properties. 


Notch Strength Versus Test Specimen 

Size: 

The effect of test section size on the 
notch strength in steel is summarized in 
Fig. 4. In brief, for low-strength condi- 
tions, corresponding to a low hardness, 
the notch strength does not vary with 
section size. As the strength level is 
raised, strength conditions are eventu- 
ally attained at which notch sensitivity 
sets in with increase in section size. These 
changes are perhaps best illustrated for 
the data on steel in Fig. 5. 

At the lowest hardness level examined, 
the notch strength remains constant as 
the section is enlarged. As the tensile 
strength level rises, the notch strength 
initially is raised proportionately for the 
small specimens and remains essentially 
constant to intermediate sizes and then 
begins to drop with further increase in 
section size (800F temper). As the 
strength level is further increased, the 
notch strength for small specimens does 
not further increase while the size effect 
phenomenon sets in at increasingly 
smaller specimen diameters. Because of 
this a strength condition which yields 
maximum notch strength at the smallest 
size may give the lowest notch strength 
at the largest test size. Parallel trends 
are clearly indicated for titanium and 
aluminum materials (Fig. 6). 

For the aluminum materials, large 
sized tension specimens were also tested. 
It is evident that for the high-strength 
alloy merely a change in the tension 
specimen size is sufficient to cause a re- 
duction in the strength properties. Sim- 
ilar reductions in tensile strength with 
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increase in specimen size have also been 
reported for high-strength steel condi- 
tions (3). 


Notch Geometry Changes in Circumfer- 
entially Notched Cylindrical Bars: 


Practical difficulties limit the notch 
dimensions that can be machined into 
cylindrical test bars. However, notch 
root radii of the order of 0.0001 in. have 


liameter 


Fic. 7.—Notch Root Geometries in the Smallest and Largest Size Titanium Specimens at Ap- 
proximately Maximum Load (X16). 


Initial notch radii were equal to 0.001 in. 


been formed in a limited number of small 
steel specimens (4). Experimental results 
obtained with such notches compared 
favorably with those obtained with 
notches of 0.001-in. root radii. From 
this it was concluded that the notch 
root radius of 0.001 in. largely produces 
the most severe notch effect and sharper 
notches develop no new results. Since 
even in the small cylindrical specimens 
notch dimensions of 60-deg flank angle, 
root radius 0.001 in., and 50 per cent 
removal of the section have a theoretical 
elastic stress concentration factor of 10, 


it is evident that in the presence of even 
slight ductility at the notch base the 
overloading due to the notch will quickly 
be redistributed or the section must part. 
If the specimens are geometrically scaled 
to have the same theoretical stress con- 
centration, and if the fracture phenome- 
non scales in the same way, specimen 
behavior to the initiation of failure 
should be the same for all specimens. 


)-in. diameter specimen. 


The fact that contrary results are regu- 
larly observed (5) constitutes the phenom- 
enon of size effect. Explanation of this 
effect may be advanced as resulting from 
a critical balance between elastic and 
plastic strain energy as proposed by 
Irwin (6). The effect may also be ex- 
plained as due to modification of notch 
geometry due to differences in plasti- 
cized zone development through the set 
of different sized specimens. To examine 
this question a set of ductile titanium 
specimens of different sizes were pulled 
to initiate cracking at the root of the 


specimen. 
u 
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notch. The specimens were not broken 
but were removed from the test machine 
and sectioned. The notch geometries 
were established by sectioning through 


1313 


that notch action in the small specimens, 
even for the most sharply notched con- 
ditions that have been ground and ma- 
chined, is not as severe as the conditions 
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Fic. 8.—Notch Strength Versus Log Specimen Diameter Compared with Limiting Notch 
Strengths Measured for Hydrogen-Cracked Small Specimens of 4340 Steel. 

Note.—On the basis of the data presented in Klier, Muvdi, and Sachs (12) it is assumed that in 
the presence of a hydrogen crack the size effect can be eliminated if the data are properly reduced. 
The two banded zones labeled ‘‘Notch-Insensitive’’ and ‘‘Notch-Sensitive 4340 Steel” were drawn 


on the basis of this assumption. 


the centerline of the specimen as is evi- 
dent from Fig. 7. Here it is seen that in 
the small specimen the notch root radius 
has been significantly enlarged without 
the development of a crack. In the larger 
specimens notch radii have not been 
enlarged, but rather cracks have devel- 
oped and these are longer, the larger 
the test specimen. From this it follows 


that obtain in large specimens. However, 
if such small specimens can be notched 


4It is evident that the phenomena here con- 
sidered are precrack phenomena and are not 
contingent on a fracture mechanics hypothesis 
in any form. The effect observed suggests that 
mechanical similarity requirements must also 
pertain to scaling of the microconstituents in 
the respective sections, which proposal has been 
made elsewhere (7). 
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without the introduction of the large 
plasticized zones which in the machined 
notch specimens lead to notch geometry 
changes, notch restraint in the small 
specimens potentially may be increased 
and attain the same order of magnitude 
as that in the large specimens. Two 
possible methods exist for producing 
the ultra-sharp notches required— 
namely, through combined chemical- 
mechanical means as, for example, exist 
in ‘hydrogen embrittlement; and, sec- 
ondly, mechanically, through the con- 
trolled development of a fatigue crack. 
The limited data available for the com- 
parison of notch action arising from these 
two sources indicate that for both crack 
forms the same notch properties are 
observed (8,9). 

In an earlier publication (12) the re- 
sults of a preliminary study of hydrogen 
embrittlement as modified by size effect 
are reported. In this study it was pointed 
out that for certain heat-treated condi- 
tions the introduction of the hydrogen 
crack led to no reduction of the instan- 
taneous notch strength. These conditions 
have been considered as notch-tough or 
notch-insensitive. At higher strength 
levels for the 4340 steel studied the hy- 
drogen crack led to reduced instantane- 
ous notch strength. This has been taken 
as evidence of notch sensitivity. From 
the results of this and related studies it 
has been assumed that the upper limit 
of notch strength for a notch-tough con- 
dition is ~ 300,000 psi while the lower 
limit for a notch-sensitive condition is 
= 125,000 to 150,000 psi. The value of 
300,000 psi for the notch-tough condition 
can be measured in practice only if the 
yield strength of the steel is sufficiently 
high or if geometrical restraint can be 
developed to a suitable degree. The exact 
values of the two projected notch 
strength conditions cannot be established 
from the measurements that have been 
completed to this time, but the results 
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of the hydrogen-embrittlement size 
effects and correlated studies suggest 
that both for the notch-tough and notch- 
sensitive 4340 steel conditions the phe- 
nomenon of size effect may enter only 
accidentally. It should then be possible 
to design experiments in which the results 
would be unaffected by size effect. The 
hydrogen-cracked specimens are pro- 
posed as specimens for which the size 
effect factor has been eliminated and the 
barred zones are entered in Fig. 8 on 
this basis. The general meaning of this 
figure would then be as follows:5 

1. For low yield strength, notch- 
tough conditions, a notch strength of 
less than 300,000 psi would be expected 
and this should be independent of size 
of specimen, if the geometry is retained. 

2. If the geometry is altered, the notch 
strength should change, and if the ge- 
ometry is changed to increase restraint, 
the notch strength should increase. For 
4340 steel tempered at 1000 F this is in- 
dicated as developing for the notch 
strength measured for the instantaneous 
notch area. 

3. For the 4340 steel a notch strength 
of 300,000 psi in the small specimens 
with machined notches is accompanied 
by a definite size effect. 

4. The specimen diameter interval in 
which the factor size effect is measured 
may be determined by extrapolation of 
the notch strength - diameter curves. 
For machined notches this leads to min- 
imum specimen diameters of the order of 
2 in. for minimum notch strength meas- 
urements, and as the tempering temper- 
ature is allowed to increase this minimum 
diameter rapidly increases. 

However, the small-specimen data are 


5 The 4340 steel used in the hydrogen em- 
brittlement study contained 0.38 per cent 
carbon; the 4340 steel used in the size effect 
study contained 0.43 per cent carbon. This 
carbon content differential is believed to be 
responsible for the somewhat different notch 
sensitivities indicated for the two steels. 
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not at this time considered other than 
as illustrating trends and are not offered 
as definitive. Nonetheless, these data 
demonstrate that small specimens can 
be so prepared that the notch action 
effect is more severe than that measured 
for the largest sized specimens used in 
the present investigation. Work has been 
projected to test large sized specimens, 
and it is evident that the possible corre- 


Temperature; Specimen Diameter 1.1 in. 


lation of such tests with the small-speci- 
men tests here described would prove 
extremely valuable. 


Crack Development in Circumferentially 
Notched Bars: 


The development of the crack in cir- 
cumferentially notched bars has been 
described at length for conditions of hy- 
drogen embrittlement. The hydrogen 


crack after initiation may develop ex- 
ternally or internally, and through hy- 
drogen-containing or 
materials (10,11,12). 


hydrogen-barren 
In the absence of 


Fic. 9.—Circumferential Crack Development in a Notch- —_— Steel saiaai Loaded at Room 
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hydrogen embrittlement, relatively few 
studies have been directed at determin- 
ing the course of crack propagation away 
from the notch base. 

Earlier it has been pointed out that 
for sharp notches all cracking for cir- 
cumferentially notched specimens begins 
in the immediate vicinity of the notch 
base. This is illustrated in some measure 
in Fig. 9. The exact development of this 


crack is extremely difficult to establish 
but it can be inferred that the crack, 
while probably initiated at a localized 
point in the vicinity of the notch base, 
develops at a rapid rate around the 
notch. For a brittle material the possi- 
bility exists that propagation of the frac- 
ture through the specimen might take 
place instead of propagation of the crack 
around the notch, and this mechanism 
has been proposed recently by Irwin 
(13) for high-strength steel test specimens 
of the type under study. It would appear, 
however, that the mechanism proposed 
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by Irwin is obtained only when signifi- 
cant eccentricity of load application 
arises. For concentric load application 
the mechanism of crack development is 
believed to be otherwise. 

In ductile metal, the notch is not fully 
effective in restraining plastic flow. In an 
earlier section it has been proposed that 
such plastic flow leads to specimen ge- 
ometry changes which significantly con- 


Fic. 10.—Ductile Aluminum (1100-0) Notch 
Specimen Showing Deformation to Failure. 

Specimen diameter, 2 in. 1, Specimen diame- 
ter at start of test; 2, notch diameter at start 
of test; 3, notch diameter at fracture. 


tribute to the phenomenon of size effect. 
This behavior is most evident for small 
specimens and has been described at 
length for titanium (14). However, even 
for the largest specimens investigated 
in this study, the low-strength aluminum 
deforms outside the notch (Fig. 10). For 
this specimen the crack was initiated at 
the notch base and then moved inward. 
Late in the separating process, it ap- 
pears that a crack developed internally 
and moved to meet the advancing cir- 
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cumferential crack. A very small seg- 
ment of the section remained joined 
just prior to final separation. As the 
strength of the material increases, the 
development of the crack progressively 
changes, but vestigial evidence of the 
crack propagation can clearly be cor- 
related with the fracture process just 
described for the soft aluminum bar. In 
Figs. 11(@) to (d) a progressive series of 
fracture facets in high-strength steel test 
specimens is presented. 

In the specimens examined there is 
evidence of the circumferential crack at 
the notch base.* However, evidence of 
this circumferential crack in steel speci- 
mens is difficult to register satisfactorily 
in a photograph. One of the best examples 
is presented in Fig. 12. In the oriented 
sketch the extent of crack penetration 
from the notch base is indicated. It is 
readily evident that the crack developed 
to a much greater extent at the top of 
the macrograph, while the limits of this 
penetration are relatively easy to es- 
tablish. 

Opposite the point of maximum pene- 
tration of the surface crack the internal 
crack nucleus is identified. The position 
of this crack nucleus.is believed to be 
determined by the ductility of the steel 
and moves increasingly toward the center 
of the fracture as the ductility increases. 
This is indicated in the figures. The dis- 
tance of this fracture nucleus from the 
notch base divided by the half-diameter 
of the fracture is called the fracture ratio 
and this quantity has been plotted in 
Fig. 4. 

It is proposed, then, that the section 
is separated by the development of in- 
ternal cracks which propagate out as the 
circumferential crack propagates in. It is 
believed that the fracture facets under 
discussion developed strictly parallel to 


®For the softer tempered conditions this 
peripheral crack development was regularly 
observed (see Fig. 9). 
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(a) 1550 1350 (1) OQ. Temper: 1000 (1); 246,000 ; 
C scale: 32.1. 

(b) 1625 (2) AC 1525 (2) OQ. Temper: 800 (4); notch strength: 254,000 psi; Rockwell hardness, 
C scale: 37.3. 


(c) 1625 (2) AC 1525 (2) OQ. Temper: 600 (4); notch strength: 219,400 psi; Rockwell hardness, 
C scale: 44.5. 


(d) 1600 (4) 1500 (2) OQ. Temper: 400 (4); notch strength: 191,400 psi; Rockwell hardness, C 
scale: 49.5. 


Fic. —— Surfaces of 4340 Steel Following Various Heat Treatments (Specimen Diam- 
eter 1.1 in.). 


that observed for the aluminum test bar. ture types somewhat different fracture 
For this condition of fracture to be real- patterns may develop. 

ized, however, a minimum ductility must For example, it has been stated that 
exist. In addition to these ordinary frac- the circumferential crack develops at a ; 
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rapid rate about the base of the notch, crack moves around the notch base. This 
probably from a local surface nucleus. may possibly characterize crack develop- 
This takes place because radial propa- ment for the low-strength conditions in 
gation of a crack from a surface location _ the steels. If for any reason the neutral 
tends to unload the crack front. Under axis of the stress system moves directly 
this condition the only way in which the away from the fracture nucleus,’ an 


Circumferential 


Nucleus : 
12.—Fractu irface Developed in 4340 Steel Notch Specimen. . ee 


The limits of surface crack penetration prior to failure from the indicated internal fracture aucious 
{ is indicated in the sketch. Heat treatment: 1550 (4) OQ; 800 (1). Specimen diameter 1.1 in. 


@ 


Fic. 13.—1 re Surface of Unalloyed Titanium Notch Specimen Illustrating Complex Surface 
Crack Development Prior to Final Separation of the Section. 


A possible sequence for crack development is indicated in the sketch. Specimen diameter 0.9 in. 


crack front can be progressively loaded oscillatory shift in load and crack devel- 
as it moves away from the notch base is opment may develop. An example of 
for the test specimen to be loaded in crack development in this manner is 
bending. If this is prevented, the load _ illustrated in Fig. 13. In this example, 
will be shifted progressively or abruptly circumferential crack development took 
from the location of the surface fracture  ——_— 
nucleus to the opposite side of the bar. 7 Peripheral crack development could be 
If the load shift is made progressively, a suppressed if the fracture nucleus were bounded 
by material of higher ductility. as for the ex- 
screw shift in the load develops and the ample in Fig. 13. 
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place and was followed by what appears 
to have been three oscillations in load 
during which the specimen remained 
intact. On the fourth oscillation the 
specimen broke. This mode of fracture 
development is believed to characterize 
breaking in the high-strength steel mate- 
rials, with failure following the first 
oscillation in load. 

In the absence of bending the load 
shift described above must always take 
place, and the crack propagation into the 
specimen can take place only if the notch 
properties change as the crack propa- 


criterion used failed by the internal 
propagation of a surface nucleated crack 
is given in Fig. 14. Fracture development 
as illustrated here faithfully portrays the 
fracture pattern required for the fracture 
mechanism advanced by Irwin (12).8 
There are definite similarities between 
fracture facets originating and fully de- 
veloping from the surface and those 
observed in the present work. However, 
the fan patterns are inverted. For this 
reason the fractures in the present work 
are proposed to develop from the loca- 
tion which has been described as the 


Fic. 14.—Fracture Surface of Unalloyed Titanium Notch Specimen, Illustrating Fan Pattern 
Development of Surface Nucleated Fracture; Specimen Diameter 0.9 in. 


gates radially in. (For certain material 
conditions this change in notch proper- 
ties seems to be possible.) The actual 
course of crack propagation beyond the 
development of the initial circumferential 
crack at this time can best be established 
by examination of the fracture surface. 
To assist in the evaluation of fracture 
surfaces it is necessary to introduce only 
the concept of fan pattern development 
of the fracture and to emphasize that 
this pattern is characteristic (15). The 
fracture nucleus is at the origin of the 
fan. Cracks that are surface nucleated 
but which run internally have been dis- 
cussed for conditions of hydrogen em- 
brittlement (12). A fracture pattern for a 
sharp-notched specimen which by the 


fracture nucleus, located at an internal 
fracture site.® 


An analysis of fracture photographs by 
Krafft in support of the postulated surface 
nucleation of the crack is not presented in his 
report. Rather demonstration of the proposed 
surface nucleation of the crack is advanced from 
fracture load changes with changes in notch 
root radius. An increase in the notch radius, 
however, is equivalent to a size reduction for 
constant notch radius. From the earlier sections 


of this report this understandably leads to | 


strength modifications due to plasticizing con- 
ditions under the notch. The fan pattern de- 
velopment in Krafft’s photographs is at variance 
with the mechanism of fracture propagation 
attributed to Irwin. 

*It will be recognized that the surface 
nucleation of the crack which has been un- 
questionably observed is proposed to lead to 
conditions which bring about internal nuclea- 
tion of the crack which dominates final separa- 
tion of the section. This question has not been 
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(b) Fracture flaw X 10. 


Fic. 15.—Fracture Surface of 4340 Steel 1.1-in. ya Illustrating Fracture Develop- 
ment from Internal Flaw; Heat Treatment: 1550 (4) OQ; (1). 


| 
= 
(a) Fracture surface. 


The fracture facets presented in Figs. 
11 to 14 illustrate certain characteristic 
and extreme fracture types. In the 
aligned concentrically loaded notch bar 
the fracture may be rather generally 
nucleated and it then develops from a 
relatively large region. If the ductility 
of the steel is very low, an internal flaw 
may be sufficiently severe to initiate the 
crack that leads to separation of the sec- 
tion. Such a flaw is illustrated in Fig. 15. 
The general disposition of the fan pat- 


(a) Fracture surface. 


Fic. 16.—Fracture Surface of 4340 Steel 1.1-in. Diameter Notch Tension Specimen; Heat Treat- 
ment: 1550 (4) FC 1350 (1) OQ; 400 (1). 


tern about the flaw clearly establishes 
the dominating role played by the flaw 
in leading to fracture. 

One final set of macrographs of the 


studied directly but is believed to arise as 
follows: (1) With surface nucleation of the 
crack a load shift develops. (2) The strains 
arising from this load cannot be fully offset 
in the aligning fixture and there is slight bend- 
ing of the specimen. (3) The bending moment 
tends to unload the notch adjacent to the in- 
ternal fracture nucleus—that is, opposite the 
initial surface fracture nucleus—and the cir- 
cumferential crack tends not to develop at this 
position. (4) Due to low ductility in this zone 
and the conditions of high restraint throughout 
the section, the probability of internal fracture 
nucleus development is high and with its de- 
velopment the crack rapidly develops and runs. 
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fracture development in a low notch 
strength specimen is presented in Fig. 16. 
The fan pattern development in this 
specimen would require simultaneous 
radial propagation of the crack along 
the entire periphery of the notch section. 
This would seem to be a highly remote 
possibility, as experimentally it has been 
shown that the crack tends to run cir- 
cumferentially; yet in the present in- 
vestigation two such fractures have been 
investigated at length. 


(b) Fracture surface polished. 


Further evidence that the crack lead- : 
ing to final breaking of the specimen - 
developed from the internal nucleus is 
offered by examination of the shatter 
cracks that accompanied crack develop- _ 
ment. The focal point for the shatter 
cracks clearly is the point described as _ 
the hub of the fan, and it would seem | 
impossible to account for this circular a oe 
array of shatter cracks in terms of sur- re, 
face nucleation of the fracture. 

It is believed, then, that for the con- 
centrically loaded specimens studied in 
this investigation the fracture process 
can best be described as taking place in 
the following way: 
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1. With increasing load the fracture 
strain at some chance point on the notch 
base is exceeded and a surface fracture 
nucleus develops. 

2. If the fracture nucleus is to propa- 
gate, this must take place principally 
; along the base of the notch. 

3. With surface crack development the 
load away from the location of maximum 
penetration of the crack tends to max- 

11 imize. 

4. In this volume of metal, an internal 
fracture nucleus is formed. It propagates 
with the development of a characteristic 
fan and the section is parted. 


SUMMARY AND CONCLUSIONS 


Circumferentially notched cylindrical 
tension specimens of different sizes have 
been concentrically loaded to failure. 
Materials investigated have been a 4340 
steel heat treated in several ways to a 
range of strength levels, low- and high- 
- strength titanium, and low- and high- 

strength aluminum. The development of 
the cracks which lead to failure in the 
test specimens has been discussed at 
length. The following conclusions are 
drawn: 

1. For the heat-treated steel, the vari- 
ations in austenitizing treatment have 
not led to significant notch properties 
changes. Tempering time, however, is 
very important, with reduced times lead- 
ing to reduced properties. 

7 2. For the three material types stud- 
ied, notch sensitivity has been shown to 
depend on the strength level. The size 


(1) W. V. Ward, Lockheed Aircraft Corp. 
Process Bulletin No. 220-M, Rev. No. 3 
Oct. 14, 1954. 

(2) Syracuse University Research Institute, 
“A Photographic Report on Large Specimen 
Fractures of 4340 Steel,” Navy BuAer Con- 
tract No. NOas 55-377-c, Aug. 1955. 

(3) E. P. Klier, “Embrittlement of High- 


7 for Aircraft,” Am. Soc. Metals, 1958, p. 53. 


Strength Steels,” in “High Strength Steels 


effect phenomenon is not evident for the 
softer structural conditions examined, 
while it is present for the harder condi- 
tions. 

3. In the small specimens fracture is 
initiated only after significant prior 
plastic flow. This leads to significant 
notch geometry changes, which clearly 
alter stresses resulting from the imposed 
geometry. The parallel changes in the 
large specimens are not observed, so 
the stress conditions in the large speci- 
mens must be relatively much more 
severe than in the small specimens. 

4. If in small specimens, notch condi- 
tions car be introduced to correspond to 
those in the large specimens, notch 
properties corresponding to those in the 
large specimens should be obtained. 
Limited examples of such tests are 
offered. 

5. In the circumferentially notched 
specimens studied, cracking is initiated 
in the vicinity of the notch root. This 
crack, while local in origin, tends to 
propagate around the notch. 

6. The circumferential crack leads 
ultimately to the development of an 
internal crack which propagates radi- 
ally to separation of the test section. 
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A MODEL FOR THE EFFECT OF THICKNESS ON 
FRACTURE TOUGHNESS 


By Josern I. 
4 


SYNOPSIS 


A simple model of the fracture phenomenon in thin sheet is suggested based 

4 essentially upon the assumption that the shear lip formation is a volume-sen- 
sitive mechanism whereas flat fracture is essentially a surface phenomenon. A 
critical shear lip width is hypothesized; this concept is substantiated and is 


shown to lead to the variations in shear lip width with thicknesses that were 


toughness - thickness relationship constructed by the simple linear superposi- ¢ 


- experimentally observed for a beta titanium alloy. Furthermore, the fracture 

tion of the above two fracture mechanisms predicts satisfactorily the observed 


fracture toughness values for this alloy. A numerical illustration indicates how __ 
two tests at different thicknesses might be used to depict the G. versus thick- = 


The data of Repko (1),? although con- 
sistent with observed results for thick 
sheet, are inconclusive with respect to the 
detailed behavior in the region of 100 per 
cent shear failures. The work of Irwin 
(2) has aptly demonstrated the influence 
of thickness over a wide range of thick- 
nesses, and the characteristic peaked 
fracture toughness, G. versus reciprocal 
thickness 1/t, curve observed is re- 
produced in Repko’s Fig. 9(a). The 
limited decrease in G. with decrease in 
thickness noted in Irwin’s work is not 
evident in Repko’s work (1), possibly be- 
cause Repko did not investigate suf- 
ficiently thin sheet. Others (3-7) also 
have observed this characteristic 
(peaked) shape of the S. versus thickness 
t (or reciprocal thickness) curve, and it 
appears certain that this shape is a 

1 Chief, Materials Engineering Laboratory, 
Watertown Arsenal Laboratories, Watertown, 
Mass. 


2 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


ness curve at a given temperature over a wide range of thicknesses. 
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consequence of changes of fracture mode 
with thickness. 

Irwin (8) has attempted to rationalize 
qualitatively on the mechanism as- 
sociated with the transition from shear 
lip to flat fracture and has suggested a 
criterion based upon the relative size of 
the plastic zone at the crack tip and the 
thickness of the plate. 

In spite of the considerable activity in 
the fracture mechanics area, no attempt 
appears to have been made to establish 
rationally a basis for anticipating this 
experimentally observed characteristic 
shape of the G. versus / relationship. 
Nevertheless such a basis can be quite 
simply formulated with a minimum of 
conceptual requirements. 


ASSUMPTIONS 


It is assumed for purposes of the pre- 
sent analysis that: 

1. The total fracture toughness (in- 
tegrated over the fracture surface) 


7 
| | 
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derives from a dual fracture mode 
mechanism, that is, either combinations 
of flat fibrous break and shear lip or flat 
cleavage break and shear lip.’ 

2. The shear lip occupies the full sheet 
thickness (for a given temperature) until 
a critical thickness /o is reached; beyond 
this critical sheet thickness the total lip 
width no longer increases; Fig. 1 indicates 
schematically the fracture model as- 
sumed for the present analysis. 

3. The shear lip, once fully developed 
in accordance with assumption 2 above 
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points where end effects are significant. 
Charpy bars, for example, tend to exag- 
gerate the effects of end condition. 
Repko et al (1), on the other hand, do 
indicate one condition of one material 
examined in which even for a long lip the 
shear lip width varies from 30 to 70 per 
cent along the fracture path. However, 
this is characteristic of an extremely 
rough coarse grained fracture for the 
material machined from a single heat 
and is not typical of most alloys. The 
contention of constancy of lip width ap- 


all 
OR vi 


to 


Fic. 1.—Fracture Model for Analysis. 


remains constant in width along the 
length of the fracture path. For lip 
length to lip width ratios > 1 ex- 
tensive data (reference (3, Fig. 11); Wes- 
sel (4, Fig. 7); Srawley and Beachem (5, 
Fig. 2); and Irwin and Kies (9, Fig. 4)) 
appear to substantiate this assumption. 
Deviation from this assumption may, of 
course, be expected at the point of onset 
or arrest of the crack, that is, at the 


3 Some modification is to be made to extend 
the present consideration to those materials 
where a combination of three modes of fracture, 
that is, flat fibrous, flat cleavage, and shear lip, 
may develop in significant proportions simul- 
taneously. 


pears nevertheless to be further sup- 
ported by the results of limited tension 
tests of as-received AISI 4340 specimens. 
A specimen 3.57 in. in diameter was 
tested in tension to fracture. Figure 2(a) 
shows the fracture surface and depicts 
an eccentrically located relatively large 
area of slow crack growth. The average 
shear lip width is of the order of 0.030 + 
0.005 in. The value of shear lip width 
was determined by averaging the widths 
taken at 15 deg intervals about the cir- 


cumference. The individual readings were — 


obtained using an optical comparator. 
Subsequent to this large-specimen test, a 
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ON EFFECT OF THICKNESS ON FRACTURE TOUGHNESS 


standard (0.357-in. diameter) specimen 
was machined from a longitudinal slice 
through a threaded region of one half of 
the larger specimen, and tested. Figure 
2(6) shows this fracture. This specimen 
size was such as to limit crack growth to 
only slow propagation. Nevertheless the 
lip size in this specimen, measured in the 
same means as the larger specimen, was 
0.035 + 0.005 in. 

It is of further interest to note that 
this critical lip width appears to be 
relatively insensitive to the character of 
the flat break from which it proceeds. 
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curve through these points) and the 
calculated curve. The agreement is 
remarkable and supports the contention 
of a constant shear lip width after full 
development. 

4. The mechanism of flat fracture 
is essentially a surface phenomenon 
whereas the mechanism of lip formation 
is volumetric in nature; the energy of 
flat fracture is assumed to be propor- 
tional to the width of the flat area, that 
is, to (¢ — éo) of Fig. 1; the energy of 
shear lip fracture is assumed to be 
proportional to the lip width ¢/2 squared 


Thickness, t, in. 
Fic. en Versus Theoretical Percentage Shear Lip Variation with Thickness (Data 


after Repko (1)). 


For example, in the large specimen the 
lip formation follows a “rapid” flat 
fracture whereas in the small specimens 
(whose diameter is less than the critical 
crack size indicated by the “slow” 
growth region of the larger specimen; 
see Fig. 2(a)) the lip forms as the final 
stages of a slow flat fracture. Neverthe- 
less the lip width in these two cases is not 
significantly different. More general 
substantiation of this superficial ob- 
servation is, of course, desirable. 


The validity of this assumption is ° 


further demonstrated by comparing the 
curve of Fig. 8(6) of Repko, Jones, and 
Brown (1) with the corresponding curve 
calculated* upon the basis of this as- 
sumption. Figure 3 shows the original 
data of Repko et al (1) (as well as his 
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until the lip is fully developed to width 
to/2 and is then a constant. 


ANALYSIS 


This last assumption may be written 
(for two shear lips) 


Eu = 


t<to 
and 
Eu = thatel 


\ > to 
By @ — 


4 For example, from Fig. 8(b) of Repko, Jones, 
and Brown (1) we note that for ¢ = 0.130 the 
percentage shear lip is 12 per cent; the fully 
developed or critical shear lip t) is then given 
by to = 0.12 X 0.130 = 0.0156 in. The present 
assumption is that as long as the plate is as 
thick as or thicker than to (0.0156 in.), the lip 
width will remain just 0.0156 in. Then in terms 
of a plate of arbitrary thickness t > t, the 
percentage shear lip (per cent SZ) is then per 
cent SL = 100 to/t = 1.56/t. 


| 
=! 
i 
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Fic. 4.—Predicted Variation of G- with Sheet Thickness Normalized with Respect to }k,ito 


= te heito) (from Eq 5). 
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where the E£’s are the total energies and 
the subscripts s/ and ff refer to shear lip 
and flat fracture respectively. The k’s 
are material constants associated with 
the mode of fracture; ¢ and é» are the 
thickness and critical thickness for 100 
per cent shear lip respectively, and / is a 
characteristic length determining the 
total energy. 

With these definitions one can write 
for the total energy Er the following: 


Er = Eun + Ey 


Now the total energy per unit nominal 
fracture area which we may recognize as 
being identically equal to §. is then 


Se = E,/it 


where /i is the fracture area. Then by 
substituting Eqs 3 and 1 into Eq 2 we 
find 


hal 


Thickness, t, in. 


Fic. 5.—Comparison of Predicted and Experimental Fracture Toughness Versus Thickness. 


Ge = t/to< 1 
..(4) 


Ge = + (1 — to/t) 
fort/to > 1 


Normalizing with respect to 3 ailo, 
these become 


(t/to) for t/to < 1 
and 
G-/thate (t/to) (: x) 
for t/tp > 1 


If we now further assume (strictly for 
illustrative purposes) that ky = yy 
keto , then these relations may be readily 
computed. Figure 4 shows the results of 
such a calculation. Except for the sharp 
maximum, this is a remarkably good first 


. Te a 
. 
| 


approximation of the observed charac- 
teristic behavior. End effects, referred to 
under assumption 3, will tend to smooth 
the curve. 
In terms of the stress parameter K., 
defined (3) by the relation 
K2 = EG 


where E is the Young’s modulus, Eq 4 
may be rewritten 
K. = for t/to < 1) 
and 
Ke = + (1 — 
for t/tp > 1 


. (6) 


It is of interest to observe that if the 
shear lip formation mechanism is not 
volumetric in nature but is rather a sur- 
face phenomenon, then in the 100 per 
cent shear region of thicknesses the S- 
value will be a constant as shown by the 
dashed lines of Figs. 4 and 5. Obviously 
Repko’s data plotted in Fig. 5 do not 
resolve this possible difference. However, 
data by Arnold (7) and Irwin (2) de- 
finitely tend to substantiate the volumet- 
ric concept. 

It is further interesting to note that 
for 4 > to, Irwin (2) has suggested a 
relationship which is equivalent to 


— 1\2 
Ge — kes « where Ger 


kyy 
whereas Eq 4 leads to the conclusion 


that 


t 


Additional experiments may resolve this 
difference. 


EVALUATION OF THE MATERIAL 


of CONSTANTS , AND lo 
7) Practical application of the foregoing 
st results, Eqs 4 or 5, can be effected by 
» 
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conducting and evaluating the results of 
only two sets of notch tests from which 
the three unknown quantities k,., ky; , 
and /) may be determined. 

Consider the test results for sheet 
thickness and where > and 
ls > to, that is, where the thicker speci- _ 
men is at least thick enough to produce a 
partially flat fracture. Let G., and S. 
be the corresponding fracture toughness 
determination and let per cent SZ, be 
the per cent shear lip observed in the 
thicker specimens. The critical shear lip 
width /p is then determined according to 
the prior footnote, thus in effect re- 
ducing Eq 4 to a set of two equations in 
the two unknowns k,; and ky; . 

Then the last of Eq 4 may be written as 
follows: 


= tha (1 -*)) 


and 


Se, = tha (1 
ly 


whence by simultaneous solution we ob- 
tain 


Ge, (1 — to/t) 
| (1 — to/te) 
4 
| 
| 
(1 — to/th) 


For any thickness ¢ then Eqs 4 apply. 
Note that for thick sheet, that is, 
to/t “KA, S- approaches ky = Ger and 
that the maximum value of G, occurs at 
t/to = 1 and is given by nell 


Ge max = tkailo 


) > 
| 


NUMERICAL ILLUSTRATION (Based upon 
Data by Repko et al (1) for a Beta 
Titanium Alloy) 


From the data of Repko (1) (Figs. 
8(a) and (d) of their paper), we note the 
results for ¢; = 0.045 and f, = 0.130, as 
follows, along with the derived values of 
Ge and fo : 


ke, Per Cent C,,* in-lb 
psi Vin. SL Se sq in. in. 
= 0.045 50,000 (156.5) 
te = 0.130 38,000 12 (92) 0.0156 


@ Plane stress assumed for the conversion. 
bt = per cent SL: X t:/100 = 0.12 X 


0.130 = 0.0156. 


Then from Eq 8 


= 21,800.0 
= 339.0 (Ge 
kyy = 59.5 (Ger) 


whence finally Eq 4 may be written 


Ge = 21,8001 for t < 0.0156 


t 
= 339.0 (‘) + 59.5 (: *) 
for > 0.0156 


- 
or 
K. = 5.9 X for < 0.0156 


and 


Ke. = 4.0 X + 59.5(1 — to/t) 
for t > 0.0156 


Figure 5 shows a plot of these equa- 
tions superimposed on the experimental 
data. Again the agreement appears 
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entirely adequate for ¢ > to but is ques- 
tionable in the region of ¢ < fo. 


CONCLUSIONS 


On the basis of the limited tests de- 
scribed, it is concluded that: 

1. The per cent shear lip variation 
with sheet thickness is reasonably well 
predicted on the basis of the result of a 
single thick specimen and the critical lip 
width concept. 

2. The S. or K, thickness curve re- 
ported in the literature is reasonably well 
predicted for one heat of beta titanium, 
at least in the region of ¢ > ¢o, on the 
basis of the simple dual fracture mode 
model and the principle of superposition 
of fracture energies. 

3. In the region of ¢ < ¢ the volumet- 
ric sensitive shear lip formation mech- 
anism leads to the G. or K,. versus 
thickness trends observed by several in- 
vestigators; this mechanism is not con- 
clusively demonstrated by the data of 
Repko. 

4. Two G. tests (at a given tempera- 
ture) are sufficient to calculate the ma- 
terial constants necessary for determin- 
ing the G. or K, versus thickness curve. 
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_ A MODEL FOR THE EFFECT OF THICKNESS ON FRACTURE 
‘ _ TOUGHNESS APPLIED TO LAMINATED STRUCTURES 


SYNOPSIS 


A model previously suggested for predicting the fracture behavior of thin 
sheet is extended to cover laminated composites. Thus extended, this model 
leads to a prediction of the behavior of laminated Charpy bars which is at 
least qualitatively substantiated by the observed behavior. 


al’ 


as, 


Arnold (1)? has proposed a laminated 
Charpy specimen tor evaluating impact 
strength of sheet metal, and has ex- 
perimentally determined the effect of 
sheet thickness on that impact strength. 
In the present paper it is suggested that 
the behavior of such laminates may be 
predicted on the basis of a model pro- 
posed by Bluhm (2). 


ToTaL ENERGY ABSORPTION— 
SINGLE LAMINA 


Bluhm’s (2) model leads to the for- 
mulation: 


Er = for t < to 
and .. 


Er = + — for t > to 


where k,, , key and ¢ are assumed to be 
material properties,* /) specifically is the 
critical shear lip width as defined in 
reference (2), Er is the total energy ab- 
sorption, / is the length of the shear lip 
(in the present discussion as relating to 


1 Chief, Materials Engineering Laboratory, 
Watertown Arsenal Laboratories, Watertown, 
Mass. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 

3 Curll (3) has suggested a somewhat similar 
relationship governing the size effect in Charpy 


= 
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thin Charpy bars, / is taken as the depth 
of the Charpy bar below the notch), and 
t is the thickness of the sheet. 

A plot of these relations is shown 
schematically in Fig. 1 for two alter- 
native cases. It is to be emphasized that 
the straight-line segment of this relation- 
ship (stage JJ of Fig. 1) does not in 
general intersect the coordinate origin. 
Furthermore, for thin sheet, that is, 
where ¢ < fo, the relationship is non- 
linear (stage J of Fig. 1). Data by 
Arnold (4) for AISI 4340 steel at 165,000 
and 210,000 psi tensile strength tend to 
support this latter observation. 


EVALUATION OF G.r (PLANE STRAIN 
FRACTURE TOUGHNESS) 


If the second part of Eq 1 is divided by 
1 and differentiated with respect to 
thickness, we obtain: 


But ky; is in effect identically Gur. 
Therefore, we note that the slope of the 
total energy Fr thickness ¢ curve (in the 
region / > fy) divided by the shear lip 
length / is a direct measure of G.r. 
Though some uncertainty may arise 
from the selection of a value for /, the 


| 
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shear lip length, if 7 is such that 1 > t& , 
the use of the total specimen depth or 
total shear lip length is expected to pro- 
vide a reasonable approximation of G.r . 


Alternate Behavior 
Stoge I 


Total Energy, Er 


Sheet Thickness, t 
Fic. 1.—Schematic Representation of Pre- 


dicted Energy Versus Thickness Relation (per 
Eq 1). 


For Constant Lominote 
Thickness (t)) 
L_foer 
) 3 
eo 
i iL 
Lamina Thickness, t 
r Fic. 2.—Schematic Representation of Pre- 


dicted Laminate Energy Versus Lamina Thick- 
ness (per Eq 4) 
var 


TotraL ENERGY ABSORPTION— 
MuttreLeE LAMINAE 


Constant Laminate Thickness: 


Consider now a laminate. If the inter- 
C action between laminae of a laminated 
structure is neglected, that is, if each 
lamina acts independently, then Eq 1 
€ may be expressed for a laminated speci- 
€ men as follows: 


and . (3) 


En = + —bo)l fort > 


where now Er; is the total energy ab- 

sorbed in a laminated specimen having 

n laminae, each of thickness ¢. 7 
For a fixed laminate thickness ¢; = 

nt, Eq 3 may be expressed in the form 4 


t 
En = 5 haul for t < to 


and 


trkeito*l lo 
En = + tikss (: - 


for t lo 


Figure 2 shows these relationships 
schematically. It will be noted that an 
optimum lamina thickness exists and is 
just equal to the critical thickness f. 
The maximum total energy absorption 
corresponding to a laminate made up of 
n laminae each of critical thickness éo is 
designated in Fig. 2 as the “optimized” 
energy absorption Eopt. This analytical — 
prediction of an optimum lamina thick- 
ness to maximize the laminate energy 
absorption is in accordance with certain 7 
observations of Arnold as indicated on _ 
p. 3 of reference (4) and in Fig. 2 of 
reference (5). 

On the other hand, 


the foregoing 
theory and observations by Arnold ap- : 
pear to conflict with respect to the single 
lamina behavior. The theory based on ; 
the suggested model predicts the two- 
stage behavior illustrated in Fig. 1, that 

is, a nonlinear stage J and then a linear 
stage JJ with a monotonically increasing 
energy absorption with increased sheet 
thickness. Arnold’s results, Fig. 2A of 
reference (5), imply an optimum lamina 
thickness to achieve maximum energy 
absorption in individual lamina. ‘The 


| 
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basis for these discrepancies is not com- 
pletely understood, though it is possible 
that the energy absorption shown by 
Arnold (Fig. 2A, reference (5)) for the 
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do in fact corroborate the Stage JJ 
behavior anticipated in Fig. 1 for in- 
dividual lamina (see, for example, Fig. 
7 of reference (6)). 


thin specimen may be exaggerated due 


Variable Laminate Thickness: 


If the laminate thickness* is considered 
a variable, then optimization with 
respect to total energy absorption can be 


effected by building up the laminate with 
n laminae, each of critical thickness fo . 
a From Eq 3, for example, we obtain (if 
i each lamina is of critical thickness 
a Figure 3 shows schematically this linear 


Laminate Thickness, t)/to 


Fic. 3.—Schematic Representation of Pre- 
dicted Energy Versus Thickness Relation of 
“Optimized” Laminate (per Eq 5). 


sorption of an “optimized” laminate 
versus the laminate thickness expressed 
as m = t,/to . Total thickness is governed, 
of course, by other strength require- 


ments. 


ENERGY ABSORPTION PER LAMINA 


The energy per lamina E7,/n is 
readily shown to be given by 


Eri/n = for t < 


and .. (6) 
/n = + — te) for t > to 


These relations are plotted schematically 
in Fig. 4. The ordinate E7;/n represents 
the energy absorbed in a single lamina of 
a laminate (the shaded region of the 
specimens shown). Note that these 
relations, as should be expec.ed, are 
identically the same as for the single 
lamina results of Eq 1, or Fig. 1. 


Lamina, Er,/n 


; Energy Absorbed per 
oT 


Lemina Thickness, t 


Fic. 4.—Schematic Representation of En- 
ergy Absorbed per Lamina (E7:/n) as a Func- 
tion of Lamina Thickness for a Fixed Lamina 
Thickness (per Eq 6). 


to the interference effects of individual 
lamina on one another as they tend to 
expand laterally. This hypothesis cannot 
be verified from the data given by Arnold 
(5,6) inasmuch as his single sheet speci- 
mens are not of the same material as his describing, at least qualitatively, the 
laminate constituents. Supplementary behavior of individual lamina as well as 
tests are therefore desirable. Other data 
by Arnold on 2024 T-4 aluminum alloy 


CONCLUSIONS 


It is evident from these studies that: 
1. The model suggested is capable of 


* Laminate thickness is assumed for illustra- 


tion to be an integral multiple of 9. 


n=2 

| 

| 
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laminates insofar as the effect of thick- 4 = critical lamina thickness for 100 
ness on energy absorption is concerned. per cent shear, 

2. The experimentally observed exist- 
ence of a lamina thickness optimized for 
maximizing the energy absorption in a r 
laminate is theoretically supported; this ,, = total energy absorption of a lam- 
optimum thickness is the critical thick- inate, 
ness fo (see, for example, Fig. 2). ; 

3. Additional tests need to be con- ka, ky = material constnts associated with 
ducted wherein both laminates and shear lip and flat fracture respect- 
laminae are tested in order to resolve the wey, 
discrepancies still evident. E.» = total energy absorption of laminate 
made of laminae, each of thickness 
fo (optimized total energy ab- 


n number of laminae in laminate, 


total energy absorption of a lamina, 


DEFINITION OF SYMBOLS 


= laminate thickness, sorption), and 
t = lamina thickness, l = the length of the shear lip. _ 
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POTENTIAL HEAT* 


A MertHop ror MEASURING THE HEAT RELEASE OF MATERIALS IN 


78 BUILDING FIRES 
By J. J. Lorrus,! D. Gross', anp A. F. RoBErtson! 
SYNOPSIS 


Modifications have been made of a method, currently a standard of the 
French government, for assessment of the combustible characteristics of 
building materials. This method makes use of standard calorimetric techniques 
in which the burning of small quantities of combustible in an otherwise inert 
material is assured by use of a combustion promoter which is added prior to 
test. By performing calorimetric measurements both before and after exposure 
to a “standardized fire” (2 hr in air at 750 C) the difference may be considered 
as the potential heat. The test method has been used for measurement of the 
potential heat of a variety of building materials, including metals and materials 
of low combustibility, with results in general agreement with fire experience. A 
discussion is included on the precision of the test method. 


The extent to which building ma- and the test method used. As a result, 
terials burn and release heat during there has been considerable uncertainty 
fires involving buildings is considered of as to exactly what material property was 
importance by code officials. Because of being measured. Because of this situa- 
this, building codes generally contain tion, it has been difficult to select a 
requirements with respect to the “non- method of test whichcould be considered 
combustible” properties of materials to satisfactory for standardization on a 
be used in different portions or types of national or international level. 
buildings. However, the test methods To reduce the complexities of the prob- 
(1, 2, 3, 4, 5)? most frequently proposed lem, it is convenient and indeed neces- 
or used for measuring this property have sary to separate the surface flammability 
been qualitative in nature. The results from the “combustible” properties in the 
obtained have often been a function of proper evaluation of building materials. 
the flammable, smouldering, and heat Whereas surface flammability is con- 
release characteristics of the material cerned with the rate with which flames 
tested with emphasis varying, depending travel along the surfaces of materials, it 
on the characteristics of the material is the extent to which the bulk of a wall, 
enemas ; ceiling or floor element may contribute 
mein ine Meet- heat to support active combustion which 

1 Chemist, Physicist and Section Chief, Fire Tepresents the degree of its combustibil- 


Research Section, National Bureau of Stand- ity or, perl.aps more appropriately, its 
ards, Washington, D. C. “potential heat.” 

2 The boldface numbers in parentheses refer po a ree 
to the list of references attached to this paper. Of the actual combustibility test 


i ae On PoTENTIAL HEAT—MEASUREMENT IN BUILDING FIRES 1337 © 


methods in use, considerable attention 
has been given to the one in use in the 
United Kingdom (4). By this method, a 
sample is gradually heated during the 
course of 1} hr in a vertical electrically 
heated furnace up to a temperature of 
750 C, and observations made of the 
occurrence of flame, self-induced glow, or 
of gases that can be ignited by a pilot 
flame. In a common modification of the 
method, the sample is placed into a 
preheated furnace maintained at 750 C, 
and a record obtained of the tempera- 
tures on the surface and in the interior 
of the specimen. In the usual case, a 
limitation on the maximum tempera- 
ture rise of the sample above the furnace 
temperature is used as a criterion of 
incombustibility. A modification of this 
method (6) involves the measurement of 
the area under the temperature-time 
curve for the center of the sample. How- 
ever, Van Elteren (7) has indicated that 
neither the temperature rise nor the 
temperature-time product is a direct 
criterion of the heat of combustion. This 
results from the transient nature of the 
test and the strong dependence of the 
temperature-time history on the thermal 
properties of combustible and filler ma- 
terials. In effect, this heated tube test 
method does not provide a good measure 
of the quantity of heat released by the 
material. 

To evaluate properly the total heat 
generated by the combustible fraction of 
a material, calorimetric test methods of 
various types have been considered. 
Factory Mutual Laboratories has re- 
cently described a calorimetric furnace 
by means of which measurements are 
made of heat release rates for 4-ft square 
test specimens of constructions (8). 
Bomb combustion calorimetric measure- 
ments have also been considered, but in 
the past these have been rejected because 
the combustion characteristics in an 
oxygen pressurized bomb are much 
different from those effective during 


building fires. For example, the — 
calorimeter results in complete oxidation ; 
of many metals which are relatively 
unaffected by building fires. However, 
the French government (9) has recently 
standardized a test method making use 
of a differential bomb calorimetric 
method. 

The present paper describes the 
further development of a similar test 
procedure and presents the results of 


Material 


to be Tested 


| Pulverization 


Pulverization 


Combustion Promoter 
Added 


icombustion Promoter 7 
Correction } 


Combustion Promoter 
Correction 


Potential Heot 
By Difference 


measurements of the potential heat — 


Fic. 1.—Schematic Flow Diagram for Poten- 


tial Heat Measurements. 


of a wide variety of building materials. 
The potential heat of a material may be 
defined as the difference between the 
heat of combustion of a representative 
sample of material and the heat of 
combustion of the residue remaining 
after exposure to a simulated standard 
fire, using combustion calorimetric tech- 
niques. 


Test METHOD 


A schematic flow diagram of the test 
method, Fig. 1, illustrates the steps 
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involved. Two samples are removed from 
the material to be tested. One of these 
is pulverized, pelleted, and then burned 
in a high-pressure oxygen atmosphere as 
described in reference (10), yielding a 
measure of the gross heat of combustion 
of the material.’ A second specimen of 
approximately 3 by } by 3-in. size is 
“fired” in a muffle furnace. By “‘firing”’ 
is meant heating in air for 2 hr at a 
temperature of 750 C. The weight loss of 
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during the firing process in the muffle fur- 
nace; this exposure, in effect, represents 
a simulated standard fire. 


PROCEDURAL DETAILS 


The detailed techniques which have 
been developed for standardization of 
the test method are described in the 
Appendix. A brief discussion will be 
presented in this section of the reasons 
for selection of these details. 


80 
< 
6 40 
= 
20}+—+ 
a i 
| 
| 
= 20 40 60 80 100 
Per Cent Benzoic Acid 2. 


this specimen is noted and the residue 
remaining is ground or pulverized. A 
portion of this resulting powder corre- 
sponding to a known weight of the 
original material is mixed with a combus- 
tion promoter, pelleted, and burned in 
the combustion calorimeter as previously 
described. After correcting for the heat 
produced by the combustion promoter, 
the difference in heating values of the 
two specimens is reported as the po- 
tential heat. It is evident from this 
diagram that the potential heat measure- 
ment is not a direct one but is obtained 
by difference measurements. It is indica- 
tive of the quantity of heat released 


3In the case of materials of low combustible 
content, a combustion promoter is added prior 
to pelleting the specimen for test in the com- 
bustion calorimeter . 


-F\3.2.—Per Cent Acid Burned in Mixtures of Benzoic Acid and Aluminum Oxide. 


Firing Conditions: . 

The conditions under which the speci- 
men is heated in the muffle furnace have 
an influence on the measurements made. 
The temperature of 750 C was selected 
because of its long use in this and other 
countries for exposure of the specimen 
in combustibility test methods. The 
temperature is lower than the maximum 
which would be expected in fires of even 
brief duration. It is, however, high 
enough to permit the ignition of magne- 
sium. Aluminum, on the other hand, will 
melt and not become inflamed. These 
results are believed typical of actual 
fire experience. The selection of specimen 
size, air feed rate, and duration of high- 
temperature exposure also insured com- 
plete combustion of the fuel fraction in 


cinder concrete specimens and the oxida- 
tion of carbon resulting from pyrolysis 
of wooden specimens. 


Combustion Promoter: 


The use of an additive to the specimen 
prior to testing in the bomb is intended 
to insure that burning of the combustible 
content is complete even when present 
in small quantities. The additive used 
was benzoic acid of known heating value 
(11). Determination of the minimum 
quantity of acid required was made by 
measurement of the percentage of acid 
consumed when mixtures of benzoic acid 
and aluminum oxide were burned in the 
combustion calorimeter. The results are 
shown in Fig. 2. It is evident that when 
the quantity of acid in the sample is less 
than about 30 per cent, combustion may 
be incomplete and reliable results should 
not be expected. Because of this, ma- 
terials suspected or known to have low 
combustible content are tested after 
addition of about 50 per cent benzoic 
acid. Acid additions are not required 
with woods, some plastics, and other 
materials involving high combustible 
content. The addition of a combustion 
promoter is always necessary for tests 
involving the residue fraction. 


Specimen Preparation: 

The material to be tested was pulver- 
ized to insure complete combustion and 
also to permit incorporation of the 
combustion promoter prior to pelleting, 
when necessary. This was accomplished 
by means of a hand mill for all but the 
hardest materials. A mortar and pestle 
as well as files or rasps have been found 
useful for some otherwise difficult ma- 
terials. 


PRECISION AND ACCURACY OF METHOD 

Standard combustion calorimetric 
techniques would be expected to yield 
highly precise measurements of the 
heating values of fuels. Perhaps preci- 
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sions on the order of 30 Btu per lb would 
be normal for good quality work with 
standard laboratory equipment and 
specimen weights of approximately 1 g. 
Such precisions should not be expected 
with the test procedure described here. 
Not only are differences of two measure- 
ments reported, but the method involves 
mixing a combustion promoter with the 
specimen as well as the additional com- 
plexity of accounting for weight changes 
resulting from the specimen exposure 
within the muffle furnace. As a result, 
errors of somewhat greater magnitude 
are to be expected. 

One way of exploring the precision of 
the method is to compare the difference 
between duplicate measurements of the 
individual calorimetric determinations 
with the mean heat of combustion values 
on the unfired specimens. It was found 
that the differences between duplicates 
were essentially independent of the hea. 
of combustion and had an average value 
of 100 Btu per |b. Similar treatment of the 
fired specimens yielded an average differ- 
ence of 34 Btu per lb. These averages 
correspond to standard deviations of 89 
and 30 Btu per lb for individual unfired 
and fired specimens, respectively, or 
about 63 and 21 Btu per lb for the 
average of two determinations. The 
precision of the potential heat measure- 
ment would then be the square root of 
the sum of the squares of these two or 
about 94 Btu per lb for one and 66 Btu 
per lb for the average of two determina- 
tions. 

As a means for demonstrating the 
sensitivity and usefulness of this method 
of measuring the heat release potential 
of building materials, a series of tests 
was performed with the use of plaster of 
Paris specimens to which various addi- 
tions of charcoal had been made. The 
mixtures of plaster and charcoal were 
made in the dry state. These were then 
hydrated and the hardened mixtures 
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used for potential heat determinations. 
From analysis of the plaster the hemi- 
hydrate (CaSO,-} H,O) content was 
determined as equal to 94 per cent. 
Computed values of the potential heat 
were prepared and are presented in 
Table I which provides an indication of 
the magnitude of errors in both precision 
and accuracy. Here, the apparent error in 


TABLE I.—COMPARISON OF COM- 
PUTED* AND MEASURED’ POTENTIAL 
HEAT OF MIXTURES OF PLASTER AND 
CHARCOAL. 


Charcoal in Mixture Potential Heat 
Apparent 
rror in 
Dry Hydrated Measure- 
Plaster laster |Computed,) Measured,| ment, 
Basis, Basis, | Btu per Ib) Btu per Ib| Btu per Ib 
per cent | per cent 
0 0 —2907) —290 
1 0.852} —170 —172 
2 1.705 —47 —29 +18 
5 4.28 318 357 +39 
10 8.64 934 833 | —101 
30 26.7 3 489 3 320 | —169 
50 45.4 6 142 6 140 —2 
100 100.0 13 870%; 13 870 are 


* Computations were made on the assump- 
tion of exact specimen preparation and meas- 
ured potential heat for charcoal and hydrated 
plaster of 13,870 Btu per lb and —290 Btu 
per lb respectively. 

> Measured values are averages of two de- 
terminations with combustion promoter in con- 
centrations of 50 per cent. 


measurement is reported as the deviation 
of the experimentally determined value 
from the computed value of potential 
heat. These errors appear to be of a 
random nature (see Fig. 3). It is therefore 
evident that under the conditions of the 
test complete combustion was achieved 
in the calorimeter even for mixtures of 
very low potential heat. It can be shown 
from these data together with other data 
on different types of materials containing 
carbon in known or estimable percent- 
ages that the heat of combustion of the 
carbon fraction in the material is inde- 
pendent of the amount or nature of the 
combustible or of the inert filler. 
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RESULTS 


Table II presents the results of poten- 
tial heat measurements made on a 
variety of building materials. The ma- 
terials listed here were selected largely 
to provide an indication of the manner 
in which the test method would classify 
materials. It should not be assumed that 
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Fic. 3—Comparison ot Computed and Meas- 
ured Potential Heat of Mixtures of Plaster and 
Charcoal. 

Computations based upon measured potential 
heat for charcoal and hydrated plaster and as- 
sume exact specimen preparation. 


all materials which conform to the brief 
descriptions given will show the same 
potential heat. Potential heat is tabu- 
lated here as heat release per unit weight, 
per unit volume, and per unit area for 
impermeable materials subject only to 
surface reactions. For discussion pur- 
poses, Table II also presents the flame 
spread index of those materials which 
have been tested by the radiant panel 
method (12). 

Examination of this table shows that, 
for the materials studied, potential heat 
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varies from about —300 Btu per lb to 
17,000 Btu per lb. Materials such as 
brick, asbestos-cement board, concretes 
with the exception of cinder aggregate, 
and the gypsum plasters showed very 
low potential heat while cork, polysty- 
rene, and asphalt-impregnated building 
paper showed very high values. Ex- 
panded metal lath, gypsum lath and wall 
board exhibited potential heat values 
which were in the range 300 to 1700 
Btu per lb. 

With materials such as woods and 
plastics, the quantity of residue (ash) 
remaining after firing was so small it 
was not necessary to make a calorimetric 
determination on the residue. In cases 
such as these, the potential heat reported 
was considered equivalent to the gross 
heat of combustion of the material. 

The high potential heat of woods was 
not noticeably affected by impregnation 
with fire-retardant treatments for which 
studies were made. The apparent slight 
reduction of potential heat on a weight 
basis may be largely attributed to an 
increase in density resulting from the 
treatment process. Fire endurance tests 
of laminated panels (13) have shown only 
slight increase in the time to burn 
through treated panels as compared with 
that for untreated specimens. In one pair 
of panels of 2} in. over-all thickness 
built up with tongue and grooved core 
and 3% in. veneer crossbanding, the 
times to flame-through were 72.1 and 
69.2 min for retardant-treated and un- 
treated specimens, respectively. How- 
ever, other studies on built-up wood par- 
titions of 4- and 6-in. thicknesses have 
shown up to 33 per cent improvement in 
fire endurance resulting from complete 
impregnation (14). 

The fire retardant treatments did have 
a very significant effect upon the flame 
spread index values, also listed in Table 
II. The efficacy of the treatment appears 
to lie almost entirely in its ability to 
retard the surface spread of flame. 
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While one plastic, polystyrene, showed 
the highest potential heat measured 
during the study, two others showed 
potential heat similar to that of woods 
when compared on a weight basis. 

The so-called noncombustible insula- 
tion materials tested exhibited potential 
heat which, while low, was not negligible. 
The potential heat for glass-fiber ma- 
terial resulted from its phenolic binder 
while that for mineral wool insulation 
included the contribution of the paper 
package enclosure. In the case of such 
low-density fibrous insulation materials, 
comparison of potential heat values may 
be more meaningful when considered on a 
volume basis. 

The concretes in general exhibited low 
potential heat. The potential heat values 
for expanded slag, shale, and the siliceous 
aggregates were nearly zero. The poten- 
tial heat for the concrete incorporating a 
calcareous aggregate was found to be 
slightly negative. This latter effect would 
be expected as a result of the heat absorp- 
tion required for calcination of the 
aggregate and seems to imply that some 
calcination does take place during the 
brief high-temperature exposure within 
the bomb. The cinder aggregate concrete 
specimens tested exhibited significantly 
positive values of potential heat. The 
effect of the unburned fuel fraction in 
cinders contributing to the severity of 
building fires has been noted during 
burnout tests at the National Bureau of 
Standards. 

Fire endurance tests on concrete ma- 
sonry wall units performed by Menzel 
(15) have also shown that the addition 
of solid fuels to cinder aggregates reduced 
the gas requirement for performance of 
the test. This latter effect would, of 
course, be indicative of heat release by 
the specimen since control of the gas 
feed is such as to maintain a fixed time- 
temperature exposure relationship. 

Due to endothermic chemical reac- 
tions, the gypsum plaster specimens 
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showed low or negative potential heat. 
_ The potential heat of pure hydrated neat 
gypsum plaster was found to be —290 
Btu per lb. Higher potential heat was ob- 
tained with the paper-coated gypsum 
wallboard specimens than with the plas- 
ters due to the contribution of the paper 
facing. A slightly higher potential heat 
was obtained with a gypsum wallboard 
specimen containing a paint overcoat. 

The laths studied included both gyp- 
sum lath and expanded metal lath. The 
potential heat of the gypsum lath was 
slightly less than that of gypsum wall 
boards of the same thickness. That for 
the metal lath was largely due to the 
paint which had been applied and the 
surface oxidation of the metal. 

In preparing metal specimens for fir- 
ing, sheet strips were multiply-folded to 
the dimensions required. Of the metals 
tested, only steel, copper, and brass did 
not melt at 750 C, and since these were 
subject to surface oxidation, it seemed 
_ proper to report potential heat on the 
__ basis of the exposed surface area. Magne- 
_ sium was the only metal tested which 
burned when exposed to the conditions of 
_ the muffle furnace. With the exception of 
magnesium, the oxidation of the metals 
studied was not severe and potential heat 
was low but not zero. 


DISCUSSION 


Experience with the test procedure in- 
dicates that it is applicable to a wide 
variety of building materials. It appears 
to provide a useful tool for determining 
potential heat which is a measure of that 
portion of the gross heat of combustion 
_ liberated during exposure to a simulated 
standard fire at 750 C. The method has 
the advantage over previously used com- 
_ bustibility test methods of providing a 
_ quantitative measurement of the heat 
release during such exposure and is par- 
ticularly suited for measurements on 
metals and on materials of low combusti- 
bility. 
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The data presented in Table II show 
little correlation between the potential 
heat and flame spread index properties of 
the materials studied. This fact raises 
questions about the usefulness of surface 
flammability test methods for assessing 
the heat release likely to be experienced 
from building materials during fires. 

The only other calorimetric method of 
a similar nature known to be used in this 
country at the present time is the Fac- 
tory Mutual Laboratories’ Construction 
Materials Calorimeter (8). This method 
requires a large specimen 4 by 4 ft in size 
and representative in thickness and con- 
struction of the building structure to be 
simulated. It provides a useful means for 
measuring the rate at which the structure 
will liberate heat during fire exposure on 
one surface. Also, by integration tech- 
niques, it can provide an indication of the 
heat release rates for fires of various dura- 
tions. However, because of the problems 
associated with heat losses through the 
specimen, it seems doubtful that this 
method is suitable for total heat release 
measurements. It seems likely that for 
the case of very thin panels of translucent 
combustible materials, such as plastics, 
such losses could very well exceed the 
heat of combustion. 

Probably the two methods should be 
considered as complementary, one pro- 
viding a laboratory method for measure- 
ment of total heat release with small 
specimens and the other providing for 
measurement of the rate at which heat 
generation by the large specimen exceeds 
the losses through it. Certainly, studies 
performed with the use of this large-scale 
test method would prove useful in show- 
ing the appropriate manner to be used in 
application of the laboratory test results. 

During the studies performed, only one 
material, graphite, failed to burn in the 
bomb but was consumed in the firing 
process. Complete combustion of graph- 
ite in the bomb was not obtained even 
with the addition of an equal weight of 


F 

‘ 
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combustion promoter. The problems of 
calorimetric measurements with graphite 
have been reported (16). Accordingly, 
when the presence of graphite is sus- 
pected, the residue from the bomb should 
be examined and, if necessary, fired to 
determine the amount of unconsumed 
carbon by weight-loss measurements. 
Charcoal which comprises carbon with 
some chemically bonded hydrogen was 
not subject to this difficulty and was 
readily burned in the bomb. For all the 


TABLE III.—ESTIMATED CORREC- 
TIONS TO POTENTIAL HEAT MEASURE- 
MENTS FOR HEAT OF VAPORIZATION 
EFFECT.¢ 


Water 4 
resent an 
Resulting 
Material c Correction 
‘ombustion, 
per cent Btu per lb 
by weight 
Douglas fir........... 64 —1130 
69 —1180 
Vinyl chloride......... 43 —740 
Gypsum plaster (neat)... 21 —360 
6 —102 


“Based on enthalpy difference at atmos- 
pherie pressure between that of water at 20 C 
and steam at 750 C. 


materials tested, corrections for the ni- 
trogen oxidation amounted to less than 
100 Btu per lb. Except in the case of gyp- 
sum, no sulfur corrections were neces- 
sary. 

Mention should be made of the fact 
that the calorimetric methods used result 
in the condensation of water formed as a 
product of combustion. Because of this, 
the values reported are representative of 
the gross heat of combustion of the ma- 
terials and, as such, include the heat lib- 
erated on condensation of the water 
vapor. During fire exposure, however, 
the bulk of the water vapor formed 
escapes without condensation and the 
net heat of combustion probably gives a 
closer approximation to the heat avail- 
able. It appears beyond the scope of this 
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paper to present a complete discussion of 
this aspect of the procedure. However, 
the data in Table III are presented for 
the purpose of estimating the magnitude 
of this effect. The data presented were 
determined from steam table data for the 
difference in enthalpy between water at 
20 C and steam at 750 C, both at at- 
mospheric pressure. It was further as- 
sumed that the combined and free water 
initially present in the material were not 
chemically changed. Actually this latter 
assumption appears likely to be proper 
for all materials listed with the single ex- 
ception of gypsum. The negative poten- 
tial heat listed in Table II for gypsum 
appears to result from at least partial 
chemical decomposition of the hydrated 
gypsum. For the other materials listed 
the applicable correction for water is but 
a small fraction of the value of the poten- 
tial heat. Table III is presented here only 
for discussion purposes. It appears inad- 
visable to attempt correction of experi- 
mental potential heat data for the 
purpose of compensation of these heat of 
vaporization effects. 


CONCLUSION 


The following conclusions seem justi- 
fied on the basis of the work reported: 

1. A method has been developed for 
measuring the potential heat of building 
materials with the objective of providing 
an indication of the heat release likely to 
occur during building fires. 

2. Measurements have been made of 
both potential heat and flame spread in- 
dex properties of a wide variety of build- 
ing materials. In general, there was little 
correlation observed between these two 
material properties. 

3. For gypsum, chemical decomposi- 
tion reactions result in a potential heat 
for this material which appears to par- 
tially account for endothermic effects 
during fire exposure. This effect was also 
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observed for two concretes but was not 


observed for other materials in which po- 
tential heat values measured should be 


ss Lorrus, Gross, AND ROBERTSON 
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considered indicative of the combined 
heat of combustion and heat of condensa- 
tion of water vapor. 


EXPERIMENTAL PROCEDUR 


This procedure is suitable for determina- 
tions on simple materials or on composite 
assemblies made up of a number of materials 
which can be pulverized into a homogeneous 
mixture.‘ 

Specimen.—Two air-dry test samples are 
required for each determination, both must 
be representative of the material or as- 
sembly involved. A sample was considered 
air-dry when in moisture equilibrium with 
an atmosphere maintained at 73 + 5 F 
and 50 + 5 per cent relative humidity. 
Treatment of these two samples are de- 
scribed separately: 


Specimen for Direct Bomb Test: 


1. All or a representative portion of this 
specimen was pulverized into a form suitable 
to pass a No. 60 sieve. 

2. A 1-g pellet of a representative sample 
of the powder formed in step 1 was prepared. 

3. This pellet was used as the test speci- 
men following the procedures for determina- 
tion of the heat of combustion recom- 
mended in reference (10). The usual sulfur 
and acid corrections were made. These take 
into account the oxidation of sulfur and 
nitrogen, if present, which would not 
normally occur during fire exposure. 

4. The fuel capsule was examined after 
firing the bomb. If the pellet burned com- 
pletely, leaving no significant amount of 
ash, the heat of combustion computed on an 
air-dry basis was recorded and steps 5 
through 7 were omitted. 

5. If the pellet did not burn or a sig- 


4 Caution should be observed when perform- 
ing bomb calorimetric measurements on mate- 
rials containing significant proportions of me- 
tallic ingredients. Apart from the high reaction 
temperatures which may occur with the result- 
ing possible involvement of portions of the 
bomb, consideration should be given to the pos- 
sibility of electrical shorts in the ignition system. 


nificant amount of ash remained after step 
4, a second 1-g pellet was prepared with an 
intimate mixture of the powdered sample 
and a standard sample of benzoic acid in 
equal weight proportions. 

6. The pellet prepared under step 5 was 
used as the test specimen following the 
same procedures as for item 3 above. 

7. A correction for the heat of combustion 
of the benzoic acid present in the pellet was 
applied to the measured heat released by 
the specimen and the heat of combustion 
was then computed on an air-dry basis. 


Specimen for Muffle and Bomb Test: 


1. A representative air-dry specimen of 
the material, or assembly, was cut in the 
form of a rectangular prism having di- 
mensions of 4 by } by 3 in. In the case of 
sheet materials, folded or laminated as- 
semblies were formed to these dimensions. 

2. The weighed specimen was supported 
in a fused silica contatner of 1} in. inside 
diameter by 4-in. length. The specimen, 
container cap, and a tube for supply of air 
to the bottom of the container were as- 
sembled. The assembly was then placed on 
a firebrick support within an electric muffle 
furnace maintained at 750 C. Air was 
supplied at a rate of 0.1 cu ft per min 
measured under laboratory conditions to 
assist in oxidation of the specimen. In 
cases where ignition occurred immediately, 
application of air was delayed until initial 
flaming had stopped. Firing of the specimen 
at the above described rate of air supply 
was continued for 2 hr. 

3. The silica container with specimen was 
removed and placed in a desiccator to cool. 
Measurements were then made to determine 
the weight loss of the specimen. 

4. If the residue from the firing procedure 


= : 
= 
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was less than 5 per cent of the initial speci- 
men weight, the following steps were 
omitted and the heat of combustion deter- 
mined under the direct bomb test was re- 
ported as the potential heat of the material. 

5. If the residue from step 4 was in 
excess of 5 per cent of the specimen weight, 
this residue was pulverized and the same 
procedures used as for steps 5 through 7, 
under the direct bomb test. The resulting 
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heat of combustion was reported as that of 
the residue. 


6. The heat of combustion of the residue 


was multiplied by the ratio of the residue 
weight to the original specimen weight. 


7. The resulting difference in the heats 


of combustion was a measure of the heat 


released during the firing process in the 
muffle furnace and was reported as the 
potential heat. 
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Mr. L. Boor.'—The topic discussed 
was one of great interest in the early days 
of plastics, most of which were highly 
flammable. The same sort of calorimeter 
approach was tried, but one of the as- 
pects of this kind of testing became what 
has been referred to as “vigorously con- 
troversial.” That is, the heat of evapora- 
tion of the water in open flame is lost, 
and in the calorimeter it is retained. 

Is there any way of getting around 
that or how do you resolve that? 

Mr. Notan D. want 
to compliment the authors on the devel- 
opment of this process. They do not, 
however, cover the question of laminated 
materials which have highly combustible 
materials exposed to fire and rapid com- 
bustion, as facings over other materials 
which do not burn so rapidly. The proce- 
dure gives us only the total heat released 
upon complete combustion. It occurs to 
me that rate of heat release is just as 
important as having the total heat re- 
leased. 

Another thing mentioned is the great 
difference in the treated wood and the 
untreated wood, as far as flame spread 
is concerned, but as a matter of fact 
when you have conditions to cause the 
treated wood to burn, you get fairly 
close to the total heat release that you 
would have with the untreated wood. 


1 Chief-Instrumentation, Military Clothing 
and Textile Supply Agency, Technical Division, 
Philadelphia Quartermaster Depot, Phila- 
delphia, Pa. 

2 Formerly of the National Bureau of Stand- 


ards; Arlington, Va. 


DISCUSSION 


That has been observed in our fire tests 
at the Bureau of Standards. 

Messrs. J. J. Lortus, D. Gross, AND 
A. F. ROBERTSON (authors’ closure).— 
The authors appreciate the comments of 
Messrs. Boor and Mitchell. 

The question raised by Mr. Boor is 
one for which no specific answer can be 
given since the quantity of heat repre- 
sented by the evaporation of water de- 
pends upon assumptions applicable to 
the particular fire situation. The assump- 
tions used in estimating the corrections 
in Table III, namely complete combus- 
tion, steam superheated to 750C and 
no recondensation, were illustrative and 
represent only one set of conditions. We 
have followed the usual practice in 
making heat balance calculations by 
reporting the gross values and suggesting 
in this table a method of correcting for 
the heat content of water vapor for these 
conditions. 

The importance of the rate of heat 
release of materials in building fires was 
emphasized by Mr. Mitchell. In addi- 
tion to the total heat which any building 
element may contribute to support a 
fire, the rapidity with which heat is 
developed is obviously of significance 
and thus calorimeters such as that used 
by the Factory Mutual Laboratories 
seem appropriate for such measurements. 
From a regulatory standpoint, it seems 
reasonable that consideration might be 
given to the establishment of safe limits 
for the potential heat, rate of heat re- 
lease and surface flammability of mate- 
rials for particular occupancy require- 
ments. 
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A METHOD FOR DETERMINING THE PLASTIC FLOW PROPERTIES OF 
SHEET AND ROUND TENSION TEST SPECIMENS* 


By J. Nunes! anp F. R. Larson! 


SYNOPSIS 


An experimental procedure is described for obtaining continuous load- 
profile measurements of sheet and round tension specimens during plastic 
flow. Some data obtained on tempered alloy steel, titanium, 301 stainless 
steel and an aluminum alloy are presented to illustrate the uses and advan- 
tages of this testing methcd. With this procedure, it was possible to obtain 
the following data from a single test curve; true stress-strain, true strain rate, 
mechanical anisotropy and “corrected” flow stress. 

Tests were conducted primarily at room temperature on sheet material 
with some low-temperature tests conducted on the 301 stainless steel. A 
round tension specimen of aluminum was also tested to illustrate a method 


technique. 


Ludwik (1)? was the first to use true 
stress-strain data in plastic flow analysis. 
These data were obtained by measuring 
the instantaneous minimum dijameter of 
the specimen with a micrometer at some 
corresponding instantaneous load. Mac- 
Gregor (2) was perhaps the principal 
exponent of this type of test for the use- 
ful analysis of plastic flow properties. 
Interest in obtaining more basic plastic 
flow properties from the simple tension 
, test has led later investigators (3-7) into 
devising methods for obtaining true 
| stress-strain data more effectively. These 
devices were mechanical (3,4) or electro- 
mechanical (5,6) diameter gages which 
5 were usually manually operated. Recent 


5 * Presented at the Sixty-fourth Annual Meet- 
ing of the Society, June 25-30, 1961. 

1 Materials Enginecr and Physical Metal- 
. lurgist, respectively, U. S. Department of the 
is, Army, Ordnance Corps, Watertown Arsenal 
Laboratories, Watertown, Mass. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


for determining “corrected” flow stress values according to the Bridgman 


developments have improved this type 


of gage to the point where it is now pos- 
sible to obtain minimum diameter read- 
ings automatically at extremely low 
testing temperatures (7). However, as all 
these gages have been employed in de- 
termining the minimum diameter of a 
round tension specimen and were not 
suitable for sheet specimens, it was felt 
that a method for measuring sheet ten- 
sion specimens should be developed. Also, 
such tests would be of value because of 
the general lack of true stress-strain data 
available on sheet and the tremendous 
amount of interest currently centered 
around high-strength sheet materials. 

It is the purpose of this paper to de- 
scribe the test method developed and to 
illustrate the application of this method 
for determining such plastic flow proper- 
ties as true stress-strain, true strain 
rate, mechanical anisotropy, and “cor- 
rected” flow stress. 

Most of the data used in this investiga- 
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tion have been obtained from a previous 
study on high-strength sheet materials 
(8). Data were obtained on a round ten- 
sion specimen of aluminum in order to 
illustrate a method for determining “cor- 
rected” flow stress values from neck 
geometry measurements (9). All tests 


were conducted at room temperature 
with the exception of the 301 stainless 
steel which was tested over a tempera- 
ture range of room temperature to 
—196C. 


DESCRIPTION AND OPERATION 
oF APPARATUS 


Powell, Marshall, and Backofen (6) 
designed a diameter gage whose basic 
features are maintained in the gage used 
here. However, the most important 
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Fic. 1.—Diameter Gage Assembly. 


modification in the present gage was the 
addition c* a pair of cantilever arms 90 
deg opposice the originally designed pair. 
This was first done at Watertown Arsenal 
Laboratories several years ago in order 
to obtain average area measurements of 
the elliptical cross-sections encountered 


RACK GEAR 


SLEEVE 


LIMIT SWITCH 


STRAIN GAGE 


CANTILEVER ARM 


PINNED SPECIMEN 
HOLDER 


‘ 


in tension tests of round titanium speci- 
mens. By changing the Wheatstone 
circuit of this gage to give independent 
signals of width and thickness change and 
by modifying the cantilever arms in the 
width direction, it was possible to accom- 
modate sheet specimens. 

Basic components of the diameter gage 
assembly are shown in Fig. 1 with a sam- 
ple specimen in testing position. Located 
on the lower end of the cantilever arms 
are knife-edge fingers which are adjust- 


\ 
— 
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able to the specimen cross-section. These 
fingers act as sensing elements by deflect- 
ing when the specimen deforms. These 
deflections are converted to electrical 
signals at the strain gages located at the 
upper end of the cantilever arms. 
Placed between the strain gage com- 
ponent and the cantilever arm is an 
insulator used to minimize the tempera- 
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assembly, it was possible to obtain 
continuous travel along the specimen 
surface at a predetermined rate set by a 
Variac control. The limit switches were 
provided to control the total travel of 
the diameter gage assembly in either 
direction and are adjustable to the speci- 
men gage length. 

Illustrated in Fig. 2 is the wiring 


Fic. 2.—Wheatstone Bridge Circuit and Strain Gage Locations on Cantilever. 


ture gradient effects obtained at low 
testing temperatures. An epoxy resin 
adhesive was used to bond the strain 
gages on the sides of the cantilever arm 
assembly. A spring is attached, as shown, 
to each arm to reduce any vibration 
picked up by the arm as it traverses the 
specimen surface. The sleeve, on which 
the cantilever arm assembly is attached, 
was made to align with the shaft holding 
the tension specimen and was free to 
slide vertically along the shaft. By at- 
taching a rack gear and a motor to the 


diagram of the Wheatstone Bridge cir- 
cuit employed in this assembly. The C, 
and C2 resistors are placed on the 
compressive side of the cantilever arms 
with the 7; and T> resistors placed on — 
the tension side as shown. This circuit © 
is the same for both pairs of arms, which 
results in signals being obtained inde- 
pendently in the width and thickness 
directions of a specimen. 
A photograph of the test setup is 
shown in Fig. 3 with a specimen in posi- 
tion ready for testing. It can be seen that 
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the diameter gage assembly is relatively 
compact and is positioned over the speci- 
men in such a manner that a liquid 
coolant tank can be placed into the setup 


f 


@ DIAMETER GAGE ASSEMBLY 

© TEST SPECIMEN 

@ MECHANICAL TESTING MACHINE 
@© VARIAC CONTROL 

@RELAY BOx 

(LOAD CELL) DYNAMOMETER 
@OSCILLOGRAPHIC RECORDER 


for low-temperature testing. The test 
machine partially shown here is a 30,000- 
lb capacity mechanical testing machine. 
Two shafts mounted between the platen 
heads of the machine hold the specimen. 
One of these is simply a pinned holder, 
while the other is made up of two parts, 
a holder and a dynamometer through 
which the load was recorded. To the 


@ MOTOR DRIVE FOR DIAMETER GAGE ASSY. 


Fic. 3.—Test Setup. 
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left is a six-channel oscillographic re- 
corder which was used to obtain a record 
of the load-profile measurements. 


All tests were run at a constant cross- 


head speed to give an initial strain rate 
of 0.01 per min. Records of load versus 
crosshead displacement were used to 
obtain yield strength values at the lower 
testing temperatures. Tests conducted 
at room temperature were run with a 
snap-on extensometer attached to the 
specimen to 0.2 per cent offset yield with 
the diameter gage retracted in the “up” 
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position. After the desired yield was 
obtained, the diameter gage was set into 
operation to record the resulting de- 
formation to fracture. 

Figure 4 shows a typical record. Only 
selected segments are shown as it would 
have been impractical to reproduce the 


O005"/ LINE 


entire chart length here. Representative 
points are taken at different time inter- 
vals to serve as an example of the type 
of curve obtained. Each segment shown 
has two complete cycles of. width or 
thickness. These cycles are mirror images 


° (at slow rates of deformation) as they 
. represent the profile records obtained on 
d the upward and the downward scan. One 
. scan or cycle represents 2.75 in. gage 
h length for the sheet specimens and 1.25 


in. gage length for the round specimens. 
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Fic. 4.—Typical Load-Profile Record. 


TRUE STRESS-STRAIN 
DETERMINATIONS 


To orientate the reader, the room tem- 
perature plastic flow properties and the 
yield stress and ultimate tensile stress for 
all the materials mentioned are listed in 


Table I along with the dimensions of the 
type of specimens used. A more complete 
analysis of the sheet materials studied 
can be found in the Larson and Nunes 
paper (8). 

By definition, true stress, ¢, and true 
strain, €, are: 


and 


where: 
P = applied load, 
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TABLE I—MECHANICAL PROPERTIES AT ROOM TEMPERATURE. 
Ultimate 

b Yield 
Material 70-04" of’, b | Stress, | Tensile 
Steel 

H-11—950 F temper... 296 200/305 400/371 000/287 200 
1000 F_ temper... 127/286 900/281 300 000/274 700 
1050 F temper... 266 700/262 600/354 800/255 300 
1100 F temper... 237 000/243 700/311 000/0.059/0.328]0.058]195 700/229 800 
«1200 F_ temper... 151 500/159 400/229 700/0.068/0.434/0.074|120 200|148 900 
1800 F_ temper. .. 127 500]141 200/205 000/0.098/0.434/0.102]119 000]127 900 


301 stainless—%4 hard. . 
AMS 5548* 900 F age... 


151 000/235 000 000)0 .348/0 .463 
198 000/220 500 


-330/131 300/159 100 


400/0 .118/0.324/0. 136/184 000/195 600 


1000 F age... 170 000/193 000/255 300)0.112/0.428/0.120/155 000/172 500 
Titanium 
122 500}134 400/145 300/0.100/0.173/0.098]105 700}118 600 
101 000/103 600/150 98 600] 99 700 
Aluminum 
0.252-diam | 58 500] 79 100/100 000/0. 148/0.442 -212} 44 000) 68 300 


* Aeronautical Materials Specification. Semi-austenitic stainless steel with chromium-nickel- 


molybdenum and no aluminum. 


’ Symbol nomenclature—oo.o = True stress ate = 0.04 

omit = True stress at maximum load 
oy = True stress at fracture 

€mt = True strain maximum load 
¢s-t = True strain in the thickness direction at fracture 
n = Strain hardening exponent 
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A, 
A; 


original area, and 
instantaneous area. 


For round bars the true strain (based 
on diameter measurements) would sim- 
ply be: 


Also as € = €w + €; , the width and thick- 
ness strains, and respectively, may 
be expressed as: 


Wo 
é» = In and T, 

The width and thickness were meas- 
ured independently from the load-profile 
record. These values were taken at the 
minimum cross-section with load read- 
ings taken at the corresponding point. 

The true stress-strain data obtained 
in this manner for three types of sheet 


material, H-11, titanium, and 301 stain- 
less steel are illustrated in Figs. 5 to 7. 
It can be seen that these curves are 
similar to those obtained from round 
tension specimens. 

For determining the work-hardening 
property from this type of test, the data 
can be replotted on log-log paper. The 
slope of this plot, m, is from the equation: 


This exponent is called the strain-harden- 
ing exponent and represents the work- 
hardening ability of the material; 5S, is 
the intercept of the flow stress at a strain 
of 1. Low values indicate low rates of 
work hardening. Figure 8 illustrates a 
curve of this type for the H-11 steel. As 
no stress corrections are made for the 
hydrostatic stress component which 
may have been introduced in the flow 
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stress values observed due to necking, men at a constant rate), it was possible 


1355 


NUNES AND LARSON ON PLaAsTIC FLOW PROPERTIES 


the constant slope, m, does not go through in this investigation to see the develop- 
the remaining points after maximum ment of local deformation and to deter- 
load. mine the true strain rate at any point 


| 
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Tempering 
Symbol Temperature, deg Fohr 
950 
a 
50 ° 1200 
° 1300 


0.05 0.10 O15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 


_ Fic. 5.—Room Temperature True Stress-Strain Curves of H-11 at Various Strength Levels. 
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Fic. 6.—Room Temperature True Stress-Strain Curves for Titanium 16V-2.5Al and 4Al-3Mo-1V. 


TRUE STRAIN RATE DETERMINATION along the specimen. True strain rate by — 
As a more continuous curve is ob- definition is: 
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_ Fic. 7.—True Stress-Strain Curves of 301 Stainless Steel, } Hard, at Testing Temperatures of 
Room Temperature to —196 C. 
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Fic. 8.—Room Temperature Log True Stress Versus Log True Strain Curve for H-11 at 1300 F 
Temper. 

It was felt that a description of the true strain rate variation with the true 
variation of true strain rate at the mini- strain. Superimposed on this plot are 
mum cross-section would be of interest. the curves for constant true strain rate 
Figure 9 dramatically illustrates this and the true strain rate obtained during 


tm 
~ 
» 


uniform deformation (at constant cross- 
head speed). It can be seen that strain 
rate determinations based upon a con- 
stant crosshead speed can be consider- 
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strain rate can be seen to be occurring. 
The corresponding profiles are shown to 
illustrate how this curve is related to the 
profile record. 
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Fic. 9.—True Strain Rate Versus True Strain for AMS 5548, 900 F Age and Ti-4Al-3Mo-1V, _ 


Tested at Room Temperature. 


ably in error once local deformation 
ensues. These true strain rate data were 
determined graphically from strain-time 
plots similar to that shown in Fig. 10 
by measuring the slope at various points 
along the curve. 

The material shown in Fig. 10 is ? 
hard 301 stainless steel. of the 
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MECHANICAL ANISOTROPY 


DETERMINATION 


Mechanical anisotropy, K, is defined © 
as follows: 


As € = é» + e, by substituting, Eq 6 
becomes: 
K = e/g — 1. (7) 


: 
| 
ue 


0.08 Min~! 
| Min~! 
0.004 Min~! 


0.15 


Representative Profiles 
in 


/ 9.087 
J 4 0.092 
4 0.097 

4 0.102 

0.107 


2 a 6 8 io 12 14 
Time (Minutes) 


20 22 24 26 28 30 


Fic. 10.—True Strain Versus Time Plot for 301 Stainless Steel at —196 C. 
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Experimentally, K was determined by 
plotting «,, versus ¢, and measuring the 
slope of the linear portion of the resulting 
curve. Figure 11 shows a plot of this 
type. It can be seen that nonlinearity 
occurs approximately after the strain at 


aT 3 0002 0.06 0.10 0.14 0.18 0.22 0.26 0.30 0.34 0.38 0.42 0.46 0.50 


Fic. 11.—Width Strain, ¢, , Versus Thickness Strain, ¢,, for AMS 5548, 1000 F Age, Tested at 


maximum load. This departure from 
linearity can probably be attributed to 
the fact that a shear band forms in the 
thickness direction which localizes the 
width strain to the width of the band, 
resulting in lower measured values of €, 
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than would have perhaps been observed 
if no band had occurred. This apparently 
was the case for the titanium tested, 
where no shear bands were observed and 
where it was found that the curves re- 
mained essentially linear to the vicinity 
of fracture. 


TABLE II.—MECHANICAL ANISOT- 
ROPY VALUES, K, FOR THE VARIOUS 
MATERIALS TESTED AT ROOM TEM- 
PERATURE. 


Steel Titanium K 
4Al-3Mo-1V......... 7.20 
0.46 


* Average values taken from more than one 
t. 
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that such phenomenon as fracture is 
dependent on the anisotropic behavior 
of a material. Tabulated in Table II are 
values of K obtained for the sheet mate- 
rials mentioned. The K value of 7.2 for 
the titanium material shown demon- 
strates a relatively strong effect of direc- 
tionality. This type of behavior has been 
known to occur for titanium due to 
crystallographic effects creating preferred 
planes of deformation. 


“CORRECTED” FLOW STRESS 
DETERMINATION 
Referring to Fig. 8, it can be seen that 
after local necking occurs, the experi- 
mental stress points do not follow the 
slope, ”. This phenomenon may be at- 
tributed to the local stress increasing due 
to the formation of hydrostatic stress 
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Fic. 12.—Room Temperature True Stress-Strain and a/R Curves for 24S-T4 Aluminum. 


_ Anisotropy measurements in the plane 
undergoing maximum deformation (the 
minimum cross-section) are of interest 
as they tend to show the relative resist- 
ance to deformation of one principal 
strain direction to another. This may be 
extremely important if it can be shown 


components at the neck. Bridgman (9) 
has formulated an expression for correct- 
ing this stress based on the above as- 
sumption. This “corrected” flow stress, 


a, has been shown to follow the slope | 


to fracture and has been generally ac- 
cepted as a reasonable description of the 
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flow stress existing if no neck were 
present. Marshall and Shaw (10) meas- 
ured the neck geometry of a steel and 
copper tension specimen and were able 
to calculate the o, values from Bridg- 
man’s equation given below: 


= 
2R/a) In (1 + @/2R) @) 
where: 
a = radius at the minimum cross-sec- 
tion and 


R = radius of curvature at the neck. 


TABLE III.—COMPARISON OF TRUE 
STRESS DURING NECKING WITH CAL- 


CULATED AND “CORRECTED” FLOW 
STRESSES FOR 248-T4 ALUMINUM. 
“Cor- 
|Calculated 
True ted 
True a/R | Stress, tom 
ae 0.002) 84 000 | 83 900 | 83 500 
St ae 0.009) 87 900 | 87 500 | 86 900 
0.272.. 0.015) 89 500 | 88 800 | 88 100 
ee 0.032) 90 500 | 89 100 | 89 700 
eer 0.080} 93 500 | 91 700 | 92 500 
ee 0.103: 96 400 | 94 400 | 94 800 
0.442..... 0. 162/100 000 | 96 000 | 96 800 
* Based on n froma = Se" 
n = 0.196 
S; = 114,000 


R was measured by Marshall and Shaw 
(10) by placing a metal cone against the 
neck and reading off the radius at a point 
where the cone and neck matched. To 
see if the method for obtaining a speci- 
men profile used in this investigation 
could be employed toward determining 
the radius of curvature at the neck, an 
aluminum alloy was tested at room tem- 
perature. Because the correction of o to 
o; is much simpler with a round isotropic 
tension specimen, this type was used. 
Figure 12 illustrates the true stress- 
strain curve for this material and the 
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ratio of a to R, which was calculated from 
the following formula? 


where: 


2L, = cord of circle of radius R, 

a, = perpendicular distance from the 
center of the cord to the center of 
its arc, and 


D; = instantaneous diameter (2a). 


Listed in Table III are the true stress- 
strain values and the corresponding 
corrected, o;, and theoretical, o, , flow 
stresses which were calculated from Eq 5. 
It can be seen that the o; and o, values 
are in close agreement. Also tabulated 
are the a/R values which were obtained 


and used in calculating o; . 


Specifically, the method used here has 
been shown to be capable of obtaining 
relatively continuous load-profile rec- 
ords of both sheet and round tension 
specimens at moderate rates of strain 
and test temperatures down to —196C. 
It has been demoristrated that basic 
plastic flow properties can be adequately 
and relatively easily obtained for the 
materials illustrated here (from the 


simple tension test.) 

The authors wish to acknowledge the 
assistance given by Thomas S. DeSisto 
of Watertown Arsenal Laboratories, who 
has been primarily instrumental! in the 
development of diameter gages and 


measuring devices similar to that em- 
ployed by the authors in this paper. 


CONCLUSIONS 


3 Derivation of Eq 9 is found in the Appendix 
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a = Radius of specimen at minimum sec- 
tion and 
R = Radius of curvature at minimum sec- 


tion. 


Constructing the following geometrical fig- 
ure: 


a, = Perpendicular distance from arc to 
center of chord and 
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A NONLINEAR DIFFERENTIAL EQUATION FOR THE 
EVALUATION OF SOLID DAMPING 


By G. M. SmitH! anp D. ALBEE? 


SYNOPSIS 


This paper describes a nonlinear differential equation for the evaluation of 
solid damping of nonviscoelastic materials. Rectangular and circular canti- 
lever beams are reduced to equivalent spring and mass systems in which the 
solid damping is considered to be proportional to the product of displacement 
and velocity. The free damped vibrations of beams of various lengths are re- a : 
corded on oscillograph tapes. Damping parameters are then evaluated by ; 
matching oscillograph tapes of analog computer solutions with corresponding _ 
oscillograph tapes of the free damped vibrations of the test specimens. The 
results presented in this paper indicate that the ratio of the damping coefficient, _ 


frequency. 


DAMPING 


Solid damping is the phenomenon 
whereby elastic and inelastic materials 
dissipate energy when subjected to vi- 
brations, either free or forced. In highly 
elastic materials, such as steel, the en- 
ergy dissipated by damping is quite 
small, while in inelastic materials, such 
as lead, this energy dissipation is quite 
large. Such energy is dissipated within 
the material itself by some internal 
mechanism. 

The mechanism of solid damping is not 
well understood, and as a result various 
mechanical models have been devised to 
simulate the mechanism and behavior of 
materials as associated with deformation 
and time (1). The basic units for the 
formulation of mechanical models are 


1 Professor of Engineering Mechanics, Uni- 
versity of Nebraska, Lincoln, Nebr. 

2? Martin Aircraft Corp., Denver, Colo. 

* The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


a, to equivalent mass, m, , is affected by the cross-sectional shape and natural os 


the Maxwell unit and the Kelvin unit, 
shown in Fig. 1. In each unit, the per- 
fectly elastic spring simulates elastic 
deformation, and the dashpot containing 
a viscous fluid simulates viscous defor- 
mation. Various mechanical models may 
be formulated by various combinations 
of the basic units, but mechanical models 
made up of linear dissipative elements 
cannot be expected to reproduce closely 
the action of materials whose behavior is 
nonlinear. The nonlinear nature of ma- 
terials may be approximated more closely 
by the introduction of nonlinear restor- 
ing and dissipative mechanisms into the 
basic units. The principal difficulty in 
the use of nonlinear models is that of 
obtaining solutions to the nonlinear dif- 
ferential equations. 

For a visco-elastic material that be- 
haves according to the Kelvin unit, the 
stress, o, at a given instant depends not 
only on the magnitude of the strain, e¢, 
but also on the strain rate, €. For such a 


7 
J 


— + FI 
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material the stress may be expressed 
mathematically as 


where: 
E = modulus of elasticity, and 

F =a constant related to a specific 
material. 


(a) (b) 
(b) Kelvin unit 
Fic. 1.—Basic Units for Mechanical Models. 


(a) Maxwell unit 


Combining Eq 1 with beam theory, the 
differential equation for the free damped 
vibrations of a beam is found to be (2): 


dx* dt 


‘The second term of Eq 2 is the damping 


term. Solving Eq 2 by the method of 
separating variables, we find the damp- 
ing parameter, #, in terms of the circular 
frequency, p, to be: 
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Unfortunately most structural mate- 
rials do not follow the simple relation of 
Eq 3. Therefore, the damping charac- 
teristics of materials have usually been 
evaluated on the basis of an equivalent 
damping coefficient, ,, as described in 
the linear differential equation for a 
simple spring and mass system: 


my + cy + ky = 0) 


+ + py = Of 

where: 

. 
y = linear displacement, 
m = mass, 7 
¢ = viscous damping constant, ‘* 
Ne = c/m = equivalent viscous damping 


coefficient, 

k = spring constant, and 

p? = k/m = square of the circular fre- 
quency. 

For free damped vibrations m, is 
evaluated by measuring the rate of de- 
cay of the vibrations (3). The rate of de- 
cay is indicated by: 


(5) 
where: 
yi = amplitude of vibration of the ith 
cycle, 
s = number of cycles after the ith 
cycle, 
Yit+s = amplitude of the i + s cycle, and 
t = period of vibration. 


In the case of forced vibrations with 
small damping, the apparent value of n, 
may be determined from the simple re- 
lation: 


6 
where 
M.F. = magnification factor at reso- 


nance. 
Although it is generally recognized 
that the solid damping of most struc- 
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tural materials is not viscoelastic in na- 
ture, the expressions of Eqs 3, 5, and 6 
are frequently used to evaluate the data 
obtained from cantilever beam speci- 
mens. Such a procedure for nonvisco- 
elastic materials will yield results which 
are in essence only qualitative, since n, 
has been found to vary inanobscure man- 
ner with the amplitude and frequency. 
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The application of Eq 7 to a cantilever 
beam, shown in Fig. 2, is accomplished 
by reducing the system to an equivalent 
spring and mass system as shown. The 
equivalent mass, m, , considered concen- 
trated at the end of the cantilever, is 
determined from Rayleigh’s method (3). 
Taking the dynamic deflection as that of 
a statically loaded beam at the end, the 


Fic. 2.—Cantilever Beam and Equivalent System. 


Therefore, considerable difficulty has 
been encountered in the evaluation and 
comparison of materials as to a 
damping properties. 


NONLINEAR MATHEMATICAL 


The following equation may be used 
to evaluate the damping properties of 
nonviscoelastic materials: 


my +aly|ptky =0....... (7) 


where a@ isa damping coefficient that de- 
pends upon the shape of the cross-section 
and length of the test specimen. The ab- 
solute value of the displacement, y, must 
be used in order to preserve the sign of y, 
since the quantity a |y| y must have the 
sign of y in order to remove energy from 
the system. Equation 7 may be inter- 
preted as viscous damping with the 
variable coefficient a | y| . It is noted that 
Eq 7 indicates that the damping is a 
function of the amplitude, that is, as the 
amplitude decreases the rate of decay 
also decreases. This is a typical charac- 
teristic of nonviscoelastic materials. 


equivalent mass, m., and spring con- 
stant, k, are found to be: 


4W 

= 7 
SEI 

k (9) 
where: 
m, = mass of the beam, and 
W/g = concentrated mass attached at 


end of beam. 
In terms of the equivalent system, the 
nonlinear differential equation is written 
in the form: 


k 
=0 
me me 
or: 
Py = 0. (10) 
Test PROCEDURE 


The data were obtained from the free 
damped vibrations of cantilever beams of 
6061- T4 aluminum. The cross-sections of 
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the specimens were a 1-in. diameter 
circle, a 0.748 by 0.875-in. rectangle, and 
a 0.49 by 1.29-in. rectangle. To obtain a 
range of frequencies for each cross-sec- 
tion, the weight, W, and length, /, (Fig. 
2) were varied in each case. To ensure 
complete fixation at the fixed end so as 
to prevent a transfer of energy to the 
support, the specimens were placed in 
split clamping blocks which were sub- 
jected to a 40,000-lb load by a hydraulic 
testing machine. 

Each specimen was excited at its 
fundamental natural frequency by sus- 
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when the wires were glued to the surface 
of the specimen. 

The natural period of vibration was 
measured to the nearest 0.0001 sec by an 
electronic counter which was triggered 
by the output of the strain gages. 


ANALOG COMPUTER COMPUTATION 


The evaluation of a/m, for a given 
specimen and frequency was accom- 
plished by programming Eq 10 to an 
analog computer. The computer circuit 
is shown in Fig. 3. Although the circuit 
is formulated from the fundamental 


R, 


2(0.01" Ke Kn 


Recorder 


7 Fic. 3.—Analog Computer Circuit. 


pending a weight from the free end by a 
string which was then cut, allowing the 
beam to vibrate. The initial amplitude 
at the free end, due to the suspended 
weight, was noted in each case for pro- 
gramming to the analog coiaputer. In 
order to evaluate the effect of initial 
amplitude or stress level on the damping 
parameter, a/m,, the initial amplitude 
was varied by changing the magnitude 
of the suspended weight. 

The output of SR-4 electric strain 
gages on the specimen was fed into an 
oscillograph for recording the free 
damped vibrations on oscillograph tapes. 
It was found that the extraneous damp- 
ing of the small lead wires was negligible 


principles of analog computation (3), 
certain points should be emphasized. 
The initial voltage, Eo , across capacitor 
C2 is equal to the scale factor, Sz, times 
the initial deflection, yo, of the free end 
of the cantilever beam. The damping 
term, a/m, | y| ¥, is generated by the net- 
work of amplifiers ¢ and 5 and the func- 
tion multipliers J and 2. In order to 
compensate for the small amount of 
internal circuit damping of the computer, 
the proper amount of negative damping 
is fed back into the system by adjusting 
the potentiometer K; to that of a con- 
servative system (K2 = 0 for a conserva- 
tive system). The restoring force, ky, is 
simulated by the feedback through po- 


1d 


fi 


H 
= 


__ (a) Free damped vibrations of specimen (1.29 by 0.49 in.) where: : - 
W = 0.625 lb, =0.0774sec,and 
yo = 1.15in., 
=; 


@) Computer solution: a/me = 1.12 (in. sec)~. 
_ Fic. 4.—Typical Matched Tapes of Specimen and Computer Solution. 
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Fic. 5.—Variation of Damping Parameter with Circular Frequency. 


— 
1366 SMITH AND ALBEE ON EQUATION FOR SOLID DAMPING a 
oe 
8 4 apy 
180 


tentiometer K,. The relations between 
the physical quantities of Eq 10 and the 
computer circuit are as follows: 


= Ki/RiC, = Ki/RiC2 (11) 
 S2Ke 
= RG, (2)(0.01)2(50)........ (13) 


The values of K,, Ri, and C; are so 
selected that the frequency and period 
agree precisely with that of the specimen 
being programmed. The amplitude of the 
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specimens. In all cases the value of a/m. 
was found to be independent of the 
amplitude, yo, as shown by the typical 
examples in Fig. 6. 


SUMMARY 


The evaluation of the damping prop- 
erties of nonviscoelastic materials by the 
nonlinear differential equation, Eq 10, 
offers a new approach for the evaluation 
and comparison of the damping prop- 
erties of materials. Although the method 
requires the use of an analog computer, 
it is believed that it gives results that are 


~ T T T T T T T T 
ym 
= P=39.8 Rodians per sec 
P=3/.2 Radians per sec 4 
0.2 
= 
3 = 
4 
L Initial End Deflection, Yo, in. 
. f « Fic. 6.—Variation of Damping Parameter with Initial End Deflection. 


initial cycle from the computer solution 
is matched with that of the initial cycle 
of the specimen by the scale factor, S: , 
and amplifier gain for the oscillograph. 

The value of a/m, is then determined 
by a trial-and-error adjustment of the 
potentiometer setting, K:, until the 
oscillograph tape from the computer is 
identical to that of the specimen. Typical 
matching tapes are shown in Fig. 4. An 
examination of the tapes will show that 
the rate of decay is not constant but de- 
creases as the amplitudes diminish. The 
results of all the tests, indicated in Fig. 
5, show the variation of a/m, with the 
circular frequency, p. 

As previously mentioned, the initial 
amplitude, yo , was varied for individual 


more quantitative than methods based 
upon the classical viscous damping 
theory. 

The data’ shown in Figs. 5 and 6 indi- 
cate the following: 

1. The parameter a/m, is independent 
of amplitude and is, therefore, a con- 
stant for a given specimen and fre- 
quency. 

2. For a given shape of cross-section, 
the effect of the natural frequency on the 
parameter a/m, may be established. 
This is an important factor that should 
be considered when comparing the damp 
ing characteristics of different materials. 

3. The shape of the cross-section may 
have an appreciable effect on the damp- 
ing characteristics. It is apparent from 
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Fig. 5 that a rectangular cross-section is 
more effective in damping than a cir- 


cular cross-section. 


The nonlinear procedure presented 
here may be extended to forced vibra- 
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tions by introducing a sinusoidal forcing 
function in the right-hand side of Eq 10. 


The forcing function would be simulated 
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The measurement of the impurities 
present in steam has progressed from 
methods employing a throttling calorim- 
eter to methods employing a flame pho- 
tometer. The sensitivity of the methods 
for impurities has increased from thou- 
sands of parts per billion to tenths of 
parts per billion. The steadily increasing 
pressures and temperatures at which 
steam power systems operate have dic- 
tated continuous improvement in these 
methods of measurement. The potential 
to carry-over depositing substances from 
boiler water has greatly increased while 
the tolerance of turbines to deposits has 
decreased to the vanishing point. Direct 
volatilization of salts into steam is now 
an important source of such depositing 
substances. It has become essential to 
know not only the volatility of the var- 
ious salts encountered but also whether 
simple stoichiometry prevails for each 
salt. It is known for example that vola- 
tilization of silicate from boiler water 
into steam does not bring with it stoichio- 
metric quantities of sodium. Is this true 
for any other salts? This is the problem 
to which Mr. Rubright addresses himself 
in his paper. 

Much of the published data on the 
volatilities of the several common salts 
suffers from either an insufficient descrip- 
tion of the technique employed, or a 


1 Symposium Chairman; Consulting Engineer 
and President, Cyrus Wm. Rice & Co., Pitts- 
burgh, Pa. 


_--« SYMPOSIUM ON IMPURITIES IN STEAM 


INTRODUCTION: 
By J. K. Rice! vis 


tL. 


great variance with other published data, 
or both. An attempt to verify the vola- 
tility of at least one of the salts by per- 
forming tests in full-size boilers instead 
of in laboratory test vessels was the ob- J 
ject of the research conducted by Messrs. 
Ulmer and Klein. 

The sensitivity of the flame photo- 
metric method for measuring impurities 
in steam has literally opened Pandora’s 
box by revealing the complete inade- 
quacy of our steam sampling methods. 
It should have been obvious long ago 
that if salts in superheated steam de- 
posited in turbines they should also de- 
posit in sampling lines. It remained, 
however, for Messrs. Coulter and Cobb 
to diagnose the difficulty and to find a 
cure. 

It is apparent that we are beginning 
to understand the mechanism of volatile _ 
transport of solids into saturated steam. 
It is also apparent that we are a long 
way from an understanding of the physi- 
cal chemistry of electrolytes in solution 
in high-temperature steam. We seem to 
have no significant understanding of the 
dynamics of deposition from steam. If 
trace elements can alter crystal struc- 
tures, if trace elements can cause super- 
saturation, why cannot trace substances 
in steam hinder deposition? There is 
obviously a great deal of work to be done. — 

The authors of the papers present new 
ideas, new data, add new techniques. It 
is hoped that their efforts will stimulate 
further research on impurities in steam. 


| : 


THE STOICHIOMETRY OF THE VAPOROUS CARRY-OVER OF iain 


CHLORIDE FROM HIGH-PRESSURE BOILER WATER 


By M. M. Rusricut! 


- ¢@e y- 
SYNOPSIS 

The phenomenon of vaporous carry-over of boiler water salts into steam has 
been investigated in the past for the magnitude of carry-over of selected in- 
organic salts, but these investigations have not experimentally demonstrated 
whether the salt carry-over is stoichiometric with respect to the cation and 
anion involved. 

An investigation into this facet of the vaporous carry-over of sodium chlo- 
ride from a dilute solution at 2500 psig was conducted, using equipment which 
had previously been proven to contribute no significant mechanical carry-over 
of boiler water salts into the steam. The results indicate that the vaporous 
carry-over of sodium chloride at 2500 psig is stoichiometric in nature. Sodium 
chloride at this pressure carries over either as a molecule, or as ions, with no 
preferential increase of either the sodium or chloride ions over the stoichio- 
metric ratio. 

Some preliminary work was performed on the mechanism of the vaporous 
carry-over of sodium chloride at 3000 psig. No definite conclusions could be 


_ Although most investigators have as- 
sumed that solids in boiler water va- 
porize into the steam as compounds, ac- 
tual proof of this postulation has not 
been established. Some _ investigators 
theorize that, like silica, all boiler water 
salts carry over as ions or elemental ox- 
ides. Knowledge of the exact nature of 
this carry-over is of importance in in- 
terpreting analytical data of steam con- 
densates and would contribute to a better 
understanding of the behavior of im- 
purities in steam. 

In November 1959, ASTM Committee 
D-19 on Industrial Water was allocated a 
grant from the ASTM Research Fund to 
investigate the mechanism of the vapor- 
ous carry-over of boiler water salts. The 


1Senior Chemist, The Babcock & Wilcox 
Company, Research Center, Alliance, Ohio. 
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made from the limited amount of data obtained. 


Research Center of The Babcock & Wil- 
cox Co. submitted a proposal to perform 
this investigation uSing test equipment 
which had previously been proven useful 
in the study of the carry-over of silica 
from boiler water, and the proposal was 
accepted. 

The investigation was to consist of 
two successive phases. The first phase 
entailed studying the vaporous carry- 
over of sodium chloride at 2500 psig, 
since this compound carries over in suffi- 
cient quantity to permit the use of 
proven conventional analytical proce- 
dures for both the sodium and chloride 
contents of the resulting condensate. The 
second phase, to be conducted if funds 
permitted, was to investigate the vapor- 
ous carry-over of sodium sulfate and so- 
dium phosphate from boiler water at 


« 
- 
| 
) 
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2500 psig, using flame photometric tech- 
niques to measure sodium in the conden- 
sates, and radioisotope tracers to meas- 
ure the sulfates and phosphates, since 
conventional analytical procedures could 
not yield accurate results at the level ex- 
pected in the condensates. 

To our knowledge, this is the first re- 
ported investigation of vaporous carry- 
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over in which the concentrations of both 
the cation and anion of the vaporized 
salt are determined. Some previous in- 
vestigations involved the use of silica 
(1-5).2 The boiler water used in some of 
these investigations was of a high pH, but 
the sodium level in the boiler water or 
condensates was not determined. Other 
investigators (6) have measured the con- 


2? The boldface numbers in parentheses refer 
to the list of references appended to this paper. 


Fic. 1.—Test Equipment Arrangement. 


centration of the anion present in the 
condensate by means of radioisotopes 
and, assuming that the relationship be- 
tween the cations and anions was stoi- 
chiometric, have calculated the carry- 
over. Straub and Grabowski (2) per- 


formed some investigative work on the 


carry-over of sodium chloride at 600 F 
by measuring the conductivity of the re- 
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sulting condensate. In all cases, however, 


the magnitude of the carry-over was 


studied, not its mechanism. 
The first part of the proposed investi- 


gation—that of studying the vaporous — 


carry-over of sodium chloride at 2500 
psig 


of sodium sulfate and sodium vanced 


was completed, along with some | 7 
nreliminary investigations of the vapor- 
ous carry-over at 3000 psig, in November — 
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at 2500 psig, was not started because of 
lack of funds. 

Details of the completed investigation 
are described in this report. 


_ DESCRIPTION OF THE EQUIPMENT 


_ The test equipment used consists of a 
small test boiler and accompanying sam- 
pling and feedwater supply systems. 
Figure 1 shows the general arrangement 
of the test equipment. = 
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heaters provide a maximum heat flux 
of 20,000 Btu per hr per sq ft. Power to 
the heaters is manually controlled. 

A special feature of the test boiler is a 
concentric stainless steel liner, or shroud, 
extending from below the water line to 
the steam sampling point at the top. 
This liner is designed to prevent contact 
between surface condensate formed on 
the pressure vessel walls and the steam 
sample. Condensation occurring on the 


VENT 
PRESSURE 
GAGE STEAM 
SAMPLE 
@) STEAM SPACE 
LINER 
A 
4 
NORMAL WATER || 
LEVEL | } 
’ WATER 
SAMPLE ~ | 
INSULATION _| RESISTANCE 
HEATERS 
SAMPLE < FEED 
a= 
a 
Fic. 2.—Test Boiler. 


The design of the test boiler is shown 
in Fig. 2. This test boiler had previously 
been used in investigations of the vapor- 
ous carry-over of silica. During previous 
investigations, it had been proved that no 
significant mechanical carry-over of 
boiler water salts into the steam at 2500 
psig occurs if the boiler is operated at 
steaming rates of 5 lb per hr or less (3). 
The boiler was designed for a maximum 
pressure of 3200 psig and a maximum 
steaming capacity of 50 lb per hr at 2500 
psig. It is heated by electrical] resistance 
heaters evenly spaced on the outside 
boiler surface below the water line. These 


upper portion of the pressure vessel wall 
drains back to the boiler water in the an- 
nulus between the steam space liner and 
the pressure vessel walls. The liner thus 
provides an insulating space between the 
pressure vessel wall and the generated 
steam and minimizes the redissolving of 
vaporous boiler water salts in the steam 
space before sampling. The shroud skirt 
has four }-in. holes evenly spaced around 
its circumference to improve circulation 
between the water in the annulus and the 
main body of water in the boiler. 

The sampling system is arranged so 
that samples of both boiler water and 


= 


ore 


“ 


steam can be taken. Samples of the boiler 
water may be obtained at two different 
locations in the boiler—one at the bottom 
just above the feedwater inlet and the 
other at a point just below the shroud. 
The arrangement can be seen in Fig. 1. 
The sample lines are made of }-in. stain- 
less steel and include cooling coils. 

The feedwater supply is also shown in 
Fig. 1. Deaerated demineralized water is 
drawn from a plant supply line into a 
13-gal polyethylene bottle. A positive 
pressure of helium is maintained above 
the water surface in the bottle at all times 
to minimize oxygen in-leakage. 

3-in, stainless steel line connects the 
feedwater bottle to the intake of a dia- 
phragm pump. A column filled with a 
sulfited anion exchange resin and a wa- 
ter-cooled horizontal section are inserted 
in the line between the feedwater bottle 
and the pump. The water is pumped from 
the bottle, upward through the resin 
column (to remove traces of oxygen that 
might have been absorbed in the poly- 
ethylene bottle), passes through the 
water-cooled section (used for sample 
cooling during dissolved oxygen analy- 
sis) into the pump, and then is pumped 
into the boiler. A thermal sleeve in the 
boiler feedwater connection prevents 
thermal shock to the boiler from the cool 
feedwater. 

A tee and valve are inserted in the 
feedwater line between the water-cooled 
section and the pump. Samples of the 
feedwater can be obtained at this point 
for dissolved oxygen analysis, and the 
sodium chloride solution used in the 
tests can be added here. 

Another tee and valve are inserted in 
the feedwater line between the pump and 
the entry to the test boiler. A section of 
}-in. stainless steel tubing attached to the 
tee serves as a blowdown line and, after 
suitable cleaning, as a sampling point to 
obtain feedwater samples for analysis. 

The feedwater used in these tests was 
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sampled periodically and consistently as- 
sayed as containing less than 0.001 ppm 
Na, 0.1 ppm Cl, 0.001 ppm SiO. , and 
0.010 ppm dissolved oxygen. 


TEST PROCEDURE 


After several preliminary tests, the fol- 
lowing procedure was followed in each 
test reported. 

In the morning, the boiler water re- 
maining from the previous day’s test 
was removed from the boiler by a blow- 
down at approximately 400 psig pres- 
sure. This procedure was found neces- 
sary to prevent silica build-up in the 
boiler water from long-time operation 
at high pressures. The boiler was flushed 
with water for ten minutes and then 
drained again. The residual pressure in 
the boiler was relieved until it was less 
than 50 psig, and the boiler was then 
ready for addition of the new test solu- 
tion. 

The boiler was then filled to the proper 
water level with a sodium chloride solu- 
tion (approximately 5000 ppm sodium 
chloride), prepared by metering concen- 
trated sodium chloride solution into the 
deaerated demineralized feedwater as it 
was pumped into the boiler. Originally 
it was planned to use a concentration of 
250 ppm of sodium chloride for these 
tests. During preliminary tests, however, 
it was learned that this concentration 
yielded condensates which did not con- 
tain enough sodium chloride to obtain 
reproducible analytical results. The con- 
centration finally used on all the tests was 
5000 ppm of sodium chloride. 

The concentrated sodium chloride so- 
lution was prepared under essentially 
oxygen-free conditions in the following 
manner: A flask similar to those used in 
the dissolved oxygen procedure (ASTM 
Methods D 888 — 49 T)* was attached to 


3 Methods of Test for Dissolved Oxygen in 
Industrial Water (Tentative) (D 888-49 T), 
1958 Book of ASTM Standards, Part 10. : 
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Tests 1 through 7: Steaming Rate = 2 lb per hr, and Tests 8 through 10: Steaming Rate = 5 lb per hr. 
* These samples were taken at a sampling location just below the shroud in the test boiler. 


>’ These samples were taken at a sampling location near the bottom of the boiler. 
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the dissolved oxygen sampling tee in the 
feedwater line. The flask, previously 
filled with the required amount of crys- 
talline sodium chloride, was mounted 
vertically, and the valve to the feedwater 
line opened. Feedwater was forced up 
into the flask by pressurizing the feed- 
water tank with helium. The flask could 
be completely filled with deaerated feed- 
water by adjustment of the sampling 
valve and the two stopcocks in the flask. 
The sodium chloride then easily dissolved 
in the water. In this manner, the con- 
centrated sodium chloride solution was 
prepared without being exposed to air 
or oxygen-containing water. 

The resulting sodium chloride solution 
thus formed was metered into the feed- 
water line in small amounts during the 
boiler-filling operation, yielding a homo- 
geneous mixture of salt solution and 
feedwater, and avoiding segregation in 
the boiler during initial start-up opera- 
tions. 

In the 2500-psig tests, the test boiler 
was initially filled until the water level 
was at the midpoint of the gage-glass. 
Heat was then applied to the boiler. 
When the pressure in the boiler reached 
1500 psig, a boiler water sample was 
withdrawn from the sampling location 
just below the shroud. The sample was 
analyzed for its pH and conductivity to 
insure that proper operating conditions 
existed before going to higher pressures. 

When the boiler water conditions 
proved to be satisfactory, water was 
drained from the boiler until the water 
level was just at the top of the gage- 
glass. This was done to insure that the 
expansion of water occurring at high 
temperatures would not cause over-fill- 
ing of the boiler, leading to contamina- 
tion of the condensate sampling line. 

The same procedure was followed in 
the 3000 psig tests, except that a meas- 
ured quantity of water was placed in the 
test boiler at the start of the test, suffi- 


cient to permit the withdrawal of the 
necessary boiler water and steam sam- 
ples without dropping the water level 
below the lower edge of the shroud dur- 
ing the test. This method was required 
because the water level gage was not 
connected during the 3000 psig tests. 

When the pressure in the boiler 
reached the desired value, current to the 
electric heaters was regulated to main- 
tain this pressure. After the operating 
pressure had been maintained for 1 hr, 
the steam sampling line was opened, ad- 
justed to the proper steam flow, and the 
first liter of condensate collected and dis- 
carded. This was done to insure proper 
cleanliness in the condensate line. A 
sample of the boiler water was withdrawn 
from the sampling location just below 
the bottom of the shroud. Immediately 
afterward, four successive 250-ml sam- 
ples of the steam condensate were col- 
lected. Another boiler water sample was 
withdrawn from the sampling location 
just below the shroud, and one was taken 
from the bottom of the test boiler. The 
steam sampling line was then closed, and 
heat to the boiler was reduced. The pres- 
sure in the boiler diminished overnight 
to approximately 400 psig, and the boiler 
was ready for the blowdown operation 
the following morning. 

The boiler water and condensate sam- 
ples were analyzed immediately for 
pH and conductivity. Analyses for the 
sodium, chloride, silica, and ammonia 
content were made the next day. The 
analytical procedures used in the inves- 
tigation are listed in Appendix II. 


Test RESULTS 


Table I lists the analytical results for 
the boiler water and condensate samples 
obtained on the various tests conducted 
at 2500 psig. In these tests, the nominal 
concentration of sodium chloride in the 
boiler water was 5000 ppm. In addition 
to sodium chloride, the boiler water con- 


|| 


! 


tained silica (from 5.5 to 14.4 ppm), 
traces of sulfite and sulfate (resulting 
from leakage of sulfite from the resin 
column), and, in the early tests, traces 
of ammonia which had been left in the 


TABLE II.—TEST RESULTS FOR VAPOROUS CARRY-OVER AT 3000 PSIG. 
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boiler from previous cleaning operations. Z 
The presence of sulfite in the boiler water 
was indicated by the appearance of one 
of its high-temperature decomposition 
products—hydrogen sulfide—in most of 
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Test No. 11 Test No. 12 Test No. 13 Test No. 14 
Boiler water at start of test® 
Conductivity, mmhos/em.............. 8020 8210 9040 8880 
Condensate 1 
26.5 28.0 24 20.0 
5.9 5.85 6.0 5.8 
Conductivity, mmhos/em.............- 123 134 152 116 
Condensate 2 
Conductivity, mmhos/em............-- 153 167 185 157 
Condensate 3 
38.0 44.0 28.5 
54.8 61.8 53.2 Sample not 
0.28 0.21 0.20 taken 
Conductivity, mmhos/em.............- 185 210 180 
Condensate 4 
Conductivity, mmhos/em.............- 160 193 146 
Boiler water at end of test*® 
2500 2250 2950 2550 
Conductivity, mmhos/em.............. 10 510 10 740 11 950 10 960 
Boiler water at end of test® 
4.8 4.2 3.68 3.15 
A 7.3 8.0 8.5 8.1 
Conductivity, mmhos/em.............. 8160 8840 9240 8900 


Tests 11 through 14: Steaming Rate = 5 lb per hr. 


® These samples were taken at a sampling location just below the shroud in the test boiler. 
+ These samples were taken at a sampling location near the bottom of the boiler, =| 4 
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TABLE II.—STO:CHIOMETRY OF SODIUM CHLORIDE RATIOS AT 2500 PSIG. 


Cl Found, | NH; Found,| Corrected |, | Found, Stoichio- 
No. 1 
Condensate 1.......... 2.4 0.30 1.77 1.15 1.15 Yes 
2.2 0.12 1.95 1.26 1.15 Yes 
a 2.1 0.08 1.93 1.25 a3 Yes 
2.4 0.03 2.34 1.52 1.4 Yes 
No. 2 
Condensate 1.......... 2.38 0.005 2.38 1.54 1.9 No 
1.63 0.001 1.63 1.06 1.0 Yes 
es 1.35 0.001 1.35 0.87 1.0 Yes 
te aw ews 1.65 0 1.65 1.06 1.2 Yes 
No. 3 
Condensate 1.......... 1.95 0 1.95 i.26 ‘3 Yes 
1.10 0 1.10 0.7 0.7 Yes 
ae 0.93 0 0.93 0.6 0.6 Yes 
a 1.17 0 1.87 0.76 0.8 Yes 
No. 4 
Condensate 1.......... 2.0 0 2.0 1.30 1.0 No 
2.0 0 2.0 1.30 1.2 Yes 
1.8 0 1.8 1.17 Yes 
eee eres 1.9 0 1.9 1.10 1.2 Yes 
No. 5 
Condensate 1.63 0 1.63 1.06 1.2 Yes 
a ere 2.3 0 2.3 1.5 1.55 Yes 
7 Re 1.32 0 1.32 0.85 1.0 Yes 
1.9 0 1.9 1.2 1.3 Yes 
No. 6 
Condensate 1.......... 0 1.36 1.5 Yes 
eet 1.36 0 1.36 0.88 0.9 Yes 
eer 1.9 0 1.9 1.2 1.3 Yes 
Ne 1.93 0 1.93 1.25 4 1.3 Yes 
No. 7 
Condensate 1......... 1.50 0 1.50 0.97 1.0 Yes 
padmidiarciaec 2.20 0 2.20 1.4 1.3 Yes 
ib cis 2.8 0 2.8 1.81 1.65 ? 
ee eee 1.63 0 1.63 1.06 1.0 Yes 
No. 8 
Condensate 1.......... 1.45 | 0.005 1.45 0.94 0.97 Yes 
1.88 | 0.001 1.88 1.22 1.20 Yes 
ae 2.25 0.002 2.24 1.45 1.52 Yes 
2.0 | 0.004 2.0 1.30 1.35 Yes 
No. 9 
Condensate 1.......... 2.38 2.38 1.54 1.70 ? 
2.08 ) 2.08 1.35 1.40 Yes 
1.50 0 1.50 0.97 1.0 Yes 
1.38 0 1.38 0.89 1.0 Yes 
No. 10 
Condensate 1.......... 2.0 0 2.0 1.30 1.45 ? 
ee 2.12 0 2.12 1.37 1.45 Yes 
are alan 2.45 0 2.45 1.58 1.45 Yes 
. 2.32 0 2.32 1.50 1.45 Yes 


* Limit of analytical error for Na* = 0.15 ppm. 
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the condensates. The maximum concen- 
tration of sulfite in the boiler water did 
not exceed 2 ppm, the lower limit of de- 
tection of the analytical method used 
as indicated by repeated analyses. Two 
steam flow rates were used—2 and 5 
Ib per hr. 

Table ITI lists the results obtained on 
the tests conducted at 3000 psig. The 
boiler water used in these tests had the 
same nominal concentration of sodium 
chloride—5000 ppm—as that used in the 
2500 psig tests. The boiler water, how- 
ever, contained no ammonia and had a 
lower silica content because the gage- 


were present in the condensate samples, 
the chloride values were corrected to 
account for the chloride which could 
theoretically be present as ammonium 
chloride. The limit of error in the sodium 
analyses is assumed to be +0.1 to 0.15 
ppm. 

The ratio of sodium to chloride found 
in the condensates agrees well with the 
stoichiometric ratio of sodium chloride. 
This relationship holds well even in the 
condensates from test No. 1 after the 
chloride values are corrected for the am- 
monia content of the condensates. It 
appears from these results that sodium 


22 
4 CJ) THEORETICAL SODIUM FROM CHLORIDE CONCENTRATION 
20 ACTUAL SODIUM FOUND BY ANALYSIS 2.0 
£0.15ppm-LIMIT OF ANALYTICAL ERROR 
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Fic. 3.—Comparison of Theoretical Versus Actual Sodium Content of Condensates—2500 psig Tests _ 


glass was disconnected during these 
tests. A steam flow rate of 5 lb per hr 
was used in this tests. 


DISCUSSION OF RESULTS 


Tests Conducted at 2500 psig: 


Table III lists the sodium and chloride 
contents of the steam condensates ob- 
tained from the tests conducted at 2500 
psig. Included in this table is the quan- 
tity of sodium which would theoretically 
combine stoichiometrically with that 
amount of chloride found in the conden- 
sate. Figure 3 is a graphical comparison 
of the theoretical and actual sodium 
values obtained. In test No. 1, in which 
relatively large amounts of ammonia 


chloride vaporizes from boiler water at 
2500 psig either as molecules or as ions 
in stoichiometric ratios. 

No indications were found that sodium _ 
chloride volatilizes in any form other r 
than as sodium chloride molecules or as ; 
equal numbers of sodium and chloride 
ions. 

Theoretically, the magnitude of va- 
porous carry-over is determined by com- 
paring the concentration of sodium 
chloride in the condensate with the con- 
centration of sodium chloride in its cor- 
responding boiler water. If this procedure 
is followed with the experimental results 
obtained in this series of tests, however, | 
the magnitude of carry-over found (for 
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either sodium chloride or silica) is lower 
than that found by previous investiga- 
tors. 


The reasons for these apparent dis- 


densate samples obtained would be 
meaningful for mechanism studies. The 
determination of the magnitude of carry- 
over was of secondary importance. 


TABLE IV.—STOICHIOMETRY OF SODIUM CHLORIDE RATIOS AT 3000 PSIG. 


Found, Theoretical Na* Found, Stoichio- xcess Na*, | Excess Na*, 
No. 11 
Condensate 1.......... 35.6 23.1 25.5 No +2.4 +10.4 
tes 44.8 29.0 32.5 No +3.5 +10.7 
: ee 54.8 36.5 39.0 No +2.5 +6.4 
47.4 30.7 34.5 No +3.8 +11.0 
No. 12 
Condensate 1.......... 39.4 25.5 28.0 No +2.5 +8.9 
iain cd 49.4 32.0 34.5 No +2.5 +7.2 
61.8 40.0 44.0 No +4.0 +9.1 
56.8 36.8 40.0 No +3.2 +8.0 
No. 13 
Condensate 1.......... 44.4 28.8 29.0 Yes 
54.6 35.4 35.5 res 
53.2 34.5 34.5 Yes 
@..4.5+%+ 43.0 27.9 28.5 ? 
No. 14 
Condensate 1.......... 31.4 20.3 20.0 Yes ens 
44.2 28.6 27.5 No -1.1 -—3.8 
PRELIMINARY TESTS 
Test A 
Condensate 1.......... 64 41.4 53 No +11.6 +28 
ere, 88 57.0 64 No +7.0 +12.3 
120 78.8 84 No -+5.2 +6.6 
4.. 136 87.1 92 No +4.9 +5.6 
133 86.2 91 No +4.8 +5.6 
6 126 81.6 88 No +6.4 +7.8 
Test B 
Condensate 1...... 36 23.3 23.5 Yes 
2 32 20.7 26 No +5.3 +25.6 
3 34 22.0 27.5 No +5.5 +25 
28 18.1 23.5 No +5.4 +30 
ET 28 | 18.1 25 No +6.9 +38 


* Because of the uncertainty of water levels at the start of these tests, these were actually con- 
densate samples, although collected as boiler water samples. = = 
Limit of analytical error for Nat = +0.5 ppm. 


crepancies are many and are related to A complete discussion of the conditions 


the very nature of this investigation. The 
prime purpose of this project was the 
study of the mechanism of vaporous 
carry-over. The test equipment was 
operated in such a manner that the con- 


required to obtain valid answers in the 
mechanism studies, and the effect that 
the establishment of such conditions has 
upon obtaining the magnitude of vapor- 
ous carry-over appears in Appendix I. 
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The over-all effect of these conditions is 
that the exact concentration of the boiler 
water corresponding to a given conden- 
sate sample cannot be determined, and 
an accurate calculation of the magnitude 
of vaporous cerry-over cannot be made. 

However, it does appear that the 
magnitude of sodium chloride vaporous 
carry-over at 2500 psig may be lower 
than should be expected. Perhaps this 
particular feature should be reinvesti- 
gated at some future date using tech- 
niques specifically designed for magni- 
tude studies. 

The actual form of the vaporous carry- 
over cannot definitely be ascertained 
from this investigation. Since the steam 
samples containing the sodium chloride 
necessarily had to be condensed before 
analysis, the exact form of the sodium 
chloride in the steam—whether it ex- 
isted as sodium chloride molecules or as 
equal numbers of sodium and chloride 
ions—cannot be determined. 

It does appear that such carry-over. is 
not the result of the vapor pressure of 
solid sodium chloride. At 2500 psig 
(688 F), the vapor pressure of solid so- 
dium chloride is in the order of 2 X 107 
mm Hg, which corresponds to a conden- 
sate concentration of 4 X 10-7 ppm under 
these test conditions. 

The fact that the ratio of sodium to 
chloride in the condensates is stoichio- 
metric does give increased reliability to 
the calculation of the concentration of 
sodium chloride in condensates from the 
measurement of one of the constituents. 
This adds support to the use of tech- 
niques such as flame photometry for 
analyzing impurities in condensates, at 
least for sodium chloride. 

At the same time, the tests also indi- 
cate the effect that relatively small 
amounts of impurities in the boiler water 
may have upon the nature of the solids 
in the condensate. A good example of 
this is the effect that small amounts of 
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ammonia had on the vaporous carry-over 
of chlorides in test No. 1. These tests 
emphasize the importance of having ac- 
curate knowledge of the concentrations 
of all constituents in the boiler water be- 
fore attempting to evaluate condensate 
analytical data. tea! 

Tests Conducted at 3000 psig: 

Table IV lists the sodium and chloride 
contents of the condensates obtained in 
the tests conducted at 3000 psig. It is 
arranged similarly to Table IIT, includ- 
ing the theoretical amounts of sodium in 
the condensates calculated from the 
chloride contents of the condensates. 
Neither the boiler water nor the conden- 
sates contained any ammonia, and no 
corrections were applied to the chloride 
results, 

The results of these tests, in contrast 
to those obtained for the 2500-psig tests, 
showed no clear-cut evidence that a 
stoichiometric ratio of sodium to chloride 
exists in the condensate, although the 
condensates for tests Nos. 13 and 14 did 
exhibit reasonable stoichiometric ratios. 

The other condensates contained a 
large excess of sodium over that required 
for combination with the chloride. The 
reason for this discrepancy is not known. 
One explanation for this would be the 
combination of the excess sodium with 
some other anion. The pH of the conden- 
sates was low (5.7 to 5.9), and it was sus- 
pected that an anion of the strong acid 
type was present. The number of eligible 
anions is small—for example, bisulfates 
or bisulfites. The presence of sulfites and 
sulfates in the condensates was checked 
on several of the condensates. The maxi- 
mum concentration found was less than 
0.5 ppm, which would not account for 
the excess sodium, neglecting the excess 
sulfite or sulfate needed to lower the pH 
to the figures obtained. 

It appears that the source of the non- 
stoichiometry was present in the first 
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tests at 3000 psig anc that the source 
gradually diminished during subsequent 
tests, although the pH of the conden- 
sates remained low, even for those which 
possessed approximately stoichiometric 
amounts of sodium. 

The tests conducted at 3000 psig were 
preliminary, and no definite conclusions 
concerning the mechanism of vaporous 
carry-over should be drawn from the re- 
sults of these tests. It would be desirable 
to perform additional tests at this pres- 
sure to determine whether the mecha- 
nism of carry-over is different than that 
occurring under 2500-psig conditions. 


CONCLUSIONS AND RECOMMENDATIONS 


1. The results of the tests conducted 

at 2500 psig indicate that the vaporous 

carry-over of sodium chloride at this 
pressure is stoichiometric and that the 
mechanism is molecular in nature, or, if 
ionic, is such that sodium and chloride 
jons carry-over in equal numbers. 
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2. The test conditions required for 
mechanism studies in the test equipment 
used preclude any accurate determina- 
tion of the magnitude of sodium chloride 
vaporous carry-over. 

3. In spite of the uncertainties in- 
volved in calculating the magnitude of 
vaporous carry-over, the general levels 
of total vaporous carry-over obtained in 
this test were much lower than those ob- 
tained in previous investigations. This 
particular phase of vaporous carry-over 
should be re-investigated at some future 
date, using techniques specifically de- 
signed for magnitude studies. Provisions 
should be made to insure homogeneity 
of the boiler water in these studies. 

4. No definite conclusions can be made 
concerning the mechanism of vaporous 
carry-over of sodium chloride at 3000 
psig because of the limited number of 
tests made. 

5. Further work to determine the 
mechanism of vaporous carry-over of 
other sodium salts of strong acids such 
as sodium sulfate and sodium phosphate 
is recommended. 


REFERENCES 


stances in Superheated Steam at High Pres- 
sures,” Transactions, Am. Soc. Mechanical 
Engrs., Vol. 73, pp. 865-875 (1951). 

(5) G. W. Morey and J. M. Hesselgesser, “The 
Solubility of Some Minerals in Superheated 
Steam at High Pressures,’ Economic Ge- 
ology, Vol. 46, No. 8, pp. 821-835 (1951). 

(6) M. A. Stryikovich, “Investigation of the 
Carry-Over of Salts in Steam and the Hy- 
drodynamics of the Steam-Water Mixture 
by Means of Radioactive Isotopes,” Teplo- 
energetika, Vol. 1958, Issue No. N6, pp. 
119-127 (1958). 


= Ms a 


ail tote APPENDIX I ie oils. ooh ot ax 


DETERMINATION OF THE MAGNITUDE OF VAPOROUS CARRY-OVER 


The greatest potential source of error in 
the study of the mechanism of vaporous 
carry-over is mechanical carry-over of boiler 
water salts into the steam samples. Mechani- 
cal carry-over, in addition to increasing the 
apparent magnitude of vaporous carry-over, 
also tends to mask any real deviations in the 
ratio of cations to anions in the condensate 
from the stoichiometric ratio. The preven- 
tion, or at least the minimizing, of mechani- 
cal carry-over can be obtained with the test 
boiler used in these tests by using a suitable 
steaming rate, maintaining a semi-stagnant 
boiler water surface, and by the presence of a 
large steam space above the water level in 
the test boiler. The establishment of some of 
these conditions, however, has a deleterious 
effect upon the accurate determination of 
the magnitude of vaporous carry-over. 

It had previously been demonstrated (3) 
that no significant mechanical carry-over 
occurs if the steaming rate of the test boiler 
is 5 lb per hr or less. The validity of this op- 
erating principle has been reaffirmed in the 
present investigation. At the same time, 
another potential source of error was found 
not to be present. 

The test boiler used in this investigation 
(shown in Fig. 2) contains a stainless steel 
liner. The annular space between the liner 
and the walls of the pressure vessel pre- 
vents contact between the steam sample and 
the surface condensate formed on the vessel 
walls and minimizes redissolving the va- 
porous boiler water salts in the steam space 
before sampling. The steam sampling line 
is not directly connected to the liner. In- 
stead, the up-stream end of the steam sam- 
pling line consists of a downward-turned 
elbow, the diameter of which is larger than 
that of the steam line from the liner. The 
liner steam line projects up into this elbow 
but is not directly connected to the steam 
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sampling line. This arrangement permits 
equalization of steam pressures between the 
liner and the annulus and assures equal boiler 
water levels in both regions. Since the larger 
part of the steam generated in the test boiler 
is produced inside the liner, with only a 
small fraction generated in the annulus, the 
direction of the steam flow between the two 
regions is toward the annulus, At low steam 
flows, however, the probability exists that 
some of the steam from the annulus might 
diffuse into the steam sampling line. The 
steam present in the annulus must be con- 
sidered to be washed steam, since it has been 
in contact with water condensed on the ves- 
sel walls, and its presence would cause a de- 
crease in the concentration of vaporous boiler 
water salts in the resulting steam sample. 
Back diffusion and the resulting dilution of 
the liner steam sample would decrease as 
the steaming rate increases. 

If these conditions exist at the steaming 
rates tested—mechanical carry-over and 
back-diffusion of washed steam into the 
steam sampling line—the sodium chloride 
content of the condensate should increase as 
the steaming rate increases. Two different 
steaming rates were used in these tests— 
2 and 5 lb per hr. No significant differences 
were found in the condensates from the 
two steam flow rates. This indicates that the 
steam flows used were appropriate and re- 
affirmed the operating characteristics found 
by previous users of the test equipment. 

The other two conditions maintained in 
this investigation to prevent mechanical 
carry-over—the presence of a large steam 
space above the water level in the test boiler 
and the presence of a semi-stagnant boiler 
water surface—have a deleterious effect 
upon the determination of the magnitude of 
vaporous carry-over. 

The large steam space in the test boiler 
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causes a distinct lag between the time a unit 
volume of steam vaporizes from the boiler 
water surface and the time it leaves the test 
boiler. The steam residence time in the test 
boiler may be as much as four times as long 
as the sample collection time at the steam 
flows used. In the 2500-psig tests, using a 
steam flow of 5 lb per hr, it took 6 min to 
collect a 250-ml condensate sample. It re- 
quired, theoretically, a maximum time of 
from 22 to 26 min for passage of the corre- 
sponding volume of steam from the boiler 
water surface to the exit of the boiler with 
an additional 1 to 2 min for the sample to 
traverse the sampling line. Use of a different 
steam flow would alter the actual residence 
and sample collection times, but not the 
ratio. This means that a condensate sample 
actually leaves the boiler water surface as 
steam appreciably before the time it is col- 
lected as a sample, and condensates should 
be compared with conditions in the boiler 
water at the time of vaporization, which in 
the case of the 5 Ib per hr steam flow may be 
as much as 22 to 26 min before the conden- 
sate is sampled. 

This would be of little importance if the 
concentration of sodium chloride in the 
boiler water remained constant throughout 
the test. In the tests reported here, however, 
this is not true. The concentration of sodium 
chloride in the boiler water increases during 
the test because of the evaporation of the 
steam collected as the condensate sample. 

In addition, the test boiler demonstrates 
limited thermal circulation between its upper 
and lower regons, as indicated by the large 
differences in sodium chloride content in 
boiler water samples obtained at the two 
different sampling locations, as shown in Ta- 
ble I. There is probably also a difference be- 
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tween the very top layer of the boiler water 
and the region from which the boiler water 
samples are taken (immediately below the 
shroud). This condition is caused by the 
more-or-less isolated volume of water in the 
shroud becoming concentrated by evapora- 
tion, with no corresponding influx of less 
concentrated boiler water from below. This 
makes it difficult to appraise accurately the 
concentration of sodium chloride in the 
water from which a specific condensate 
sample is obtained. 

The possibility that there is mixing of the 
steam in the steam space during the test 
run is problematical. The long steam resi- 
dence time should tend to promote this, al- 
though the pressures existing in this space 
should diminish it. The effect of such mix- 
ing would be to integrate the various steam 
samples and make it even more difficult to 
appraise the magnitude of carry-over. The 
more-or-less randomness of the sodium 
chloride content of the condensates obtained 
at 2500 psig (which do not tend to increase 
in carry-over content as the test progresses 
and the boiler water becomes more concen- 
trated) indicates that this does happen, al- 
though such is not the case in the 3000 psig 
tests. 

These two conditions—the long steam 
residence time (which yields apparently high 
boiler water concentrations) and the poor 
thermal circulation (which yields apparently 
low boiler water concentrations)—make it 
difficult to determine the exact concentra- 
tion of sodium chloride in the boiler water 
corresponding to a given condensate sample, 
and any calculations of magnitude of va- 
porous carry-over from the test data must 
be made with caution. 
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ANALYTICAL METHODS 


The following analytical procedures were 
used in this investigation: 

1. Sodium was determined in both the 
boiler water and condensate samples with a 
Beckman flame photometer, using the 330 
and 589 my lines, compared to standards pre- 
pared from sodium chloride (ASTM Meth- 
ods D 1428-56 

2. Chlorides were determined in the boiler 
water sample by the Mohr titration pro- 
cedure, identical to that of ASTM Methods 
D 3512-55 T.5 

Chlorides were determined in the conden- 
sates from the 2500-psig tests by the mer- 
curic thiocyanate ferric-alum procedure. 

Chlorides were determined in the conden- 
sates from the 3000-psig tests by the mer- 
curic nitrate titration procedure (ASTM 
Methods D 512-55 T).° This method was 
used because the condensates contained too 
much chloride to use the mercuric thiocya- 
nate ferric-alum colorimetric procedure. 

3. Silica was determined in both the 
boiler water and condensate samples by the 
silica-molybdate method (ASTM Methods 
D 859 - 55 T® and D 1689 - 59 T).? 


* Methods of Test for Sodium and Potassium 
Ions in Industrial Water and Water-Formed 
Deposits by Flame Photometry (Tentative) 
(D 1428 — 56 T), 1958 Book of ASTM Standards, 
Part 10. 

5 Methods of Test for Chloride Ion in Industrial 
Water and Industrial Waste Water (Tentative) 
(D 512-55 T), 1958 Book of ASTM Standards, 
Part 10. 

® Methods of Test for Silica in Industrial 
Water and Industrial Waste Water (Tentative) 
(D 859 — 55 T), 1958 Book of ASTM Standards, 
Part 10. 

7 Method of Test for Silica in High-Purity 
Water (Tentative) (D 1689-59 T), 1959 Sup- 
plement to Book of ASTM Standards, Part 10. 
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4. Ammonia was determined in both the 
boiler water and condensate samples with 
Nessler’s reagent (ASTM Methods D 1426 - F 
58)8 

5. Dissolved Oxygen in the feedwater was 
determined according to ASTM Methods D 
888 - 49 T.3 

6. pH of the boiler water and condensate 
samples was determined with a Beckman 
Zeromatic pH meter according to ASTM 
Method E 70 - 52 T.? 

7. Conductivity of the boiler water and 
condensate samples was determined with a 
Leeds and Northrup conductivity bridge 
according to ASTM Methods D 1125- 
59 

Hydrogen sulfide (resulting from the de- 
composition of sulfite at high temperatures 
in the test boiler) was present in some of the 
condensates. Since sulfides interfere in both = 
the mercuric thiocyanate colorimetric and 
mercuric nitrate titration procedures, the 
samples containing sulfides were treated with 
30 per cent hydrogen peroxide and boiled 
for several minutes before analysis. This 
modification was checked with standards and 
found to contribute no noticeable errors in 


either of the procedures. te 7's ’ 


8 Methods of Test for Ammonia in Industrial 
Water and Industrial Waste Water (D 1426- 
58), 1958 Book of ASTM Standards, Part 10. 

® Method of Determination of pH of Aqueous 
Solutions with the Glass Electrode (Tentative) 
(E 70-52 T), 1958 Book of ASTM Standards, 
Parts 6 through 10. 

10 Methods of Test for Electrical Conductiv- 
ity of Industrial Water and Industrial Waste 
Water (Tentative) (D 1125-59 T), 1959 Sup- 
plement to Book of ASTM Standards, Part 10. 
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THE PREVENTION OF ERRORS IN STEAM PURITY MEASUREMENT 
CAUSED BY DEPOSITION OF IMPURITIES IN SAMPLING LINES 


By R. V. Coss! anp E. E. Courter! 


SYNOPSIS sal 

The measured impurity concentrations of superheated steam samples were 

__. less than one tenth of those in saturated steam samples from the same boiler, 

An investigation of this phenomenon revealed that a major portion of the im- an 
purities in the superheated steam samples deposited on the sampling line sur- 

we faces. This deposition is apparently caused by the decreasing ability of super- > 

heated steam to retain impurities in vaporous form as steam temperature is oy m 

reduced. Since an uninsulated steam sampling line loses heat to its surround- 

a ings, the deposits form on this cooler surface. A sampling system was developed 
7 ir; that eliminates such deposition and its attendant error. nae 


With the ‘gradual improvement of sep- 
arating equipment, the steam produced 
by boilers for use in power generation is 
an extremely pure substance. Its im- 
purity content, for example, may be only 
a fraction of a part per million. Neverthe- 
less, a boiler that produces more than a 
million pounds of steam per hour may 
pass several hundred pounds of impuri- 
ties to a turbine in a year’s time. These 
impurities represent a potential turbine 
deposit that may lead to appreciable 
losses of capacity and efficiency. Conse- 
quently, the control of conditions affect- 
ing steam contamination becomes a sig- 
nificant factor in boiler operation and 
requires an accurate and reliable measure 
of the impurities in steam. 

Within the past decade, new analytical 
methods and instrumentation for meas- 
uring impurities in steam have been de- 
veloped, such as the sodium tracer tech- 


1 Research Engineer and Head, Engineering 
Physics Section, respectively, The Babcock & 
Wilcox Company, Research Center, Alliance, 
Ohio. 


nique (1-3)*, that enable measurement 
in the parts-per-billion range. However, 
an analytical method having high sensi- 
tivity and accuracy is of little value if 
the sample analyzed is not representative 
of the material being sampled, and the 
representative sampling of steam is a 
very difficult task. 

Steam sampling has*been the subject 
of many research investigations, but 
most of these have been concerned with 
the problem of obtaining a representative 
sample of saturated steam. Impurities in 
saturated steam consist of minute drop- 
lets of boiler water of unknown spectrum 
and distribution and, at higher pressures, 
boiler-water constituents in vaporous 
form. Furthermore, many of the en- 
trained droplets may impinge on the 
steam pipe, forming a liquid film that 
flows along the pipe surface. These con- 
ditions present a formidable problem in 
obtaining a representative sample. 


2 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 
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Many people associated with steam 
sampling problems feel that sampling 
superheated steam will eliminate these 
problems and that a truly representative 
sample is obtained, because no liquid film 
will exist on the surface of the pipe, and 
the impurities in superheated steam will 
occur as a vapor or as extremely fine dust. 
Although a representative sample is ob- 
tained, the authors’ experiences show 
that sampling superheated steam by con- 
ventional methods leads to very large 


SAMPLE | — SATURATED STEAM FROM STEAM DRUM. 
SAMPLE 2— SLIGHTLY SUPERHEATED STEAM FROM 


: SAMPLE 3— SUPERHEATED STEAM AFTER SUPERHEATER 
SAMPLE 4— SUPERHEATED STEAM AFTER SUPERHEATER 
SECOND PASS. 

: Y SAMPLE 5— SUPERHEATED STEAM FROM BOILER 


SAMPLE 6— SUPERHEATED STEAM AT TURBINE INLET. 
/ ves 7—SLIGHTLY SUPERHEATED STEAM FROM 
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tensively, both in the laboratory and in 
the field, and the information obtained 
has been very useful in evaluating the 
performance of steam separating equip- 
ment and in emphasizing the extremely 
low amount of carry-over from modern 
boilers operating at normal conditions. 
However, all of these early tests were 
concerned with carry-over in saturated 
steam samples. Early in 1957, an attempt 
to monitor the impurities concentration 
in steam throughout a boiler-turbine sys- 


SUPERHEATER INLET HEADER. 


FIRST PASS. 


STEAM LINE. 


TURBINE OUTLET. 


errors, for the impurities tend to deposit 
on the sampling line surfaces. These ex- 
periences are discussed, and sampling 
procedures and equipment necessary to 
avoid errors due to sampling line deposits 
are described. 


THE PROBLEM 


After the initial data on the applica- 
tion of the sodium tracer method for 
measuring impurities in steam were pub- 
lished (1), the instrumentation was fur- 
ther developed during 1956 to enable the 
continuous analysis and recording of the 
sodium content of a flowing sample. This 
improved apparatus has been used ex- 


Fic. 1.—Sampling Locations in Boiler-Turbine System. 7 


tem resulted in unusually large differ- 
ences between the sodium content of 
saturated and superheated steam. The 
steam sampling locations are shown sche- 
matically in Fig. 1. They include (1) a 
sample of saturated steam from the 
steam drum outlet, (2) a slightly super- 
heated sample from the superheater inlet 
header, and samples of (3) superheated 
steam taken after the first-pass super- 
heater, (4) after the second-pass super- 
heater, (5) from the steam pipe before the 
plant main steam line, (6) from the tur- 
bine inlet, and from (7) the turbine out- 
let. The entire plant consisted of eight 
boilers and eight turbines operating at a 
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pressure of 600 psi and interconnected 
through the plant main steam line. 

A typical sodium analysis of these 
samples is shown on Fig. 2. Although the 
sodium content of the saturated steam 
sample was 240 ppb, the concentration 
of sodium in all superheated steam sam- 
ples was in the order of 10 ppb. The dif- 
ference between the measured sodium 
values in the saturated and superheated 
steam samples was so large that the 
validity of the results was questionable. 
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of saturated steam is quite difficult; 
therefore, the noted discrepancy may be 
due to the lack of representative sam- 
pling. However, although it is doubtful 
that the type of sampling nozzle used to 
collect the saturated steam sample gave 
a representative sample; it is also doubt- 
ful that the error involved could account 
for the large discrepancy noted. 

3. It was observed, when the super- 
heated steam sampling lines were shut off 
for a period of time, that the impurity 
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A comprehensive analysis of the data and 
conditions of the test led to the following 
three possible explanations for the unex- 
pected test results: 

1. The simplest and most evident ex- 
planation was that a large percentage of 
the impurities in the steam was forming 
a deposit in the superheater supply tubes. 
However, the rate of deposition required 
to remove this quantity of impurities 
from the steam would have led to severe 
pluggage in a short time, but visual in- 
spection of these tubes showed them to 
be completely free of deposits. 

2. As mentioned previously, the task of 
obtaining a truly representative sample 


Fic. 2.—Typical Sodium Concentrations for Boiler-Turbine System Steam Samples. ‘ 


content of the condensate formed in the 
lines was extremely high. This effect was 
not observed in the saturated steam sam- 
pling line. This observation led to the 
suspicion that the impurities in the super- 
heated steam samples were forming de- 
posits in the sampling lines, and, 
consequently, the sample reaching the 
measuring instrument contained only a 
fraction of the amount of impurities in 
the steam that was sampled. This ex- 
planation is supported further by the 
observations of others who have fre- 
quently reported that superheated steam 
sampling lines often become plugged 
when operated continuously. 
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Fic. 3.—Solubility of Sodium Chloride in 
Superheated Steam at 1545 psi Pressure. 
Reproduced by Permission from University 
of Illinois Bulletin, Vol. 43, No. 59, June 1, 1946, 
Bulletin Series No. 364. 
Del att at 
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would be analogous to silica deposition in 
steam turbines. The data of Straub (4) 
seem to support this theory. Figure 3 
shows the solubility of sodium chloride 
in superheated steam at 1545 psi, repro- 
duced from Straub’s data. The curve has 
been extended down to saturation tem- 
perature to illustrate the relatively large 
concentrations of sodium chloride that 
probably can be dissolved in steam with 
only a few degrees of superheat, and also 
that the solubility reaches a very small 
value as saturation temperature is ap- 
proached. The work of Straub and others 
shows that other boiler water constitu- 
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Although the evidence seemed to indi- 
cate that impurities in superheated steam 
samples tend to form deposits on sam- 
pling line surfaces, the reason for such 
deposition was not readily apparent. The 
most plausible explanation seemed to be 
that the impurities in superheated steam 
are present in vaporous form, and the 
steam becomes supersaturated with these 
materials as the temperature and pres- 
sure is reduced. Since the greatest tem- 
perature reduction occurs at the surface 
of the sampling line, the impurities tend 
to precipitate on the sampling line sur- 
faces as solid deposits. This mechanism 


Fic. 4,—Schematic Diagram of Laboratory Apparatus. 


ents have similar solubility characteris- 
tics, although the actual magnitude of 
the solubility may vary greatly for dif- 
ferent constituents. 

Such a theory cannot be investigated 
conveniently in the field, so a simple lab- 
oratory apparatus was constructed for 
this purpose (Fig. 4). It consists of a 
small electrically-heated, natural-separa- 
tion boiler; an electrically-heated super- 
heater; a means for injecting water after 
the superheater; a condensing-cooling 
coil; a throttling valve; anda continuously 
recording flame photometer. The boiler 
was operated at 600 psig. The solids con- 


, 
| 
= 


1300, SYMPOSIUM ON IMPURITIES IN STEAM 


centration in the boiler water was held 
relatively constant at 4000 ppm with a 
pH of approximately 11. Sodium chloride 
represented about one-half of the total 
solids. 

The results of a typical test run are 
shown on Fig. 5. The throttling valve 
was adjusted to provide a steam flow 
sufficient to produce a measurable 
amount of carry-over from the boiler. 
When the superheater was not used, the 
sodium content of the steam was 90 ppb. 
After the superheater was energized and 
adjusted to provide approximately 10 
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Fic. 5.—Typical Results of Laboratory Steam 
Sampling Test. 
deg of superheat, the measured sodium 
content of the steam decreased to 6 ppb. 
After this condition of operation was 
maintained for approximately 1 hr, a 
small portion of the condensed sample 
was injected into the system immediately 
after the superheater. The amount of 
water injected was slightly more than 
that required to remove the superheat. 
The measured sodium content rose mo- 
mentarily to an estimated value of 100 
ppm and then slowly decreased to 85 
ppb. When the superheater was turned 
off and the water injection discontinued, 
the measured sodium concentration re- 
turned to the 90 ppb value. (Maintaining 
perfectly stabilized conditions with such 
a small-volume system on manual con- 
trol is nearly impossible and no signifi- 
cance should be attached to the difference 
between 85 and 90 ppb.) — 
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In these tests, the samples taken were 
truly representative because all the steam 
produced by the boiler was condensed as 
the sample. When the superheater was 
energized, all other test conditions re- 
mained constant and, therefore, the 
carry-over also must have remained con- 
stant. Consequently, the decrease in the 
measured sodium concentrations from 90 
to 6 ppb could only have been caused by 
the deposition of impurities somewhere 
in the system. Since in the laboratory 
tests the water was injected after the 
superheater, the impurities redissolved 
by the injected water could not have 
been deposited in the superheater but 
must have been in the sampling line fol- 
lowing the superheater. 

Therefore, the results of both the field 
and laboratory tesis show that the sam- 
pling of superheated steam when using 
conventional equipment and techniques 
can lead to large errors caused by deposi- 
tion of impurities on sampling line sur- 
faces. 


THE SOLUTION 


Injecting water after the superheater 
during the laboratory tests demon- 
strated, in principle, the solution to the 
problem of deposits on sampling line 
surfaces. If the superheated steam is 
contacted with a sufficient amount of 
water to remove the superheat before 
the sample is reduced in pressure or 
comes in contact with a cooler surface, 
the impurities will remain in the sample. 
Further, if a portion of the condensed 
sample is used for injection, the impurity 
content of the sample is not altered, and 
no correction is required. 

The practical appiication of this princi- 
ple requires that the superheat must be 
removed from the sample in the sampling 
nozzle itself, for cooler surfaces always 
exist external to the steam line. A type 
of sampling nozzle utilizing this principle 
is shown on Fig. 6. This arrangement 


— 
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consists of a standard steam sampling 
nozzle with a tube inserted so that its 
open end extends beyond the last sam- 
pling port. Separate external connections 
are provided for the internal tube and 
for the annulus surrounding the internal 
tube. When the nozzle is installed in the 
top of a horizontal steam line or in a 
vertical steam line with downward flow, 
water is injected through the annulus. As 
the steam sample enters the sampling 
ports, it is desuperheated by contact with 
the water and the desuperheated steam 
sample is removed through the central 
tube. If the nozzle is inserted through the 
bottom of a horizontal steam line, the 
flow direction is reversed, that is, the 
water is injected through the central 
tube and the sample is desuperheated 
and removed from the annulus. This 
type of nozzle should not be used in a 
vertical steam line with upward flow, for 
the injected water may drain from the 
nozzle through the sampling ports. 
Figures 7 and 8 show two arrange- 
ments that may be used to inject a 
portion of the condensed sample into the 
nozzle. Figure 7 shows a natural circula- 
tion arrangement in which the density 
difference between water and a steam- 
water mixture is utilized to provide the 
pressure necessary to inject the required 
amount of water into the nozzle. The 
arrangement illustrated in Fig. 8 includes 
a pump to effect water injection. 
Surprisingly, the first application of 
this principle involved the sampling of 
saturated steam. An industrial boiler 
operating at 250 psig pressure in a chemi- 
cal plant required flushing of deposits 
from the superheater during semi-annual 
outages and occasionally suffered the 
failure of a superheater tube because of 
deposits. The standard dry-pan sample, 
which provides an average sample over 
the length of the steam drum, showed no 
measurable carry-over. Therefore, in- 
dividual standard sampling nozzles were 


installed in 6 of the 20 superheater supply 
tubes, spaced approximately equally 
over the length of the drum. Samples 
taken from these locations also failed to 
show any evidence of carry-over, even 
when the sodium tracer technique was 
used. However, when the sampling lines 
were shut off and allowed to fill with 
condensate, it was noticed that the 
sodium concentration of the condensate 
was very high. 


Fic. 6.—Improved Design Nozzle for Sam- 
pling Superheated Steam. 


The design of this boiler was such that 
the sampling nozzles and parts of the 
sampling lines were inside the boiler 
casing and, thus, were surrounded by 
hot gases. Also, the sampling lines were 
3-inch stainless steel tubing with a small 
bore, and the sampling rate of approxi- 
mately 100 lb per hr was sufficient to 
cause an appreciable pressure drop in the 
lines. It was reasoned that the steam may 
have become superheated in the sampling 
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lines. At the relatively low pressure of 
250 psi, the solubility of impurities in 
steam would be very 
the im- 


superheated 
limited, and, consequently, 
lo 
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The use of the new-type sampling 
nozzles showed considerably higher 
carry-over at high loads than did the 
standard nozzle. Fig. 9 shows the results 
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Fic. 7.—Natural Circulation Sampling System. 


purities ‘could be deposited in the 
sampling lines. 

Because of these circumstances, the 
standard sampling nozzles were replaced 
with the new-type nozzles. In this case, 
enough of the condensed sample was 
injected into the saturated steam to 
prevent its becoming superheated as it 
flowed through the sampling lines. 


obtained from the sampling point that 
indicated the highest carry-over of the 
six sampling points. Whereas the stand- 
ard nozzle had shown sodium concen- 
trations less than 0.1 ppb for all condi- 
tions, the new-type nozzle showed 
increasing carry-over from 0.1 ppb so- 
dium at 70 per cent load to about 40 ppb 
sodium at full load. The 40 ppb sodium 
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would correspond to about 0.12 ppm 
total solids. Although this amount of 
carry-over is well below the guaranteed 
value of 1 ppm, and the average carry- 
over from the boiler was considerably 
less than that indicated by the sampling 
point selected, the carry-over was suffi- 
cient to cause superheater deposits at 
this low pressure, just as it was sufficient 
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of the deposit problem. When no water 
was injected, the measured sodium con- 
centration was less than 0.1 ppb. 
Although the steam as sampled con- 
tained appreciably more than 0.1 ppb, 
most of the impurities were being de- 
posited on the sampling line surfaces and 
not reaching the measuring instrument. 
When water was injected, the accumu- 


A 
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to cause deposits in the sampling lines. 
Subsequently, this small amount of 
carry-over was reduced by the installa- 
tion of additional separating equipment, 
and the superheater deposit problem was 
eliminated. 

Figure 10 shows a recording of the 
sodium content from the same sampling 
point and illustrates the characteristics 
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Fic. 8.—Forced Injection Sampling System. 


lated deposit was dissolved, as indicated 
by the fact that the sodium concentra- 
tion exceeded 100 ppb momentarily. 
After the accumulated deposit was re- 
moved, the sodium concentration of the 
sample stabilized at the true value of 2 
ppb. 

Nozzles of this type were installed in 
two boilers operating at 1300 psig to 
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determine if the submerged attemperator 
bundles were leaking. Although the 
impurity level was so low that no detect- 
able differences could be noted with and 
without water injection (thereby indi- 
cating that no attemperator leakage was 
occurring), a slight momentary rise in 
sodium content was observed when water 
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Fic. 9.—Comparison of Steam Sampling Re- 
sults—Improved Nozzle Versus Standard Nozzle. 


was injected after a prolonged period of 
sampling without water injection. These 
results show that even with extremely 
pure steam, impurities may be deposited 
on sampling line surfaces if standard 
sampling techniques and equipment are 
used, 


SUMMARY 


The sampling of superheated steam 
(and saturated steam under certain 


AG 
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conditions) with conventional sampling 
equipment and techniques can result in 
very large errors caused by impurities 
depositing on sampling line surfaces. 
This deposition is apparently caused by 
the decreasing ability of superheated 
steam to retain impurities in vaporous 
form as steam temperature is reduced. 
The errors resulting from deposition can 
be avoided by using a special sampling 
nozzle into which a sufficient amount 
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Fic. 10.—Recorder Chart Illustrating Effect 
of Water Injection—Sodium in Steam. 


of water is injected to yemove all super- 
heat from the steam sample. If a portion 
of the condensed sample is injected, the 
impurity concentration of the sample 
will not be altered and no correction is 
necessary. 

Since superheated steam consists 
usually of a mixture of vapors or, under 
some conditions, a mixture of vapors 
containing extremely fine dust, a repre- 
sentative sample can be obtained. The 
technique and equipment described 
herein must be employed to assure that 
the representative sample collected will 
be delivered to the measuring instrument. 
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_ IMPURITIES IN STEAM FROM HIGH-PRESSURE BOILERS 


‘$i 
By R. C. Utmer! anp H. A. 


A research program was undertaken to determine the extent to which 
7 sodium salts are volatilized under the conditions existing in high-pressure 
boilers and to establish how vaporous carry-over might influence the measure- 
ment and control of steam purity. Field tests were performed on three boilers 
operating in the 2500 to 2600-psi range. Routine measurements of total carry- 
over were performed, and a special sampling system was installed at the test 
sites to permit direct determinations of vaporous carry-over. Particular empha- 
sis was placed in the study of sodium chloride characteristics, although other 
salts were evaluated to a lesser degree. 

The results obtained indicate that the vaporous carry-over of sodium chlo- 
ride is relatively low in this pressure range as long as the salt concentration 
in the boiler water is maintained within reasonable limits. The magnitude of 
vaporous carry-over obtained in the field tests was appreciably less than that 
obtained by other investigators in laboratory model tests. Possible explana- 
7 tions for this discrepancy are discussed. 

It was concluded that vaporous carry-over of sodium salts from boilers 

operating at 2600 psi or less will not present a serious problem with regard to 
- turbine deposition as long as the total salt concentration in the boiler water 
is maintained below 25 ppm. No attempt was made to extrapolate the data 
_ obtained to predict characteristics at higher pressures. It was recognized that 
- the vaporous carry-over of sodium salts would complicate the determination 
of high-pressure steam purity. i 


J 
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From the standpoint of the operator 
: whose turbine is being fouled with de- 
posits, it makes little difference whether 
the solids present in his steam are the 
result of mechanical carry-over or vapor- 
ous carry-over. The mechanism of solids 
transport is extremely important, how- 
ever, to the chemist or engineer who is 
trying to measure and control steam 
purity. 
For the purposes of this paper, “‘solids”’ 
refers to all materials which are solid in 


Manager, Research Dept., Combustion 
Engineering, Inc., Windsor, Conn. 
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the free state at ambient temperatures. 
The term “solids” may be applied even 
when such materials are in liquid solu- 
tion or in the vapor phase. Mechanical 
carry-over refers to the presence of solids 
in the steam resulting from the entrain- 
ment of boiler water with the steam. 
Vaporous or volatile carry-over refers to 
the presence of solids in the steam due to 
volatilization of some component in the 
boiler water. Total carry-over refers to 
the sum of the mechanical plus the va- 
porous carry-over. 

Mechanical carry-over is a function of 
numerous factors including steaming 
rate, water-level, boiler design, and the 
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foaming characteristics of the boiler 
water. In general, mechanical carry-over 
would be expected to be nonselective 
with respect to individual constituents 
since the entrained boiler water presum- 
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Vaporous carry-over, on the other 
hand, is completely selective in nature 
since it is dependent upon the volatility 
of a specific constituent under observa- 
tion. Theoretically, for a given operating 
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Fic. 1.—Distribution Coefficients of Salts from Equation of Styrikovich: 
atid K => D N H 


ably contains the same ratio of constit- 
uents as the boiler water itself. Under 
conditions of pure mechanical carry-over, 
the determination of a single constituent 
in the boiler water and steam will deter- 
mine the per cent moisture content and 
the ratio of all other components present. 


pressure, the ratio of the concentration 
of the vaporous component in the steam 
to its concentration in the boiler water 
is constant. This constant coefficient is 
referred to as the distribution ratio. The 
ions present in the boiler water are not 
necessarily volatilized as such, and some 
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intermediate product may be involved 
in the vaporization process. Arbitrarily 
determined ratios may not be real dis- 
tribution ratios, and caution must be 
employed in interpreting results. 

Vaporous carry-over is, however, in- 
dependent of steaming rate and thus may 
be readily differentiated from mechanical 
carry-over. By reducing the steam veloc- 
ity to a sufficiently low value, mechanical 
entrainment of boiler water may be 
completely eliminated. Any solids pres- 
ent in the steam under such conditions 
may be presumed to be due to vaporous 
carry-over. This principle has been em- 
ployed by many investigators to study 
the volatility of both silica and sodium 
salts. 


All of the published data (1-5)® that 
could be found pertaining to the vapor- 
ous carry-over of sodium salts was based 
upon laboratory studies in model steam 
generators. The most comprehensive of 
these investigations was the work of 
Styrikovich (1). In his paper, it was 
theorized that the distribution ratios of 
all compounds are exponential functions 
of the density ratio of steam to water. A 
general equation, K = (D,/D,)¥*, is 
presented where K is the distribution 
coefficient, D,/Dy» is the ratio of the 
densities of steam and water, and WN is 
the volatility constant for the specific 
compound. Coulter et al (2) observed this 
same approximate relationship with re- 
gard to the distribution ratios for silica. 
Figure 1 is a plot of the distribution 
coefficients of three sodium salts as a 
function of pressure based on the data of 
Styrikovich. On the basis of this plot, 
sodium hydroxide and sodium chloride 
volatilize to a significant degree at 2500 
psi and above. Only at very high pres- 


3 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 
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LABORATORY TESTS BY OTHER ~~ 
INVESTIGATORS 


sures would the vaporous carry-over of 
sodium sulfate be of any serious concern. 

The distribution coefficients for sodium 
hydroxide and sodium chloride presented 
in Fig. 1 are sufficiently high to affect 
both the measurement and control of 
steam purity in high-pressure boilers. If 
these values are presumed correct, the 
moisture content of high-pressure steam 
cannot be accurately determined by 
measurement of the conductivity or the 
sodium concentration of the steam when 
these salts‘ are present in the boiler 
water. Furthermore, unless the concen- 
tration of these salts can be maintained 
within reasonable limits, their volatile 
carry-over may result in turbine deposi- 
tion. 


PuRPOSE OF TEST PROGRAM 


To investigate these potential prob- 
lems, the authors instituted a test pro- 
gram to determine the magnitude of 
vaporous carry-over in operating high- 
pressure boilers. The purpose of these 
tests was to determine if the volatility 
effects predicted by laboratory investiga- 
tors could be observed under field condi- 
tions. 

There are numerous difficulties in the 
performance of volatility studies in the 
field which are not present in the labora- 
tory. A laboratory model boiler can be 
designed to generate steam at a suffi- 
ciently low rate to permit the assumption 
of zero mechanical carry-over. An expen- 
sive high-pressure boiler is rarely, if ever, 
operated at a sufficiently light load to 
ensure this assumption. Furthermore, 
boiler water concentrations can be 
arbitrarily established in the laboratory 
to produce concentrations in the steam 
which can be analyzed by standard meth- 
ods, and radioactive tracers may be 
effectively employed to greatly improve 
analytical precision. For obvious reasons, 


4 For uniform terminology, sodium hydroxide 


will be referred to as a salt. 
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neither salts nor radioisotopes can be 
indiscriminantly added to a utility boiler. 
However, conditions in laboratory tests 
never really simulate conditions in the 
operating boiler. For this reason, the 
field test program was considered neces- 
sary to determine if the laboratory data 
could be applied to boiler operation. 


Test SITES 


The vaporous carry-over test program 
was performed on three high-pressure 
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circulation units with operating drum 
pressures of from 2500 to 2600 psig. For 
brevity in the text, the three test facilities q 
may be referred to respectively as Beck- 
jord, Chesterfield, and Ashtabula. 
Although the boiler water specifica- 
tions varied somewhat, the normal con- 
trol in all three boilers may be described 
as a low solids treatment with the salt 
content in the boiler water generally 
maintained below 25 ppm. Slightly in- 
creased salt concentrations were per- 
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boilers belonging respectively to three 
different utilities. The first unit tested 
was the No. 4 boiler at the W. C. Beck- 
jord Power Station of the Cincinnati Gas 
and Electric Co. At full load, this boiler 
produces about 1,200,000 lb per hr of 
steam. The second test site was the No. 4 
boiler at the Chesterfield Power Station 
of the Virginia Electric and Power Co. 
which produces 1,300,000 lb per hr of 
steam at full load. The third boiler tested 
was the No. 5 boiler of the Ashtabula 
Power Station of the Cleveland Electric 
Illuminating Co. The full-load steaming 
rate of this unit is 1,600,000 lb per hr. 
All three of these boilers are controlled- 


Fic. 2.—Sampling System for Vaporous Carry-Over Tests. 


mitted during the test periods to provide 
for more accurate analyses. 


Test PROCEDURE 


Because of the relatively low solids 
content in the boiler water, sodium deter- 
minations were used as the basis for all 
carry-over measurements. The instru- 
ment employed for analysis was a Beck- 
man Model B flame spectrophotometer 
equipped to permit continuous sample 
analysis. Complete analyses were per- 
formed on most boiler water samples. . 
Sodium was the only determination per- 
formed routinely on steam samples; 
however, a number of steam samples 
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were concentrated to permit the analysis 
of other constituents and to check low- 
range sodium determinations. 

Total carry-over was determined by 
continuous sodium analysis of the flowing 
steam sample over a period of about an 
hour. Since total carry-over must always 
be equal to or greater than the vaporous 
carry-over, these measurements estab- 
lished maximum limit for vaporous carry- 
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the top. The pressure in the chamber 
could be maintained at drum pressure 
by taking all of the pressure drop across 
the discharge valves, or the pressure 
could be reduced to any desired lower 
pressure by taking a portion of the pres- 
sure drop across the inlet throttle valve. 
Effective control of pressure and flow was 
possible with the system as shown. 
The effectiveness of separation is de- 
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Fic. 3.—Steam Velocity Through the Pressure Chamber as a Function of Pressure. 


over at the operating pressures of the 
respective boilers. 

A special sampling system was de- 
signed to permit the determination of 
vaporous carry-over, as such, at various 
pressures. This system is shown sche- 
matically in Fig. 2. Samples of steam 
and boiler water were simultaneously 
introduced into the pressure chamber at 
controlled rates. The mixture of steam 
and boiler water was then separated in 
the chamber with the water being dis- 
charged at the bottom and the steam at 


pendent upon the maintenance of a low 
steam-rise-velocity through the pres- 
sure chamber. This velocity is a function 
of both sampling rate and steam pressure. 
The relationship is illustrated in Fig. 3. 
No detectable mechanical carry-over 
resulted within the pressure ranges tested 
with steam sample flows as high as 150 
lb per hr. For convenience, however, 
most tests were performed with steam 
flows of from 25 to 50 lb per hr. In gen- 
eral, boiler water and steam flows were 
approximately equal. 
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Water level control in the pressure 
chamber was critical in the performance 
of these tests. A special method of water 
level control was integrated into the 
design of the pressure chamber. Figure 4 
is a sketch of the pressure chamber used 
in the tests performed at the Chesterfield 
and Ashtabula stations. Water level in 
the chamber was reflected by subcooling 
in “a — water column. Thermo- 
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system, level control was not completely 
adequate, and mechanical carry-over was 
a problem on several occasions. For this 
reason, the chamber was redesigned for 
the subsequent tests. In general, water 
level was controlled between the first and 
second thermocouple points, although 
mechanical carry-over did not occur at 
normal steam flows unless the entire 
water column became submerged. 
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Fic. 4.—Pressure Chamber for Vaporous Carry-Over Tests. 


couple points which became submerged 
indicated temperature reductions of 
from 30 to 70 F. Thermocouple measure- 
ments were continuously monitored on a 
temperature recorder which permitted 
excellent control of water level. In the 
initial tests at Beckjord, a somewhat 
shorter pressure chamber with only three 
thermocouple points was used, and tem- 
perature measurements were made man- 
ually with a potentiometer. With this 


Considerable effort was taken to make 
the entire sampling system adiabatic. 
The inlet steam and boiler water lines 
were made as short as possible, and all 
surfaces from the boiler to the discharge 
valves were heavily insulated. Heat loss 
in the inlet lines is not particularly 
serious; however, precondensation will 
tend to dilute the boiler water in the 
pressure chamber. Condensation in the 
chamber itself is critical since postcon- 
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densation may establish a second water- 
steam equilibrium in the upper part of 
the vessel. This washing effect can reduce 
the apparent vaporous carry-over. Every 
effort was made to prevent condensation 
in the pressure chamber by insulation. 
At Ashtabula the vessel was steam 
jacketed and then covered with insula- 
tion. The steam jacket was actually a 


TABLE I..<-TOTALCARRY-OVER TESTS 
AT THE CHESTERFIELD POWER STA- 
TION. 


Drum pressure, 2600 psig. 


Load, 170 Mw. 
Sream SAMPLES 
Carry- Carry- 
. Sodium, Sodium, 

4:46... .|0.0027) 0.0: 5:04. . .|0.0021| 0.028 
4:48... .|0.0027) 0.0: 5:05. ..|0.0019) 0.026 
4:50... .|0.0023) 0.031) 5:07. ../0.0021) 0.028 
4:52... 0.028] 5:08. . .|0.0021} 0.028 
4:55... ./0.0018) 0.024) 5:09. ..|0.0019) 0.026 
4:56... 0.028] 5:10. . ./0.0019] 0.026 
4:57... .|0.0021) 0.028) 5:12. ../0.0021) 0.028 
5:00... .|0.0018) 0.024! 5:15. . 0.028 
5:02. ...|0.0021| 0.02 

Borter Water SAMPLES 
4:46....\7.5 | 5.7 | 5:02...17.4 | 5.7 
4:83... .17.8 5.7 5:07...|7.4 5.7 
4:57....|7.5 | 5.7 | 5:15. 5.7 


Average sodium in stream = 0.0021 ppm. 

Average sodium in boiler water = 7.5 ppm. 

Average total carry-over = 0.028 per cent. 

Average sodium chloride in boiler water = 
9.4 ppm. 

Maximum possible distribution ratio for 
sodium chloride = 5.7 X 10™¢. 


tightly-wound coil supplied with steam 
at the same pressure as in the chamber. 
The possible effects of postcondensation 
on the test results will be discussed subse- 
quently. 

For the final tests which were per- 
formed at Ashtabula, a small pressure- 
pot was installed in the sampling system 
to permit injection of salts directly into 
the pressure chamber. The purpose of 
this was to study the equilibrium be- 


tween steam and concentrated boiler 
water. A concentrated salt solution was 
first injected into the steam-filled pres- 
sure chamber, and then high-pressure 
steam was introduced into the vessel 
below the water level and was discharged 
at the top. Once equilibrium was ob- 
tained, level was maintained constant. A 
small amount of condensate was intro- 


TABLE’ II—TOTAL CARRY-OVER 
TESTS AT THE ASHTABULA POWER 
STATION. 


Drum pressure, 2500 psig. 


Sream SAMPLES 


Sodium, Sodium,| C@™y- 
1:02... .|0.0034] 0.032] 1:11. ../0.0028] 0.026 
1:05... .|0.0026} 0.025) 1:13. . .|0.0026] 0.025 
1:07... .|0.0030] 0.028] 1:15. . .|0.0025| 0.024 
1:08. ...{0.0035| 0.033] 1:17...|0.0026| 0.025 
1:09... ./0.0030] 0.028] 1:18... ./0.0026] 0.025 
1:10..../0.0032| 0.030) 1:25... .|0.0026| 0.025 


Borer Water SAMPLES 


Conduc- 
Chlo- | Phos- 
Time, pm ride, | phate, pet pH 
ppm | ppm | ppm | ‘hos 
J See 10.6 | 9.3 1.1 | 64.2 | 10.0 
ae 10.6 | 9.3 - 1.0 | 66.0 | 10.0 
i> a 10.6 | 9.1 1.1 | 68.5 | 10.0 


Average sodium in steam = 0.0029 ppm. 

Average sodium in boiler water = 10.6 ppm. 

Average total carry-over = 0.027 per cent. 

Average sodium chloride in boiler water = 
15.3 ppm. 

Maximum possible distribution ratio for 
sodium chloride = 4.7 X 107‘. 


duced with the steam, and an equal 
amount of water was continuously dis- 
charged from the bottom of the vessel. 
This resulted in a gradual dilution of the 
boiler water but, at the same time, pro- 
vided a sample for analysis. Both the 
steam and boiler water were continuously 
monitored over a wide range of concen- 
trations. Concentrated solutions of so- 
dium chloride and sodium sulfate were 
evaluated in this manner. : 
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Test RESULTS 


Tables I and II present the total carry- 
over test data obtained at the Chester- 
field and Ashtabula stations. The data 
were obtained by continuous sodium 
analysis of the regular steam sample. 
Boiler water samples were intermittently 
collected for analysis. Tests of this type 
were not performed at Beckjord; how- 
ever, spot measurements of total carry- 
over indicated the same approximate 
relationship. 

It may be noted that some sodium 
values have been reported to the nearest 
tenth of a part per billion. The authors 


the steam in the pressure chamber, the 
solids present in the steam could be 
concentrated by some factor dependent 
upon the percentage of moisture formed. 
The advantage of this technique was that 
it was quite rapid and permitted direct- 
flow analysis. A second concentration 
procedure employed a “continuous sam- 
ple evaporator.” This equipment per- 
mitted the evaporation (without boiling) 
of a large steam sample to a relatively 
small volume which could then be ana- 
lyzed as desired. With this technique, 
virtually any number of concentrations 
could be obtained; however, the process 


TABLE III.—TECHNIQUES FOR CONCENTRATING STEAM SPECIMENS. 


Steam Boiler Water 
Pressure 
Station Direct 

- Psi Sodium | Method of [Number of{Sodium in | sodium, | PhOS-  |chloride, 

‘74 a Concentration tions trate, ppm, PP™ ppm’ | Ppm 
Beckjord 2550 | 0.0010 Expansion 10 0.0130 2.6 
Beckjord 2550 | 0.0010 | Expansion 5 0.0055 | 2.6 
Chesterfield 2575 | 0.0014 Evaporation 27.2 | 0.0392 | 8.7 1.2 6.6 
Chesterfield 2375 | 0.0013 Evaporation 35.2 0.0440 | 8.4 1.2 6.6 
Ashtabula 2450 | 0.0021 | Evaporation 34.2 | 0.0730 | 8.0 3.0 6.6 
Ashtabula 2550 | 0.0018 | Evaporation 43.1 0.0710 | 9.4 %.9 7.7 


do not presume the test to be accurate 
to this degree; however, it was believed 
desirable to report the data as closely as 
they could be read from the calibration 
curve. 

Because the sodium concentrations in 
the steam were always in the low part- 
per-billion range, methods for concen- 
trating steam samples were occasionally 
employed to confirm the test results. One 
of the methods employed was that pro- 
posed by Gurney (6). In this procedure, 
the high-pressure steam sample was 
throttled to a lower pressure, which 
condensed a percentage of the steam. 
This condensate absorbed virtually all 
of the solids originally present in the 
steam. By separating this moisture from 


was more time consuming than the 
expansion procedure. Both concentra- 
tion methods showed good agreement 
with the direct sodium analyses. Some 
representative values are presented in 
Table III. 

Of primary interest in the test program 
were the direct determinations of va- 
porous carry-over under typical boiler 
water conditions. However, to ensure 
that the boiler water would contain one 
of the two salts predicted to have a 
significant volatility, the stations in- 
volved were requested to introduce a 
small amount of sodium chloride into the 
boilers to be tested. Sodium chloride was 
selected over sodium hydroxide because 
of possible side effects associated with 
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TABLE IV.—VAPOROUS CARRY-OVER TESTS. 


Becxsorp Power STaTIon 


9000. { at } 2.0 1074 
1950... Water | sso |f 93x 10 

CHESTERFIELD PowER STATION 
{ } 9.6 X 10-5 
2: { } 5.7 X 10-5 
2175........... { } 1.2 x 10-4 
{| Woe 63s | |} 8:0 10" 
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TABLE IV.—Continued 


CHESTERFIELD Power STATION 


Pressure, psig — “N Was) 

ASHTABULA PowER STATION 
2900. {| Water [100 | a3 | 5.2 | ooo if 10~ 
{| | | oo | | |} 


the latter. Each of the three utilities 
consented to the request, and from 10 to 
25 ppm of sodium chloride was main- 
tained in the water in these boilers during 
the test period. Several test runs were 
performed before the addition of sodium 
chloride to the boilers for comparative 
purposes. 

Each test run consisted of measure- 
ments with the chamber at full drum 
pressure and at a number of reduced 
pressures. The test range included 
roughly from 1500 to 2600 psig. Table 
IV presents a résumé of all the vaporous 


carry-over data collected at the three 
test sites. 

Only at Ashtabula was the sampling 
system equipped to permit evaluation 
of vaporous carry-over from highly con- 
centrated boiler water solutions. Sodium 
chloride and sodium sulfate were in- 
jected into the pressure chamber on 
separate test runs. After equilibrium was 
obtained, the steam and boiler water 
samples were continuously monitored | 
over a wide range of sie 


Tables V and VI present a résumé of the 
data obtained. 
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TABLE V.—SODIUM CHLORIDE _IN- 

JECTION TEST, ASH’, ABULA POWER STA- 

TION—UNIT NO. 5, PRESSURE 2550 psig, 


Boiler Water Steam 
Time Conduc-! Conduc- 
tivity, |Sodium, | tivity, |Sodium 
microm-| ppm j|microm-| ppm 
hos hos 

6600 1590 | ... 
5040 1200 | ... 
ae 4850 1120 | 7.11 |0.800 | 7.14 
Rae 2100 400 | 5.9 |0.400 |10.0 
2000 380 | 5.11 |0.300 | 7.89 
1780 340 | 4.71 
ee 1650 310 | 2.74 |0.175 | 5.65 
7:06. ..... 1540 290 | 2.66 |0.140 | 4.83 
Ae 1450 270 | 2.51 |0.125 | 4.63 
1320 245 | 2.45 |0.106 | 4.32 
1130 210 | 2.9 (0.096 | 4.57 
i re 935 183 | 2.81 |0.088 | 4.81 
i See 836 163 | 2.25 |0.075 | 4.60 
i eee 770 150 | 2.16 |0.060 | 4.00 
ci See 701 138 | 2.1 |0.047 | 3.41 
io: ae 638 125 | 2.06 |0.037 | 2.96 
a See 583 113 | 2.04 |0.031 | 2.74 
a ee 540 105 | 2.02 |0.027 | 2.57 
7:20. 496 97 | 1.99 |0.022 | 2.27 
7:21.. 452 87 | 1.99 |0.021 | 2.41 
7:22.. 405 79 | 1.95 |0.022 | 2.78 
io Ee 353 69 | 1.95 |0.019 | 2.75 
ae 322 62 | 1.95 |0.014 | 2.26 
Se 300 58 | 1.94 |0.017 | 2.93 
J eye 275 55 | 1.91 |0.014 | 2.55 
264 53 | 1.91 |0.011 | 2.08 
242 48 | 1.89 |0.0089) 1.85 
224 43 | 1.88 |0.0065) 1.51 
oo 205 39 | 1.88 |0.0060) 1.54 
192 37 | 1.88 |0.0050) 1.35 
7:32.. 169 33 | 1.89 |0.0040) 1.21 
155 30 | 1.90 |0.0035, 1.17 
140 26 | 1.90 |0.0030) 1.15 
ct SS 126 24 | 1.89 |0.0030) 1.25 
117 22 | 1.86 |0.0030) 1.36 
ae 98.5 20 | 1.85 |0.0025) 1.25 
i 90.3 18 | 1.86 |0.0025) 1.39 
a 84.4 15 | 1.86 |0.0023) 1.53 
78.0 14 | 1.86 |0.0023) 1.64 
68.6| 12 | 1.85 |0.0023) 1.91 
61.5) 12 | 1.86 |0.0021) 1.75 
54.9) 11 | 1.86 |0.0020) 1.82 
7:44.. 49.2 10 | 1.86 {0.0020} 2.00 
7:45.. 44.6 9 | 1.85 |0.0018) 2.00 
7:46 39.7 8 | 1.84 |0.0016) 2.00 
7347... 34.4 6 | 1.84 |0.0015| 2.50 


DISCUSSION OF RESULTS 


The results shown in Tables I and II 
indicate average total carry-over values 
of 0.028 per cent and 0.027 per cent for 
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boilers operating at pressures of 2600 
psig and 2550 psig, respectively. The 
limiting distribution ratios for sodium 
chloride were calculated by presuming 
that all of the carry-over was vaporous 
and that sodium chloride was the only 


TABLE VI.—SODIUM SULFATE INJEC- 
TION TEST, ASHTABULA POWER STA- 
TION—UNIT NO. 5. 


Boiler Water Steam 
Time —_|Conduc- Conduc- 
tivity, |Sodium,} tivity, |Sodium, 
microm- ppm  |microm- ppm 
hos hos 
ae 3400 | 810 0.058 | 7.16 
_ 3350 | 790 0.062 | 7.84 
3400 | 810 0.060 | 7.41 
J 3300 | 780 . (0.056 | 7.18 
See 3200 | 760 0.056 | 7.37 
See 3100 | 720 0.060 8.33 
ee 3000 | 700 0.053 | 7.57 
6208..... 2200 | 480 0.046 | 9.58 
ee 2100 | 460 0.043 | 9.35 
ee 1900 | 410 0.034 8.29 
ae 1800 | 380 0.034 8.95 
6:06..... 1700 | 360 0.033 | 9.17 
Fe 1600 | 340 0.034 | 10.00 
6:06..... 1500 | 310 0.037 | 11.93 
Geen... 1450 | 300 0.034 | 11.33 
1400 | 290 0.031 | 10.69 
a 1300 | 265 0.030 | 11.32 
6:12 1200 | 240 0.027 | 11.25 
6:13.. 1150 | 215 0.025 | 11.63 
Oci4...... 1035 | 200 0.023 | 11.50 
6216...... 930 | 195- 0.023 | 11.79 
890 | 190 0.021 | 11.05 
i: 830 | 182 0.017 9.34 
6:38... .:. 755 | 164 0.013 7.93 
6510. .... 680 | 148 0.0125) 8.45 
6:30. .... 615 | 132 0.0115) 8.71 
580 | 125 0.0100) 8.00 
er 550 | 120 0.0092| 7.67 
6.23.. 512 | 110 0.0077; 7.00 
Gs36..... 500 | 108 0.0065) 6.02 


volatile salt present. The values (5.7 X 
10-* and 4.7 X 10-*) obtained were con- 
siderably less than those predicted using 
the equation of Styrikovich (Fig. 1). 
The direct determinations of vaporous 
carry-over (Table IV) produced even 
lower distribution ratios than those 
shown above. The sodium concentrations 
in the steam samples were all extremely 


4 
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low, and all distribution coefficients ob- 
tained were less than those predicted 
by other investigators. The possibility 
of postcondensation in the upper part of 
the pressure chamber was immediately 
suspected. Even,a small amount of con- 


the effective contact between the steam 
and condensate. Figure 5 is an illustra- 
tion of the potential error which can 
result from postcondensation in a test 
vessel. This plot assumes that all con- 
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Fic. 5.—Potential Effect of Condensation on Vaporous Carry-Over Determinations. | ry 


densation can absorb a large percentage 
of the vaporized solids from steam when 
the distribution ratio is small. If a second 
water-steam equilibrium occurs in the 
upper part of the test vessel, the steam 
in contact with the condensate would be 
effectively washed. As a consequence, 
the apparent distribution ratio would be 
lower than the actual equilibrium value. 
The discrepancy between the two values 
is a function of the percentage condensa- 


Distribution Coefficient, K 


io bee 

densate is retained in the test vessel, and 
that the condensate absorbs solids to 
saturation. The plot, therefore, gives 
the maximum possible error which can 
be introduced by the washing phenome- 
non. 
Although heat losses can never be 
prevented completely by insulation 


tion, the actual distribution ratio, and 7 


alone, postcondensation was not believed 7 


to have been a problem at Beckjord or 
Chesterfield. The reason for this opinion 
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was that the results were not affected 
by significant changes in steam flow 
through the pressure chamber. Presum- 
ing a constant rate of heat loss, an in- 
creased steam flow will reduce the per- 
centage of condensate formed and should 
thus reduce the effective washing which 
could occur. A more convincing factor 
was the fact that the total carry-over 
test results were of the same order of 
magnitude as the vaporous carry-over 
data. Total carry-over tests were per- 
formed on completely condensed samples 
taken directly from the boiler. Condensa- 
tion could have little effect on these 
determinations. Nevertheless, it was 
decided that the tests to be performed at 
Ashtabula would incorporate steam- 
jacketing in addition to the normal 
insulation on the pressure chamber. The 
results obtained with steam-jacketed 
equipment were approximately the same 
as those obtained at Beckjord and Ches- 
terfield. 

The salt injection tests were conceived 
in an effort to obtain some vaporous 
carry-over data under simulated condi- 
tions of high boiler water concentrations. 
This was done by first injecting a con- 
centrated salt solution into the pressure 
chamber and then continuously passing 
high-pressure steam through the chamber 
and out the top. The steam was intro- 
duce’ below the water level to promote 
’ mixing and contact. These conditions 
were not identical with those in a model 
steam generator since the steam did not 
originate from the concentrated water; 
however, if contact between the water 
and steam is adequate, similar results 
might be expected. 

The data obtained in the sodium 
chloride injection tests are rather inter- 
esting. The calculated distribution ratios 
are definitely higher with high salt con- 
centrations in the water. This phenome- 
non may be peculiar to the type of test 
performed; however, it is noteworthy 
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that the values obtained at the high 
concentrations are in fair agreement with 
the laboratory data of other investiga- 
tors while the values obtained at low 
concentrations are in agreement with 
the coefficients we had previously ob- 
tained. 

It is not unreasonable that a measured 
distribution coefficient might vary with 
concentration. This would depend upon 
the mechanism by which the volatile 
component was formed. For the sake of 
discussion, let us assume that sodium 
chloride is vaporized as a result of the 
instantaneous formation of a neutral 
sodium chloride molecule which is vola- 
tile under high-pressure boiler conditions: 


Nat + Cl Naci®,, NaCh..(1) 


[NaC], 

4 1 = (2) 
[NaCl]. 
4 K: = (3) 


Since the formation of the neutral mole- 
cule is dependent upon the reaction of 
sodium ions with chloride ions, its con- 
centration is proportional to the sodium 
ion concentration times the chloride ion 
concentration. In a stoichiometric solu- 
tion, therefore, the concentration of the 
volatile component is proportional to the 
square of the ionized salt concentration: 


(Nat-Cl-] = [Nat] = 
Stoichiometric solution. . (4) 


{NaCl} [NaCl] 
[Na*}[CI-] [Na*-Cl-P 


1 


Thus, even though the actual distribu- 
tion ratio is presumed constant (Eq 3), 
the volatile sodium chloride concentra- 
tion in the steam would be proportional 
to the square of the ionized salt concen- 
tration in the boiler water. Regardless of 
the analytical technique employed, the 
measured distribution ratio would be a 


noah 


Sodium in Steam. 
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Sodium in Steam, ppb 


function of the boiler water concentra- 
tion and not a constant. 

The authors do not wish to imply that 
Eq 4 is the mechanism by which so- 
dium chloride is volatilized. The data 
collected thus far are not sufficient to 
justify such a conclusion. However, it is 
possible that an intermediate product is 
involved in the vaporization process. 


1000, 
100 
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Sodium in Boiler Water, ppm 


Fic. 6.—Vaporous Carry-Over of Sodium 
Salts at 2550-psig Salt Injection Tests. 


Volatilization of silica from alkaline 
boiler water is generally attributed to 
the formation of silicic acid by hydroly- 
sis. The dependency of vaporization 
upon this intermediate product causes 
the carry-over of silica to be a function 
of the pH of the boiler water. 

The distribution coefficients obtained 
for sodium sulfate (Table VI) in the salt 
injection tests varied somewhat with 
concentration; however, they do not 
show the same pattern as do the results 
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for sodium chloride. For comparison 
purposes, data from both tests are 
plotted together in Fig. 6. The vaporous 
carry-over of sodium sulfate was always 
much lower than that for sodium chlo- 
ride. This, of course, was expected. 

The lack of agreement between our 
field data and the results obtained by 
others in the laboratory was of concern 
to the authors throughout the test pro- 
gram. Several possible explanations were 
considered. The possible influence of 
concentration on distribution ratios is 
significant since there is a question as to 
whether adequate laboratory tests have 
been performed at the low concentra- 
tions that are typical in high-pressure 
boilers. Although both Styrikovich (1) 
and Sastry (3) indicate that their tests 
were performed over a range of concen- 
trations, no actual data were presented 
in the translations which were available. 
Neither Straub (4) nor Morey (5) per- 
formed volatility tests in the low-concen- 
tration range. 

The steam-water dynamics in a boiler 
were compared with those in a simulated 
test vessel to evaluate any fundamental 
differences. Introduction of feedwater 
into a boiler results in subcooling in the 
drum. The degree of subcooling depends 
upon the temperature of the feedwater, 
the circulation ratio, and the extent of 
mixing between the feedwater and the 
boiler water. In a large high-pressure 
unit, the mean temperature of the water 
in the drum might be as much as 25 F 
below saturation. The temperature of the 
water in contact with the steam phase 
would, of course, be somewhat higher 
than the average. It is difficult to predict 
what influence this factor might have on 
vaporous carry-over. The water in con- 
tact with the steam during generation 
and separation is obviously at saturation 
temperature, and the degree of contact 
between the steam and the water in the 
drum is questionable. However, a few 
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degrees of temperature could have a 
significant effect on salt volatility, and 
the vaporous carry-over might be less in 
an operating boiler than in a model steam 
generator where the boiler water is main- 
tained at saturation temperature. 

Strictly on the basis of the data ob- 
tained in the field, vaporous carry-over 
does not appear to present a problem in 
the 2500 to 2600-psi pressure range pro- 
vided reasonable limits are placed on 
boiler water concentrations. In the 
boilers tested, the total carry-over of 
sodium was relatively low even with 
higher-than-normal concentrations in 
the boiler water. Data collected under 
these conditions indicated a distribution 
ratio for sodium chloride which was 
definitely less than 5 X 10~ and proba- 
bly less than 2 X 10~*. Converted to a 
more familiar form, these figures repre- 
sent 0.05 per cent and 0.02 per cent 
carry-over, respectively. Although pri- 
mary emphasis was placed in the study 
of sodium chloride characteristics, so- 
dium phosphate and sodium hydroxide 
were present in many of the boiler water 
samples tested. Variations in these con- 
stituents did not appear to affect the 
over-all pattern of low vaporous carry- 
over. It is difficult to extrapolate the 
data obtained to predict conditions in 
boilers operating at higher pressures. If 
distribution ratios are exponential func- 
tions as many investigators believe, the 
magnitude of vaporous carry-over could 
increase rapidly with only a moderate 
increase in pressure. 

Vaporous carry-over can be expected 
to complicate the determination of steam 
purity in high-pressure boilers. If vola- 
tile carry-over is significant, it will be 
virtually impossible to measure accu- 
rately the moisture content of the steam 
by chemical means. Where sodium 
analysis is employed to determine solids 
content, considerable question may exist 
as to what anions, if any, are also present 
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in the steam. Vaporous carry-over may 
also present a problem in steam sampling. 
A small amount of condensation may 
absorb a large percentage of the va- 
porized solids in a steam sample. The 
sample line should be designed to ensure 
that any condensate formed cannot 
drain back into the drum. The total 
sample leaving the drum should be col- 
lected for analysis. No portion should be 
bypassed; otherwise, the sample collected 
might contain all or none of the concen- 
trated condensate. 

The data presented in this paper repre- 
sent only a portion of the test work which 
the authors intend to perform on the 
study of “Impurities in Steam from 
High-Pressure Boilers.” It is anticipated 
that future work will include studies of 
the characteristics of sodium hydroxide, 
sodium phosphate, and sodium sulfate. 

SUMMARY AND CONCLUSIONS © 


40 


A research program was undertaken 
to determine the extent to which sodium 
salts are subject to vaporous carry-over 
under high-pressure boiler conditions. 
Field tests were performed on three 
boilers operating in the 2500 to 2600-psi 
pressure range. Primary emphasis was 
placed in the study of sodium chloride, 
although other salts were evaluated to a 
lesser degree. 

The results obtained indicate that the 
volatility of sodium chloride is relatively 
low at these pressures as long as the salt 
concentration in the boiler water is 
maintained within reasonable limits. 
With 10 to 25 ppm of sodium chloride in 
the boiler water, calculated distribution 
ratios averaged less than 2 X 10-4, or 
0.02 per cent carry-over. Under these 
conditions, vaporous carry-over would 
result in the presence of approximately 
1 ppb sodium in the steam. On this basis, 
vaporous carry-over of sodium salts does 
not appear to present a serious problem 


with regard to turbine deposition in the 
2500 to 2600-psi pressure range. 

The magnitude of the vaporous carry- 
over observed in the field tests was con- 
siderably less than that obtained by other 
investigators in the laboratory. There 
are several possible explanations for this 
lack of agreement; however, present 
information on the mechanics of vapor- 
ous carry-over is inadequate to permit 
evaluation of all potential factors. 

The authors plan further research 
work with regard to carry-over in high- 
pressure boilers. Future tests will in- 
clude studies of the characteristics of 
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Mr. L. E. Jounson! (in written form). 
—The paper by Messrs. Ulmer and 
Klein is very timely and appropriate. 
Because of the trend toward higher pres- 
sures in boilers; vaporous carry-over has 
assumed a dominant role in steam purifi- 
cation considerations. 

At our Research Center we have also 
been measuring vaporous carry-over, and 
we have noted a sensitivity to pressure 
considerably greater than that observed 
by Messrs. Ulmer and Klein. Although 
we are in agreement with their values in 
the 2500 to 2600-psi pressure range, the 
values given in the paper for 1500 psi 
are 30 to 100 times greater than our ob- 
served values. At 2900 psi our measure- 
ments are appreciably higher than would 
be indicated if one were inclined to 
extrapolate the authors’ data which 
were limited to 2600 psi. 

In view of these differences, a descrip- 
tion of our apparatus may be in order. 
Figure 7 shows a diagram of our test 
facility. It consists essentially of a 60-in. 
inside diameter spherical drum with a 
downcomer and a centrifugal pump to 
circulate water; a steam discharge line 
and a centrifugal pump to circulate 
steam; a mixer section to mix the water 
and steam; and a riser section to bring 
the steam-water mixture back to the 
drum. The full-size separating equip- 
ment to be tested is installed inside the 
drum. Both pumps have variable speed 
drives to control the quantity and quality 
of the mixture through the separating 
equipment. An automatically controlled 
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natural-gas furnace is used for bringing 
the system up to pressure and to make 
up heat loss from the system. A con- 
siderable amount of auxiliary equipment 
is not shown. It includes a boiler water 
storage tank in conjunction with a sys- 
tem for controlling drum water level; an 
automatic condensate system for provid- 
ing seal water to the pump bearings; a 
demineralizer; and complete instru- 
mentation for measuring pressure, steam 
flow, water flow, true water level, boiler- 
water chemistry, carry-over, carry- 
under, pressure drop, and other variables 
essential to the control of this system. 
The instrumentation includes a flame 
spectrophotometer set up for continuous 
analysis and recording of the sodium 
content of steam samples. 

Thus, we have a facility which has all 
of the advantages of a laboratory unit 
and most of the advantages of a field 
test unit in that full-size separating 
components can be tested under actual 
operating conditions of pressure, tem- 
perature, steam flow, and water circula- 
tion rate. 

The accompanying Table VII shows 
the chemical analysis of the normal boiler 
water used during the majority of these 
tests. These are nominal values only, 
and the actual solids for each particular 
test may have varied considerably from 
this average. However, during each test, 
boiler-water pH and conductivity were 
continuously monitored and _boiler- 
water samples were taken periodically for 
chemical analysis. 

Figure 8 shows typical results obtained 
from tests of separating equipment in 
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the apparatus just described. The results 
are plotted as per cent carry-over versus 
steam flow for each of four different 
pressures. The values on the ordinates 
are actually the ratios of sodium in the 
steam to sodium in the boiler water and 
therefore include both mechanical carry- 
over and vaporous carry-over of sodium. 
Note that at each pressure there is a 
minimum value of carry-over. At the 
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Fic. 7.—Steam Separator Test Apparatus 
Design Pressure 3000 psia at 695 F. 


TABLE VII.—NORMAL BOILER 
WATER CHEMISTRY. 


5 ppm 

Total dissolved solids........... 500 ppm 


lower pressures (1500 and 2000 psi) there 
is a distinct flat portion of the curve at 
low steam flows and a definite break in 
the curve as the steam flow increases. 
The lowest values on the curve are 
below 0.00015 per cent, which represents 
a sodium concentration in the steam 
sample of about 0.1 ppb. At the higher 
pressures there is a more gradual increase 
in carry-over with increasing steam flow, 
but, if the curves are extrapolated to 
zero steam flow, there is still a significant 
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amount of carry-over. These minimum 
values at each pressure are assumed to 
be vaporous carry-over. 

Plotted on Fig. 9 are the results of 
several tests of this same type. We have 
plotted the minimum values of carry- 
over (vaporous carry-over) against pres- 
sure. The heavy vertical lines represent 
the range of minimum values observed, 
and the circles represent the average of 
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Fic. 8.—Carry-Over Versus Steam Flow at 
Various Pressures. 


the number of points listed at each pres- 
sure. Note that our values of vaporous 
carry-over at 2500 psi check very closely 
with those observed by Ulmer and Klein. 
They report, in Tables I and II, average 
values of 0.027 per cent and 0.028 per 
cent at 2500 and 2600 psi, respectively, 
compared to our average value of 0.025 
per cent at 2500 psi. 

The curved line is a calculated line of 
vaporous carry-over of the form sug- 
gested by Styrikovich, K = (D,/Dw)*, 
with the exponent chosen to fit our,data. 
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come to two tentative conclusions which ture of compounds which we had in our t 
must be proven by more data. First, the boiler water does not act as a mixture of 4 
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several individual compounds but rather 
as a single complex compound. This is 
logical because, although this is a rela- 
tively high-solids water by high-pressure 
boiler standards, it is an extremely dilute 
solution by ordinary chemical standards, 
and therefore, the chemicals may be 
assumed to be almost, but not quite, 
completely ionized. Therefore, each cat- 
ion present is available to combine with 
any anion and, consequently, the boiler 
water acts as a complex compound with 
a distribution ratio peculiar to that 
particular combination of compounds 
as we observe on Fig. 9. 

Plotted on Fig. 10 are the results of 
the variable pressure data from Table 
IV of the Ulmer and Klein paper. Also 
shown is the curve, K = (D,/D,)**, 
representing our data. Whereas all of 
our data, within experimental error, 
follow the relationship between vaporous 
carry-over and pressure proposed by 
Styrikovich, it is apparent that the 
authors’ data do not. The values ob- 
served at 2500 psi and 2600 psi are close 
to our observed values. However, the 
values observed in the pressure range of 
1400 to 2000 psi are considerably higher 
than we would expect. 

We might offer a speculation on the 
reason for the difference observed. Ap- 
parently all of the data reported on Table 
IV was obtained in small pressure cham- 
bers connected by tubing to steam drums 
which were operating in the pressure 
range of 2500 to 2600 psi. The pressures 
below 2500 psi were obtained by throt- 
tling the steam and water to the desired 
pressure. It is then possible that the 
steam and water were not in intimate 
turbulent contact for a sufficient length 
of time for the salts dissolved in the 
steam to come to equilibrium with the 
salts dissolved in the boiler water. If this 
explanation is correct and the authors’ 
data are in error, an extrapolation of 
their curves to higher pressures, say 
2800 or 2900 psi, would introduce signifi- 
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cant errors since their values of carry- 
over are increasing at a much lower rate 
than the values for our data. 

We are continuing our studies of va- 
porous carry-over, and we are planning 
a more complete report in the future. 

Messrs. R. C. ULMER AND H. A. 
(authors’ closure)—The authors 
wish to thank Mr. Johnson for his in- 
formative discussion and for the con- 
tribution of additional data on vaporous 
carry-over. We are pleased to have a 
confirmation of our data in the 2500 to 
2600-psi pressure range. The majority 
of our data was collected at full drum 
pressure for the respective boilers, and 
this is the area of primary interest. 

We are neither greatly surprised nor 
concerned over discrepancies at the lower 
pressures because it was realized that 
these values might be in error. The so- 
dium concentrations in the steam at the 
lower pressures were often below the 
detectable limit for the analytical instru- 
ment used. It was for this reason that 
we did not plot the data and specifically 
discouraged any attempt to extrapolate 
to higher pressures. 

From the standpoint of the operator, 
the discrepancies described are of no 
practical importance. It is true that a 
distribution ratio of 10~5 is 100 times as 
great as 10-7. However, for all practical 
purposes, both values may be considered 
zero. With 25 ppm of dissolved salts in 
the boiler water, a distribution ratio of 
10-5 would produce a sodium concentra- 
tion in the steam of about 0.1 ppb. Our 
investigation was intended to be a power 
plant study under relatively normal 
boiler conditions. We could not, there- 
fore, have possibly reproduced the low- 
pressure data which Mr. Johnson pre- 
sents. This would have required analysis 
of sodium to the nearest 0.01 ppb. 

Mr. Johnson suggests that failure to 
reach equilibrium might have been re- 
sponsible for our inability to obtain the 
expected zero sodium values in the re- 
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duced pressure tests. This is a logical 
conclusion in view of the fact that the 
contact time between throttling and 
separation was quite short. Lack of 
knowledge on rate of mass transfer under 
these conditions makes it impossible to 
confirm or disprove this assumption. 
The fact that Mr. Johnson’s data 
agreed with the Russian equation is note- 
worthy since this equation seems sound 
on the basis of silica volatilization data. 
The choice of a 5.5 exponent agrees well 
with our most reliable data. Particular 
care must be taken, however, in any 
theoretical analysis of vaporous carry- 
over. The volatile material may not be 
the ionized salt as we know it but rather 
some intermediate product activated 
under boiler conditions. Interaction 
between the ions of a solution may affect 
the mutual volatility of different salts. 


| 


From this standpoint, distribution ratios 
may be constant only for a given specified 
solution. 

The test facility described by Mr. 
Johnson does indeed have excellent 
possibilities for the study of vaporous 
carry-over. We look forward to the 
publication of his complete report. The 
difficulties inherent in testing with small 
model boilers cannot be overemphasized. 
Very low steaming and sampling rates 
make it difficult if not impossible to 
rinse sample bottles and glassware in an 
acceptable manner to perform the sensi- 
tive chemical tests required. A new 
fullsize test boiler designed for operation 
up to 3200 psig is presently being built 
in our research and development labora- 
tories. We expect to perform complete 
vaporous carry-over studies on this unit 
as soon as it is available 
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Mr. R. W. Lane! (presented in written 
form).—Since the vaporous carry-over of 
boiler water salts from boiler water has 
been shown to be stoichiometric with 
respect to the cation and anion involved, 
the application of the hydrogen exchange 
technique should prove satisfactory for 
the measurement of vaporous carry-over 
as well as mechanical carry-over. Since 
the conductivity values of boiler water 
salts in acid form at atmospheric boiling 
water temperature have been determined? 
and since measuring and recording at 
boiling water temperature provides in- 
creased accuracy and sensitivity, the 
conductivity method may now be used to 
measure and determine actual boiler 
water carry-over as low as 10 to 20 ppb. 

The reported technique for sampling 
superheated steam is a worthwhile con- 
tribution. This technique makes possible 
the accurate determination of steam 
purity of superheated steam, which 
previously could not be obtained. 

We would like to comment on the 
desirability of using a pump to meter 
the injected water since the valve adjust- 
ment to provide natural circulation 
might be expected to provide inexact 
dilution. 

The accompanying Fig. 1 shows the 
conductivity-pH relationship between 
morpholine’ and carbon dioxide at 25 C 


1Chemist, State Water Survey Div., Ur- 
bana, IIl. 

2R. W. Lane, C. H. Neff, and T. E. Larsen, 
American Power Conference, Vol. XXIII, pp. 550— 
558 (1961). 

3A. R. Ingram and W. F. Luder, “The 
Ionization Constant of Morpholine in Water,” 
Journal, Am. Chemical Soc., Vol. 64, pp. 3043- 


3044 (1942). 


DISCUSSION 


mobil 
3 


orth 


which we feel will be of interest to the 
group. As equilibrium constants and 
equivalent conductances become avail- 
able for other amines and at the higher 
temperatures, further graphs will be 
prepared. 

Mr. E. E. (author)—Mr. 
Lane mentioned that he would prefer to 
use a metering pump rather than the 
natural circulation system on the re- 
circulation nozzle. 

I think the choice would depend on the 
type of test for which the nozzle is to 
be used. If the test is expected to be 
rather short, it is much more convenient 
to use the pump. Certainly it can be 
controlled more accurately, it is easier 
to hook up, and the rate of recirculation 
can be determined more easily. In all of 
our tests, we have used a pump. How- 
ever, if one were going to use such a 
sampling system for monitoring steam 
purity over a long period of time, the 
pump would be quite troublesome, and I 
think then it might be worthwhile 
setting up the natural circulation system. 

Mr. H. A. Kiet (author) —In view 
of the effect of ammonia on chloride 
volatility the question has been raised as 
to possible interference of ammonia in 
our vaporous carry-over tests. Since our 
tests were run in the field, we had to 
contend with the ammonia normally in 
the steam in each particular plant. 
Ammonia concentrations on the average 
were about 0.3 ppm which, on the basis 
of stoichiometry, would be capable of 
tying up about 600 ppb of chloride. Our 
carry-over measurements were based 
solely on sodium analysis so we could not 
detect chloride carry-over in the form of 
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ammonium chloride. We had to assume 
that the presence of ammonia did not 
influence the vaporization of sodium 
salts as such. 

Mr. R. C. Utmer (author)—Am- 
monia is another variable that is very 


100 


total solids, and Styrikovich’s work 
which was around 500 ppm. Most of the 
work that was done in the ASTM project 
was at an even higher range. 

The intriguing thing is that on varying 
the concentration, around 500 ppm, we 
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Fic. 1.—Conductivity-pH Relationship Between Morpholine and Carbon Dioxide at 25 C. 


difficult to control. We gave some thought 
to the possibility that ammonia might 
have had something to do with the re- 
sults, but sufficient data were not avail- 
able to draw conclusions. 

I would like to be sure that everyone 
realizes that there was considerable 
difference in concentration between our 
tests, most of which were around 25 ppm 


6 


check the distribution ratio very closely. 
If we go much below that, we do not 
check. 

I am of the opinion that perhaps we 
have stumbled onto something that some 
of the other people have missed in that 
they didn’t vary concentration. Time 
will tell. 
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Mr. M. D. Baxer.A—The papers as 
they were presented are quite interesting 
and worthwhile. They remind me of some 
things that happened in the period from 
1927 to 1930. This was when steam 
qualities were determined with a throt- 
tling calorimeter. The main reason for 
mentioning it is that following a series 
of steam quality tests an inspection was 
made of a superheater inlet header. The 
inspection showed an appreciable amount 
of sodium hydroxide in the header. The 
boiler water constituents had a ratio of 
15 parts phosphate, 5 to 10 parts sulfate, 
and 1 part hydroxide. Yet, the deposit 
found in the header that contained a 
large number of ferrules inserted to ob- 
tain better steam distribution was more 
than 90 per cent sodium hydroxide. 

The fact is that the deposits found in 
the superheater header were placed there 
with reasonably high velocities of the 
steam. Experiments reported in the 
papers gave results of vaporous carry- 
over with practically zero velocity of the 
steam. When the amount of steam pro- 
duced by the boiler was reduced, the 
velocity of the steam through the purify- 
ing equipment was reduced. As a result, 
the deposition of sodium hydroxide 
disappeared. The thought is that possi- 
bly the amounts of volatilization prod- 
ucts produced would be greater if it were 
possible to increase the flow of steam 
from the surface of the test solution. A 
more rapid removal of the vapor without 
producing physical carry-over should be 
used before the reported figures and 
theories are accepted as final. 

Mr. E. B. Morris.5—With respect to 
Mr. Rubright’s paper, he makes two 
statements. One is an assumption that 
since this particular test boiler was used 


4Chief Chemist, 
Springdale, Pa. 
5 Head, Chemical Section, American Electric 
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for the silica carry-over studies it had 
been proven that it was not subject to 
mechanical carry-over. 

The second statement was that since 
they used a range of 2 to 5-lb per hr 
flow in these tests, mechanical carry-over 
did not exist. 

I am wondering, because I do not 
recall how it was first determined, that 
this test facility was not subject to 
mechanical carry-over; when you put 
5000 ppm sodium chloride in such a 
device you change the entire boiling 
characteristics of the water. 

In Ulmer and Klein’s paper, Fig. 6 
shows the parameters, or the relation- 
ship, between sodium chloride in the 
boiler water and sodium chloride in the 
steam. I note that for a ten-fold concen- 
tration in the boiler water there is a 50- 
fold concentration in the steam. This is 
attributed to the change in distribution 
ratio. 

On a practical basis, we started up a 
2000-lb pressure boiler about 3 yr ago 
on conventional sodium treatment. The 
total solids probably never exceeded 100 
ppm, and the chloride content never 
exceeded 1 ppm. But in short order, the 
boiler feed pump turbine which was 
supplied with steam from the exhaust of 
the high-pressure turbine fouled up. It 
was opened and deposits were found 
consisting of boiler water salts including 
sodium chloride. This fouling occurred 
repeatedly as demonstrated by the open- 
ing of the high-pressure valve, or the 
by-pass valve. 

Then the boiler water conditioning was 
changed to a modified low solids treat- 
ment, the solids being limited to 25 ppm, 
although they probably never ap- 


proached that. The volatile treatment 
was ammonia with about 5 ppm phos- 
phate maintained. After almost a year’s 
operation the feed pump turbine was 
again opened and found completely 
clean. Now all this leads to the question: 
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Is there perhaps a limiting concentration 
of impurities in the steam which will 
cause deposits in turbines rather than a 
linear function? If a linear function 
exists, 10 ppm would build up deposits 
at a certain rate. If you have a hundred 
ppm, it would build up ten times as fast. 
That is my specific question. 

In connection with the Cobb and 

Coulter paper, we observed in 1938 a 
1300-psi boiler showing a consistent 
difference in conductivity of saturated 
and superheated steam. The saturated 
steam showed twice the conductivity as 
the superheated, even though ithe satu- 
rated steam was only a half a micromho. 
In those days, this was attributed to lack 
' of isokinetic sampling. However, I think 
-we perhaps now have the true cause. 
I think if we let our imagination soar 
a little, perhaps this mechanism of dep- 
osition in superheated steam sampling 
lines from the vapor phase could be a 
possible avenue of approach, or a tech- 
nique, to study further the mechanism 
and the magnitude of vaporous carry- 
over. 

Mr. Kiem.—Mr. Morris has referred 
to the salt injection tests which we per- 
_ formed at Ashtabula Station to study the 
influence of solute concentration on the 

-volatility of salts at high pressure. Mr. 

Morris is apparently concerned that the 

increased carry-over of sodium chloride 

that we observed with high concentra- 
tions might have been due to increased 
mechanical carry-over. 

High salt concentrations in boiler 
water can affect the surface tension of 
the water and under severe conditions 
will promote foaming. Such phenomena 
are, however, generally associated with 
high-load operation where agitation is 
great. The steam rise velocities through 
our test chamber were on the order of 
0.2 in. per sec, which would seem to be 
sufficiently low to permit complete 
separation. Furthermore, if mechanical 
carry-over were responsible for the salt 
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in the steam, we would have expected to 
observe increased carry-over with in- 
creased steam veiocity. 

In the paper we discussed a theory 
which might possibly explain the appar- 
ent variation of the sodium chloride 
distribution ratio with different salt 
concentrations. This is only a theory, 
however, and considerably more experi- 
mentation will have to be performed 
before any sound evaluation of the data 
can be made. 

Mr. M. M. Rusricut (author)—The 
mechanical carry-over characteristics of 
this test boiler were determined during 
Coulter’s work on silica carry-over. The 
fact that there was a very small amount 
of mechanical carry-over at the flow 
rates mentioned—5 lb per hr, or less— 
was determined using phosphorus-32 as 
a tracer. The isotope was put in the 
boiler during the silica test. Assuming 
that phosphorus has practically no 
vaporous carry-over relative to the silica, 
if there were mechanical carry-over there 
would be phosphorus-32 in the con- 
densate. The phosphorus-32 content in 
the condensate was very, very small. 

In these tests, we were a little worried 
about this ourselves. It,was possible that 
minor test changes could have produced 
changes in boiler characteristics or that 
we may have changed its performance 
characteristics by the relatively high 
salt concentration used. We found no 
apparent difference in the magnitude of 
the carry-over obtained at 2 lb per hr 
and at 5 lb per hr. This should have 
increased somewhat at the 5-lb rate if 
there were mechanical carry-over. 

It was also planned that our system 
should be, insofar as possible, a stagnant 
system as far as mechanical upheaval of 
the boiler water surface itself was con- 
cerned. 

Our retention time was quite long in 
this boiler. We again deliberately chose 
this condition, but it gave us a few diffi- 
culties later on. Our retention time was 


é 
iu 
h 

a 

t 

t 

n 

h 

it 

s 

t 

I 

t 

( 

‘ 


in the order of about 1 hr for a 2-lb per 
hr steam flow rate. It was reduced by a 
factor of 2} in the 5-lb per hr test. We 
assumed that this long retention time 
would tend to produce conditions closer 
to equilibrium. 

We have used these facts as a basis for 
the belief that we were not measuring 
mechanical carry-over—the fact that we 
had no drastic increase in our carry-over 
when the steam production rate was 
increased from 2 to 5 lb per hr, the 
stagnant conditions in the boiler, and 
the long retention time. 

We did not originally plan on using 
a concentration as high as the 5000 ppm 
we finally used in this test. We originally 
planned to use 250 ppm, because we were 
relying at that time on the magnitude 
of carry-over as published by the Rus- 
sians. We used 250 ppm in the first few 
tests we ran and found that we could not 
analyze the condensate at all for sodium 
or chloride content, so we took the 
drastic step of increasing our concentra- 
tion by a large factor. 

We are fairly sure the carry-over we 
measured was vaporous rather than 
mechanical. 

CHAIRMAN J. K. Rice.*—Are there any 
other comments covering some of the 
things Mr. Morris mentioned. There 
were two matters that he brought up: 

1. The possibility of conducting fur- 
ther investigations on deposition of salts 
from steam, taking advantage of the 
deposition noted in the superheated 
steam sampling line as a tool for study, 
and 

2. At what concentration will solids 
come out of steam; if one concentration 
causes a certain amount of deposition 
will ten times as much cause ten times 
as much deposition? 

I think part of what Mr. Morris is 
driving at can be answered if you con- 
sider that the substances are generally 
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in true solution in steam; that it will 
probably be seldom in modern high- 
pressure temperature operation that the 
substances are present as dust. Styricko- 
vich, some time ago, gave rather com- 
plete data on sodium sulfate solubility 
in superheated steams at various pres- 
sures and temperatures. This data 
showed that sodium sulfate reaches 
minimum solubility in steam at a point 
50 to 70 C above saturation. This 50 to 
70C point of minimum solubility for 
sodium sulfate has, in my own experi- 
ence, agreed very well with the observed 
sodium sulfate deposition in super- 
heaters. Such deposition occurs in the 
first passes of superheaters. and over a 
limited length of the superheater; it 
usually disappears altogether by the 
outlet end. The point of maximum dep- 
osition corresponds reasonably well 
with the point of minimum sodium 
sulfate solubility. Deposition in a super- 
heater is apparently quite selective. 
The common boiler water salts have 
individual solubilities in steam; some of 
them may have retrograde solubility, at 
least near saturation. In the turbine 
itself, if you will think of deposition as a 
dynamic crystal growth process as well 
as a solubility-saturation problem, it 
seems a certain amount of supersatura- 
tion could occur before deposition began. 
The actual point of saturation in the 
steam may be well up near the turbine 
inlet. It may take a relatively long time, 
measured in milliseconds, to actually 
begin to nucleate. All these things must 
be considered. When I introduced this 
symposium, I said that I think we know 
absolutely nothing of the dynamics of 
deposition in steam turbines. I think this 
is one of the problems that would be 
encountered in trying to study deposition 
by means of a capillary sampling tube. 
Mr. H. M. Rrvers.’—First, with 
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reference to the Cobb and Coulter paper, 
it is apparent that the authors have 
demonstrated, explained, and, to a 
realistically practical extent, solved the 
problem of solids deposition in super- 
heated steam sampling lines. Those of 
us who must on occasion determine the 
purity of high-pressure, high-tempera- 
ture steam will be quick to recognize the 
value of this new sampling technique— 
and take advantage of it. 

When we are dealing with volatilized 
contaminants in steam, any one of sev- 
eral types of sampling nozzles will proba- 
bly give reliable samples. But some 
knotty questions remain to be answered 
regarding the validity of steam samples 
when solids may be present in something 
other than vaporous form. For example, 
if superheated steam is contaminated 
with solids dissolved or suspended in 
droplets of boiler water, do these solids 
completely volatilize in the superheater? 
If not, are the solids converted to ex- 
tremely fine particles of dust, and are 
these particles distributed homogene- 
ously as is necessary for accurate sam- 
pling of the steam? And how can we 
always be sure of getting a representative 
sample of steam in the face of strong 
evidence that solids may sometimes be 
carried in highly concentrated liquid 
flowing along the surface of a superheater 
element or superheated steam line? 

These questions are pertinent to all 
three of the papers under discussion. 
Some day we shall know what kinds and 
amounts of volatilized solids contami- 
nants we should expect in steam pro- 
duced from boiler water of known com- 
position at a given temperature. Then if 
the steam is found to be contaminated 
in any way other than what we should 
expect, we shall have a realistic basis for 
appraising boiler performance. But steam 
purity tests of this nature will be mean- 
ingless if the condensed steam subjected 
to analysis is not of the same composition 
as the original steam at the point of 
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sampling. In this connection, one could 
hardly overemphasize the importance 
of preserving the integrity of steam 
samples while on their way to the analyti- 
cal apparatus. 

Twenty years ago, a German investi- 
gator, F. Spillner, studied the volatility 
of sodium chloride in high-pressure super- 
heated steam and reported as follows: 
“Before everything else, the fact that the 
concentration of the salt in the steam 
is independent of the salt concentration 
of the solution over wide limits, must be 
considered to be remarkable.” Remark- 
able indeed! Actually, we know now that 
some of the mineral components in high- 
pressure boiler water volatilize in a way 
that is very definitely related to the com- 
position of the boiler water. 

Obviously, of course, there would be 
little point to investigations like those 
under discussion if it were possible to 
maintain boiler water absolutely devoid 
of solid contaminants. Industrial plants 
and central stations being what they 
are, however, it will probably be a long 
while before we lose serious interest in 
the volatility of boiler water solids intro- 
duced as trace contaminants in the 
boiler feedwater. 

As long as we have water in steel 
boilers, we are going to have iron oxide 
in the boiler water. Can any of this iron 
oxide leave the boiler as a volatile com- 
ponent in the steam? Many of you, 
surely, have noticed how rapidly iron 
oxide may accumulate on the glass parts 
of cells used in measuring the conduc- 
tivity of condensed high-pressure steam. 
This has been observed even where 
sample lines are made of stainless steel. 
We have found significant amounts of 
iron oxide and—helieve it or not—copper 
in high-pressure turbines. Many of us 
are curious about these indications that 
iron oxide and copper are volatile, at 
least to some slight extent, in high-pres- 
sure steam. Should anybody worry about 
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this? Is it something that warrants 
serious investigation? 

Mr. R. C. (author) —I cer- 
tainly agree with Mr. Rivers that we 
are going to have to give a lot of con- 
sideration to the possibility that such 
things as copper and iron volatilized in 
steam. In fact, with our little super- 
critical pressure boiler in Chattanooga 
we are right now setting up some con- 
taminator tests, as we call it, where we 
take a pot of clay type vessel and have 
pure copper in one of them, and we have 
copper oxide of two different types in two 
of the others. We are going to put steam 
through these at a very low flow and 
determine the amount—we shall call 
vaporized copper and vaporized iron— 
and then determine the amount of these 
constituents in the steam. I am sure 
everybody knows there have been three 
or four turbines that have been pretty 
badly contaminated with copper. So it 
appears that copper is volatilized, and in 
answer to Mr. Rivers’ suggestion we are 
going to try to find out how much actu- 
ally does vaporize. 

Mr. F. E. Crarke2—It was con- 
siderate of the Chairman to place the 
Cobb and Coulter paper last in the 
program so that sampling errors dis- 
cussed therein would not embarrass the 
other speakers. It is disturbing to think 
of the useless man-hours chemists have 
spent analyzing samples and the count- 
less arguments which such data must 
have generated among plant personnel 
and statisticians. It is a sad fact that the 
importance of sampling has been mini- 
mized too frequently. All of us could 
profit by a little more scientific thinking 
where sampling is concerned. 

Mr. Rubright’s discussion of stoichiom- 
etry in steam contaminants was very 
interesting. The concept of preferential 
carry-over of ions is a bit difficult to 
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grasp. The molecular carry-over pointed 
up by this study is more easily under- 
stood and more generally acceptable. I 
was a bit puzzled that Mr. Rubright 
deleted questionable data from his first 
series, while including obviously abnor- 
mal values in the second series. Perhaps 
he was influenced by a statistician. 

The paper by Ulmer and Klein in- 
advertently explains apparent incon- 
sistencies in steam quality data. Dr. 
Robert Rosenthal recently remarked 
that looking for the concentrations of 
solutes these authors discuss is like look- 
ing for one person in the population of 
the earth (0.5 ppb). The differences be- 
tween the data of Johnson and those of 
Ulmer and Klein become rather insignifi- 
cant in the light of this example, particu- 
larly if one considers the sampling errors 
discussed by Cobb and Coulter. When 
reservations are made for these factors, 
the effects of ammonia, etc., it is evident 
that all of the authors are talking about 
essentially the same order of steam 
quality. 

Mr. Lane made a pertinent observa- 
tion that stoichiometry in steam con- 
taminants facilitates use of simpler meth- 
ods for steam analysis. His interesting 
graph for CO, and morpholine correction 
will be useful to all concerned with steam 
quality. 

There are no logical answers to the 
steam quality puzzle posed by Mr. 
Baker. Maybe his operator wasn’t really 
putting into the boiler what he thought. 

Mr. Rivers gave us something new to 
think about. This is good, since a re- 
search man must never run out of ideas. 
If copper carry-over can be confirmed, 
or refuted, there always will be new 
problems like the recently reported dep- 
osition of titanium compounds in a 
power station boiler. A man’s reach must 
exceed his grasp if we are to have future 
symposiums. 
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_ SUMMARY OF PROCEEDINGS OF’ THE. SYMPOSIUM ON MAJOR 
nt EFFECTS OF MINOR CONSTITUENTS ON THE PROPERTIES 
OF MATERIALS 


‘The effects of impurities in low concentrations is a subject of increasing 
_. importance in all engineering fields. This Symposium on Major Effects of 
Minor Constituents on the Properties of Materials was organized to treat the 
subject broadly, bringing together a physicist, a chemist, a ceramist, and a 
metallurgist, and weaving the thread of impurity effects through crystalline 
solids, liquids, and ionized gases. It was apparent in organizing this sym- 
posium that purity means something different in each branch of science. 
Bringing out this divergence of viewpoint in different materials areas was 
one of the accomplishments of the symposium. 

This Symposium was sponsored by the ASTM Division of Materials 
Sciences, and the papers were presented at the third and sixth sessions of 
the Sixty-fourth Annual Meeting of the Society, on Monday, June 26, 1961, 
at Atlantic City, N. J. Co-chairmen of the Symposium Committee and 
presiding at the two sessions were I. V. Williams, Bell Telephone Labora- 
tories, and John D. Sullivan, Battelle Memorial Inst. bY sal 

The papers included in the symposium are: Wi ol hy 


Impurity Effects in High-Purity Metals—L. L. Wyman and G. A. Moore a Ob, 

The Effect of Impurities on the Properties of Ceramic Materials—Ivan B. Cutler 

Major Effects from Minor Constituents—Role in Organic Structural] Polymers— 
John F. Lontz 

The Problem of Gas Purity in Plasma Physics and Technology—S. J. Buchsbaum and 
G. A. Sawyer 

Effects of Small Amounts of Extraneous Materials on Properties of Petroleum, Pe- 
troleum Products, and Related Liquids—Harold M. Smith 


These papers with discussion were issued as ASTM Special Technical 
Publication No. 304, entitled “Symposium on Major Effects of Minor 
Constituents on the Properties of Materials.” 
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SUMMARY OF PROCEEDINGS OF SYMPOSIUM ON RADIATION | 
EFFECTS IN REFRACTORY FUEL COMPOUNDS 


This Symposium on Radiation Effects in Refractory Fuel Compounds 
presents the latest data available on the effects of radiation on the proper- 
ties of refractory fuel compounds as well as discussion of some of the newer 
fuel compounds. 

& The Symposium, sponsored by ASTM Committee E-10 on Radioisotopes 


and Radiation Effects, included three sessions of papers and a panel dis- 
cussion. The Symposium was held during the eleventh, fourteenth, nine- 
teenth, and twenty-first sessions of the Sixty-fourth Annual Meeting of the 
Society, June 27-28, 1961. 

Mr. John E. Gates, Battelle Memorial Inst., served as Symposium Chair- 
man and presided over the twenty-first session. Messrs. Ersel A. Evans, 
Hanford Atomic Products Operation, General Electric Co., and J. B. Trice, 
Aircraft Nuclear Propulsion Division, General Electric Co., presided over 
the eleventh and fourteenth sessions, respectively, while Mr. M. J. Whit- % 
man, U. S. Atomic Energy Commission, was moderator of the Panel Dis- 
cussion held during the nineteenth session. 

The papers included in the Symposium are: 


Some Consequences of Excess Oxygen in UO.—J. A. L. Robertson 
- Voids in Irradiated UO.—J. Lambert Bates 
The Heat Rating Required to Produce Central Melting in Various UO2 Fuels—A. S. 
Bain 
Fission Fragment Tracks in Thin Films of UO.—T. S. Noggle and J. O. Stiegler 
Effects of Burnup on Certain Ceramic Fuel Materials—M. L. Bleiberg, W. Yenisca- — 
vich, and R. G. Gray 
Study of Factors Controlling the Release of Xenon-133 from Bulk UO.—D. F. Toner — 
: and J. L. Scott 
In-Pile Fission-Gas Release from UO.—J. B. Melehan and F. A. Rough 
Continuous Release of Fission Gas from UOz During Irradiation—R. M. Carroll 
Some Comments Regarding Sintering Characteristics in a Radiation Environment— 
E. A. Aitken 
Irradiation of BeO-UO: Fuel Pellets—D. E. Johnson, J. Koretsky, and A. K. Smalley A 
Mechanism of Irradiation Damage in Uranium Monocarbide—D. G. Freas, A. E. — 
Austin, and F. A. Rough 
Water-Vapor Corrosion of Beryllia—C. C. Browne 
The Irradiation and Examination of a Plutonium-Uranium Oxide Fast Reactor Fuel—_ 
J. M. Gerhart, J. N. Siltanen, and J. S. Cochran 
Panel Discussion 


Johnson, J. Koretsky, and A. K. Smalley, were issued as ASTM Special 
Technical Publication No. 306, entitled “Symposium on Radiation Effects" 
_in Refractory Fuel Compounds.” — 


These papers with discussion, with the exception of the paper by D. E. 5 


SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON EROSION 
AND CAVITATION 


The subject of erosion and cavitation is very important in hydraulic 
____ turbines, diesel engines, and many other applications. Recognizing the need 

3 for further study of the phenomena in these fields, the Administrative 

_ Committee on Simulated Service Testing decided to organize a symposium 

_ to determine the present knowledge of these phenomena. 

The Symposium on Erosion and Cavitation, sponsored by the Adminis- 
trative Committee on Simulated Service Testing, was held on Thursday, 
June 29, 1961, during the thirty-third session of the Sixty-fourth Annual 
Meeting of the Society at Atlantic City, N. J. 

Mr. R. E. Peterson, of Westinghouse Research Laboratories, Pittsburgh, 
Pa., acted as Symposium Chairman and presided over the session, 

The papers included in the Symposium are: Leal? 


af 


Introduction—R. E. Peterson NH 

Impact of Liquid Drops—-Olive G. Engel 

Cavitation in Hydraulic Turbines—William J. Rheingans 
Erosion by Liquid Impact—S. M. DeCorso and R. E. Kothmann 
Accelerated Cavitation Erosion and Sand Erosion—W. C. Leith and W. S. McIlquham 
Erosion by Solid Particles in a Fluid Stream—lIain Finnie 

Deformation of Solids by Impact of Liquids at High Speeds—J. H. “Brunton 


These papers with discussion were issued as ASTM Special Technical 
Publication No. 307, entitled “Symposium on Erosion and Cavitation.” 
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SUMMARY OF PROCEEDINGS OF SYMPOSIUM ON CURRENT 
_ RESEARCH ON MOTOR GASOLINE WHICH MAY AFFECT 
FUTURE SPECIFICATIONS 


The Symposium on Current Research on Motor Gasoline Which May 
Affect Future Specifications, sponsored by Technical Committee A on 
Gasoline of ASTM Committee D-2 on Petroleum Products and Lubricants, 
was held during three sessions on February 7, 1961, in Philadelphia, Pa., 


in connection with the meeting of Committee D-2. 

Mr. J. B. Rather, Socony Mobil Oil Co., Inc., served as Chairman of 
the Symposium Committee. Mr. H. M. Smith, U. S. Bureau of Mines, 
Bartlesville, Okla., chairman of Committee D-2 and Technical Committee 
A, presided over the morning session. Mr. D. P. Barnard, formerly of 
Standard Oil Co. of Indiana, presided over the afternoon session, while 
Mr. Rather presided over the evening session. 

The papers included in the Symposium are: 


y 


Introduction—Harold M. Smith 

Relation Between Laboratory Knock Ratings and Customer Satisfaction on the Road— 
J. E. Getz and T. O. Wagner 

Other Abnormal Combustion Phenomena—Are Gasoline Specifications Necessary?— 
D. L. Pastell and K. Hyatt 

- CRC (Coordinating Research Council) Work on Antiknock—H. J. Gibson and H. I. 
Wilson 

Motor Gasoline Octane Test Method Developments—F, C. Burk 

The Role of Motor Gasoline Additives—John M. Dempster 

Gasoline Stability: Possible Effects of Current Research on Future Methods and 

Specifications—R. O. Bender 

The Effect of Composition and Engine Requirements on Future Motor Gasoline Speci- 

fications—W. J. Faust 

Significance in Evaluation of Motor Fuel Volatility—T. W. Legatski and O. C. Bridge- 
man 

Present and Future Requirements of Motor Gasoline to Meet Needs for Satisfactory 
Engine Performance—T. H. Risk and A. E. Cleveland 

Summary—Dan P. Barnard 


These papers with discussion were issued as ASTM Special Technical 
Publication No. 298, entitled “Symposium on Current Research Which May 
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_ SUMMARY OF PROCEEDINGS OF SYMPOSIUM ON a 
NON-NEWTONIAN VISCOMETRY 


A Symposium on Non-Newtonian Viscometry, arranged by ASTM Com- 
mittee D-2 on Petroleum Products and Lubricants, was held in Washington, 
D. C., on October 11, 1960. The papers presented were selected with the 
view that in collected form they might yield a fairly comprehensive view of 
the methods used in investigating the viscometric properties of non-New- 
tonian, polymer-modified liquids—a class of liquids which includes many 


lubricants. 


Mr. Theodore W. Selby, General Motors Research Laboratories, served 
as Symposium Chairman and presided over the sessions. Mr. J. B. Rather, 
Jr., served as Secretary and Vice-Chairman. 

The papers included in the symposium are: 


Introduction—Theodore W. Selby o babe vert 

Non-Newtonian Behavior in Lubrication—W. Philippoff 

Correlation Between Rheological Parameters Measured in Instruments of Different 
Geometries—J. G. Brodnyan, F. H. Gaskins, and W. Philippoff 

Development and Application of the PRL Single-Pass Capillary Viscometer—E. 
Erwin Klaus, Francis M. Angeloni, and Merrell R. Fenske 

Experiences with a High Shear Rate Rotational Viscometer—F. J. Bonner and J. F. 
Gyer 

Rotating Cylinder Viscometers for Gelled Materials—R. J. Russell 

Viscometry of Polymer Solutions in a Coaxial-Cylinder Viscometer Under High Rates 
of Shear—E. W. Merrill 

Application of the Cone-Plate Viscometer to Non-Newtonian Systems—E. O. Forster 
and H. H. Horowitz a 

The Forced-Ball Viscometer and Its Application to the Rheological Characterization 
of Mineral Oil Systems—T. W. Selby and N. A. Hunstad 

Non-Newtonian Intrinsic Viscosity of Linear Macromolecules—Anton Peterlin 

An Investigation of Low-Temperature Viscosity Characteristics of Motor Oils—G. A. 
Kohl and R. D. Skoglund 

ASTM Investigation of Low-Temperature Viscometry of Engine Oils—T. W. Selby 

Appendix: Methods of Obtaining the Low-Temperature Viscosity of Engine Oils at 
Higher Shear Rates and Stresses 


These papers with discussion were issued as ASTM Special Technical 
Publication No. 299, entitled “Symposium on Non-Newtonian Viscometry.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
MATERIALS AND ELECTRON DEVICE PROCESSING 


The Symposium on Materials and Electron Device Processing, sponsored 
by Subcommittee X on Control of Contaminants of ASTM Committee F-1 
on Materials for Electron Tubes and Semiconductor Devices, was presented = 
on April 5, 6, and 7, 1961, during a National Technical Meeting at Phila- 
delphia, Pa. 

Members of the Symposium Committee presided at the six sessions as 
follows: Session 1, Air-Borne Contaminants, N. L. Hobbs, Wyeth Labora- 
tories; Session 2, Analytical Methods and Instrumentation, F. Van Luik, 
General Electric Co.; Session 3, Processing Apparatus and Techniques, 

H. A. Stern, Radio Corp. of America; Session 4, Materials and Processing 
Techniques, J. Lineweaver, Corning Glass Co.; Session 5, Gaseous Con- 
taminants, V. C. Smith, Barnstead Still and Sterilizer Co.; and Session 6, 
Influence of Cleaning on Device Performance, D. E. Koontz, Bell Tele- 
phone Laboratories. 

Mr. Koontz served as Symposium Chairman. 

_ The papers included in the symposium are: 


we 


_ The Role of Impurities in Impurity-Dominated Electronic Materials and Devices— 
F. J. Biondi 


Air-Borne Contaminants 


"Particulate Concentrations in Ultraclean Rooms—F. W. Van Luik, Jr. 
_A Comparison of Electrostatic and High-Efficiency Impingement Air Filters for Use in 
Device Development Laboratories—George Helmke 
é Dust Monitoring by the Dry Slide Settling Technique—W. J. Whitfield, R. C. Marsh, 
and I. M. Kodel 
he Approach to Control of Transistor Processing Environments—C. A. Smith and 
T. Manns 
- Size Distribution and Identification of Air-Borne Particulates—Fred Allison 


Analytical Methods and Instrumentation 
- Electron Beam Microanalyzer: A New Tool for Electron Device Development—J. S. 


Hayes 
Detection of Inorganic Contamination on Surfaces by an Emf Measurement—D. G. 
Schimme] 


_ Electrode Potential: A Tool for the Control of Materials and Processes in Electron 
Device Fabrication. I: Emf-Time Studies of Clean and Contaminated Platinum 
Electrodes—D. O. Feder and E. S. Jacobs 

Electrode Potential: A Tool for the Control of Materials and Processes in Electron 
Device Fabrication. II: Emf Studies of the Behavior of 36 Per Cent Nickel-Iron 
Alloy in Hydrogen Peroxide—Formic Acid Etchants—D. O. Feder, W. E. How- 

den, D. R. Huff, and J. W. Richards 

l _ Use of Radioisotope Tracer Techniques in Contamination Studies—T. J. Bulat 


Gas-Phase Proportional Counting: A Radiotracer Technique for Examination of 
Electronic Components and Materials—Herman A. Stern 
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MATERIALS AND ELECTRON DEVICE PROCESSING 


Processing Apparatus and Techniques 


Fluorine Release from Glasses—Josef Francel BS 

Elimination of Contaminants from Electron Tube Components: Automation of Chem- 
ical Processing—C. O. Thomas, W. H. Craft, and D. E. Koontz 

Transducer Parameters Affecting Sonic Cleaning—L. J. Lyons 

Removal of Water-Soluble Flux from Assembled Printed Circuit Boards—Jack E. 
Smallwood 

Arc Sealing of Borosilicate Glasses—Morris Liebson 

Recommended Practices for Safe Handling of Beryllium Oxide Ceramics—Laurence E. 
Ferreira 

Beryllium Oxide Dielectric Heat Sinks for Electronic Devices—P. Hessinger, A. Strott, 
and B. Haura 

Sulfamic Acid Cleaning of Electron Tube Parts—Robert W. Etter 

A 24-Position Semiautomatic Vacuum Tube Exhaust Machine—L. Quaglia, J. Byrne, 
and G. Reyling 

Purification, Distribution, and Monitoring of High-Purity Gases for Electron Device 
Processing—Mal D. Rogers 


Gaseous Contaminants 


Comparison of Standard Leak Rates Measured by Viscous and Molecular Flow Tech- 
niques—D. W. Maurer 

Gas Composition During Pumping and in Sealed-Off Power Tubes—P. F. Varadi, 
H. A. Langer, and M. N. Saltzman 

Determination of Trace Amounts of Oxygen in Protective Gaseous Ambients—D. O. 
Feder and W. H. Craft 

Mass Spectrometric Studies of Power Klystron Exhaust Processing—Lowell Noble 
and Robert K. Waits 

Quality Control of Getters—P. della Porta and E. -Airoldi 

Residual Gas Content as a Function of Tube Processing—H. B. Frost 


Influence of Cleaning on Device Performance 


Changes in Stability of Germanium Alloy Transistors Through Etching, Washing, 
and Encapsulation Processing—Arnold J. Borofsky 

Effects of Various Cleaning Methods on Electronic Components in the Micromodule— 
J. L. Vossen 

Noise-Tested Cathode Activation—F. Dlouhy and H. J. Schuetze . 


These papers were issued as ASTM Special Technical Publication No. 300, 
entitled “Materials and Electron Device Processing.” Papers presented at 
the symposium but not included in the published volume were: “Use of 
Ultrasonics in the Cleaning of Printed Circuit Boards” by G. B. Hollerith; 
‘Purification, Distribution, Control, and Monitoring of High-Purity Gases 
for Electron Device Processing” by D. T. Manus; “Outgassing Caused by 
Electron Bombardment of Glass” by J. Lineweaver; “Process Variables 
and Their Influence on the Gas Content of Anode Materials” by B. J. 
Bliss; and “Problems Related to Parts Cleaning and Firing” by R. P. 
Misra and R. R. Mix. The papers by Messrs. Allison, Rogers, and Noble 
and Waits listed above were not presented during the symposium but have 
been included in the published volume. 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON TESTING 
BUILDING CONSTRUCTION 


Curtain wall construction has introduced new factors in the design and 
analysis of building construction. This has influenced the attention given 
to the need for proper testing of this type of construction. The Symposium 
includes two papers on the subject. 

The papers and discussions included in this Symposium were presented 
at a technical session held during a two-day meeting of Committee E-6 
on Methods of Testing Building Constructions, November 14-15, 1960, 
held in conjunction with the 1960 Fall Conference of the Building Research 
Inst. held at the Shoreham Hotel, Washington, D. C. 

Mr. R. F. Legget, National Research Council of Canada, acted as Chair- 
man of the symposium session. 

The papers included in the symposium are: 


Introduction—R. F. Legget 

Performance Testing of Metal Curtain Walls—Wayne F. Koppes 

Structural Testing of Clay Masonry Curtain Walls—C. B. Monk 

Measurement of the Effect of Moisture on Heat Transfer Through Insulated Flat- 
Roof Constructions—F. J. Powell and H. E. Robinson 

Loading Tests on Full-Scale House Roofs—H. J. Thorburn and W. R. Schriever 


The papers were issued as ASTM Special Technical Publication No. 312, 
entitled “Symposium on Testing Building Construction.” 
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HANDBOOK OF VAPOR DEGREASING 


The Handbook for Vapor Degreasing is presented as a guide to consumers 
who desire comprehensive information on the vapor degreasing process. 
This handbook should be helpful to those contemplating the purchase of 
cleaning equipment to determine the applicability of the vapor degreasing 
process to their problem. It will also guide those currently using vapor 
degreasers in the use of their equipment more effectively. 

Committee D-26 on Halogenated Organic Solvents, W. D. McMaster, 
chairman, prepared the handbook under the direct responsibility of Sub- 
committee II on Vapor Degreasing, V. B. Smesrude, chairman. 

The Table of Contents shows the following sections: » had 

a 


Definition and Process Description 


Applications 
Selection of a Vapor Degreasing Solvent -_ 
Equipment 

Operation 


General Hazards of Perchlorethylene and Trichlorethylene 


This publication was issued as ASTM Special Technical Publication No. 
310 entitled “Handbook of Vapor Degreasing.” aa 
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TECHNICAL PAPERS PUBLISHED IN MATERIALS bb 


RESEARCH & STANDARDS—1961 
Vol. 1, No. 1, January, 1961 - een 


Workability of Masonry Mortars—Leo Kampf, p. 7 

* Evaluation of Resistance Strain Gages at Elevated Temperatures—R. L. Bloss, 
p. 9; Discussion—A. M. Schwartz, Peter Stein, W. G. Bader, and G. F. Weiss- 
mann 

Fracture Characteristics of Notched Tensile Specimens of Titanium and a Ti- 
tanium Alloy—G. W. Geil and N. L. Carwile, p. 16 

A Stainless Steel for Standard Weights—S. J. Rosenberg and T. P. Royston, p. 21 

Determination of the Mechanical Properties of Elemental Sulfur—J. M. Dale, 
p. 23 

Determination of Gypsum and Its Dehydration Products in Their Mixtures— H. 
G. McAdie and R. A. Kuntze, p. 27 

Detection of Glycols in Crankcase Oils—Technical Note by C. B. Jordan, p. 30 

t+ Use of the Stormer Viscometer for Testing Rotogravure and Flexographic Inks— 
R. Cummings, p. 30 


Vol. 1, No. 2, February, 1961 


Cryostat and Accessories for Tension Testing at —423 F—J. F. Watson and J. L. 
Christian, p. 87 

Subsize Charpy Correlation with Standard Charpy—Charles H. Curll, p. 91 

Tensile Cryostat for the Temperature Range 4 to 300 K—R. M. McClintock and 
K. A. Warren, p. 95 

Evaluation of Micrometer and Microscopical Methods for Measuring Thickness 
of Floor Coverings—E. Horowitz, J. Mandel, R. J. Capott, and T. H. Boone, 
p. 99 

Discussion of a Paper on Measurements of Human Reaction to Hardness of Floor 
Covering—E. H. Waters, p. 102 

Stress-Rupture Tests at 1350 F on Type 304 Stainless Steel—W. D. Jenkins, W. 
A. Willard, and W. J. Youden, p. 104 

A Simple Stress-Corrosion-Cracking Test for Copper Alloys—D. H. Thompson, 
p. 108 

Discussion of a Paper on a Test Method for Air-Entrainment of Standard Ottawa 
Sand—R. L. Curry, p. 111 

A New Method for the Determination of Undissolved Water in Fuels—L. Gard- 
ner and G. Topol, p. 112 

Water-Vapor Transmission Testing—F. A. Joy, A. W. Sherdon, and F. M. Gavan, 
for ASTM Committee C-16 on Thermal Insulating Materials, p. 117 


Vol. 1, No. 3, March, 1961 


*Symposium on Scientific Methods of Wool Testing—A Model for the Textile In- 
dustry 


* Presented at the Sixty-third Annual Meeting of the Society, June 26-July 1, 1960. 
t Presented at the Third Pacific Area National Meeting, October 11-16, 1959. 
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1434 TECHNICAL Papers PuBLISHED IN MR&S~ 


Introduction— Jackson Bauer, p. 167 

The Assessment of Wool Quality—E. M. Pohle, p. 168 & 
Probability Sampling Methods for Wool—Louis Tanner, p. 172 
Recent Developments in Test Methods for Wool—Werner von Bergen, p. 175 


Intercrystalline Cracking and Creep Rupture Life—Technical Note by H. H. 
Bleakney, p. 181 

Influence of Particle-Size Distribution on Strength and Workability of Vibrated 
Mortar—Francisco Giuliani and Raul Suarez Robledo, p. 183 

Electromagnetic Determination of Nickel Thickness for Re-entry Vehicle Heat 
Sinks—S. A. LoPilato and C. H. Hastings, p. 188 

Apparatus for Hardness Testing at Low Temperatures—L. L. France, R. T. Begley, 
and H. Kohute, p. 192 

A Cryostat for Mechanical Testing of Materials—Technical Note by G. C. Ives 
and J. A. Mead, p. 194 

Organic Adhesives for Setting Ceramic Tile—J. V. Fitzgerald, H. B. Wagner, and 


F. E. Bernett, p. 196 ea 
Vol. 1, No. 4, April, 1961 


* Symposium on Quality of Observations 
On the Meaning of Precision and Accuracy—R. B. Murphy, p. 264 


How to Evaluate Accuracy—W. J. Youden, p. 268 
How to Evaluate Precision—W. S. Connor, p. 272 a* 
On the Analysis of Planned Experiments—Milton E. Terry, p. 273 ey i 

General Discussion—George Shombert, Jr., and Carlos Hilado, p.275 


Discussion of a Paper on Fracture Testing of High-Strength Sheet Materials—F. A. 
McClintock, p. 277 

Effects of Nuclear Radiation on Rubber—J. W. Born, p. 280 

Discussion of a Paper on Low-Temperature Tensile-Hardness Correlations for 
SAE 4340 Steel—J. W. Sands and J. W. Nunes, p. 286 

The New ASTM System of Alloy Phase Nomenclature—W. L. Fink and L. L. 
Wyman, p. 289 


Vol. 1, No. 5, May, 1961 7 


A Small-Panel Method for Investigating Moisture Penetration and Bond Strength 
of Brick Masonry—T. Ritchie, p. 360; Discussion—C. C. Connor, p. 364 
The Development of More Stable Gage Blocks—M. R. Meyerson, T. R. Young, 
and W. R. Ney, p. 368 

Compression Testing of Gypsum Plaster—E. H. Waters and R. Birtwistle, p. 374 

The Identification and Quantitative Determination of Natural and Manufactured 
Fibers—S. S. Praeger, p. 381 

Loss of Moisture from Fresh Mortars to Bricks—J. I. Davison, p. 385 

The Slow Growth and Rapid Propagation of Cracks (Second Report of a Special 
ASTM Committee) p. 389 


Vol. 1, No. 6, June, 1961 


Hardness-Tensile Strength Conversion for Rockwell Hardness, C Scale—David 
E. Driscoll, James L. Beaton, H. L. Fry, and Vincent E. Lysaght, p. 448 

t Modern Concepts in Control of Concrete—Joseph J. Waddell, p. 452 

A Study of the Centrifuge Test for Determining the Cement Content of Fresh | 


t Presented at the Sixty-fourth Annual Meeting of the Society, June 25-30, 1961. 7 
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-_ Concrete—Stanton Walker, D. L. Bloem, R. D. Gaynor, and J. R. Wilson, 
p. 454 

Expression of Stress-Rupture Data with Functions Derived by the Least-Squares 
Method—M. J. Stutzman and J. W. Faber, p. 460 

Creep Testing by Centrifugal-Force Loading—R. E. Hook, A. M. Adair, and J. W. 
Spretnak, p. 464 

Use of the Bulge Test for Determining Mechanical Properties of Stainless Steel 
Foil—D. B. Ballard, p. 471 


Vol. 1, No. 7, July, 1961 


Laboratory Preparation of High-Purity Tricalcium Silicate—M. Polivka, A. Klein, 
and C. H. Best, p. 524 

A Survey of Infrared Inspection and Measuring Techniques—David K. Wilburn, 
p. 528 

Apparatus for Controlled Slack Quenching—N. L. Carwile, M. R. Meyerson, and 
S. J. Rosenberg, p. 532 

In-Motion Radiography of Sergeant Missile Motor Casing—Ernest H. Rodgers, 
p. 537 

Pressure-Differential Testing of Tubing—G. H. Symons, p. 539 

The Effect of Temperature on the Air Aging of Rubber Vulcanizates—A. E. Juve 
and M. G. Schoch, Jr., p. 542 

Testing Carboloy—Some Early Experiences—S. L. Hoyt, p. 546; Discussion—L. L. 
Wyman, p. 548 

Measuring Specific Gravity of Viscous Materials—H. E. Ashton, p. 549 

An Erosion Test for Soils—Technical Note by Anton L. Inderbitzen, p. 553 


Vol. 1, No. 8, August, 1961 7 


+ Exposure Testing of Protective Paints for Metals—C. A. Lominska, p. 620 

Determination of Chlorides in Gypsum and Gypsum Products—H. Surkevicius, 
p. 624 

Bulb-Filling and Handling Aids for Ramsbottom Carbon Residue Test (ASTM 
Method D 524)—Technical Note by J. Harry Taylor, p. 626 

The Determination of Organic Carbon on the Surface of Steel Sheets—W. E. 
Boggs and G. E. Pellissier, p. 627; Discussion—Arba Thomas, p. 630 

t Effect of Specimen Geometry on Determination of Elongation in Sheet Tension 
Specimens—E. B. Kula and N. H. Fahey, p. 631 

Size of Irregular Particles—Technical Note by R. R. Irani and D. P. Ames, p. 637 


Vol. 1, No. 9, September, 1961 


Volume Changes in Concrete—Myron A. Swayze, p. 700; Discussion—Bailey 
Tremper and J. A. Kauer, p. 704 

tA Fatigue Test for Printed Wiring Boards and Through Connections—G. R. 
Gohn and A. Fox, p. 711 

Discussion of a Paper on Determination of the Mechanical Properties of Elemental 
Sulfur—Hubert Woods and Peter R. Kosting, p. 716 

A Technique for Observing Structure-Soil Interaction—E. T. Selig, p. 717 

Characteristics of Moisture Deposition on Corrosion Specimens—P. J. Sereda, p. 
719 

Compatibility Between Bitumens—Exudation Versus Insudation—G. L. Olien- 
sis, p. 723 

A Quick Thermal Conductivity Test on Insulating Materials—R. H. Norris and 
(Mrs.) Nancy D. Fitzroy, p. 727 
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Discussion of an Article on a Plan for the Self-Qualification of Laboratories—H. F. 
Monaghan, p. 729 


Vol. 1, No. 10, October, 1961 


t The Indirect Tension Test for Concrete—Neal B. Mitchell, Jr., p. 780 _ 

Effects of Elevated Temperatures on Mechanical Properties of Type H-7213 Mi- 
carta (Astrokon)—S. Y. Lu and William A. Nash, p. 788 

Quick and False Set in Portland Cements—W. C. Hansen, p. 791 

Discussion of a Paper on Workability of Masonry Mortars—J. G. Dempsey, L. E. 
Halsted, and Francis J. Mardulier, p. 798 

Discussion of a Paper on a Test Method for Air Entrainment of Standard Ottawa 
Sand—J. S. Griffith, p. 801 

Wanted: A Standard Reference Sheet for Water Vapor Permeance—Technical 
Note by F. A. Joy and F. M. Gavan, p. 893 

Accuracy Problems at Rapid Rates of Mechanical Testing—R. W. Fenn, Jr., and 
A. A. Moore, p. 804 


Vol. 1, No. 11, November, 1961 


Experimental Design and ASTM Committees—W. J. Youden, p. 862 

Tensile Impact Test for Plastics—R. F. Westover and W. C. Warner, p. 867 — 

t Effects of Variables in Charpy Impact Testing—N. H. Fahey, p. 872 

Fracture Testing of High-Strength Sheet Materials—Third Report of a Special 
ASTM Committee, p. 877 


Vol. 1, No. 12, December, 1961 


* Sinusoidal-Strain Dynamic Testing of Rubber Products—A. R. Payne, p. 942 

t Detecting Outliers in Soil-Additive Strength Tests—H. T. David, D. T. David- 
son, and C. A. O’Flaherty, p. 947 

Improvement in Fatigue Resistance of Aluminum Alloys by Surface Cold-Work- 
ing—G. A. Butz and J. O. Lyst, p. 951 

t New Methods for Determining Stress-Relaxation—G. R. Gohn and A. Fox, p. 957; 
Discussion—A. C. Webber, W. E. Wolstenholme, and A. G. H. Dietz 

Convenient Way to Find Natural Logarithms Is Especially, Useful for True-Strain 
Values—Technical Note by Ralph G. Crum, p. 967 

Fracture Toughness Measurements with the Shear-Cracked Specimen—J. D. Mor- 
rison and J. R. Kattus, p. 968 

Discussion on a Paper on a Fatigue Test for Printed Wiring Boards and Through 

Connections—C. R. Smith and R. F. Brodric 


Vol. 2, No. 1, January, 1962 


t Apparatus for Obtaining Mechanical Properties at High Temperatures—D. H. 
Fisher, R. L. Carlson, and F. C. Holden, p. 26 
t Improved Adiabatic Calorimeter for Concrete—David Pirtz, p. 22 


Vol. 2, No. 2, February, 1962 


t A Specimen for Use in Inv wg the Stress-Corrosion Cracking of Metals at 
Elevated Temperatures—H. L. Logan 
Glue! for Concrete Repair?-—C. M. Wakeman 
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1961 TECHNICAL PAPERS AND COMMITTEE REPORTS 


_ The 1961 Proceedings Index is a combined author-subject index with authors’ 


names appearing in boldface type. 


STP = Special Technical Publication. 


Comp. = 
(R) = More than 10 references. 


KEY TO ABBREVIATIONS USED IN INDEX Sf 


MR&S = Materials Research & Standards. 
Compilation of ASTM Standards. _ 


Names in parentheses = Authors of papers. q 

* = Published as a separate publication. ar ‘g 

A Administrative Committee on Research 


Ablation, reinforced plastics pierce heat barrier 
(Perry), MR&S, Feb., 122. 

Absostam, textiles. Report of Committee D-13, 
534. 

Abstracts. See Bibliographies and abstracts. 

Accuracy 

= evaluate (Youden), MR&S, April, 


meaning (Murphy), MR&S, April, 264. 
problems at rapid rates of mechanical testing 
(Fenn, Jr., and Moore), MR&S, Oct., 804. 

Achter, M. R.: 
discussion, 756. 
see a, G. J., Smith, H. H., and Achter, 

M. 
see in T. C., Shahinian, 
Achter, M. R 

jimaterials. Report of Committee 
C-20, 

saan on standards, MR&S, Feb., 127; 
April, 310; May, 401; Aug., 661, 667; Oct., 
814; Dec., 994. 

Adair, A. M., See Hook, R. E., et al. 

Adam, L. H., and Dougherty, M.: At- 
mospheric exposure of wrought aluminum 
and magnesium alloys (Appendix IIT), Report 
of Committee B-7, 302. 

Adam, Verdi: Effects of viscosity in bitumi- 
nous construction. Summary of STP 309, 
1306. 

Additives, gasoline, motor (Demster). Sum- 
mary of STP 298, 1427. 

Adhesives 


P., and 


organic, for setting ceramic tile (Fitzgerald, 
MR&S, March, 


Wagner, and Bernett), 
196. 


report of Committee D-14, 545. 
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highlights of research committee meeting, 
MR&S, Sept., 734. 

mission of ACR (ACR notes) (Dolch), 
MR&S, Jan., 49. 

Advanced Research Projects Agency (ARPA), 
MR&S, Aug., new contracts for materials 
research, 666 

Aggregates 
coarse, Los Angeles abrasion test (Goode and 

Owings). Summary of STP 309, 1306. 
concrete. Report of Committee C-9, 413. 
degradation during and following construc- 

tion (Goode and Owings). Summary of 

STP 309, 1306. 

Aging 
effect of temperature on air 

vulcanizates (Juve and 

MR&S, Aug., 542 
test. Report of Committee D-11, 523. 

Air-borne contaminants 
air filters, electrostatic and high-efficiency 

impingement (Helmke). Summary of STP 

dust monitoring (Whitfield, Marsh, and 

Kodel). Summary of STP 300, 1429. 
particle size distribution and identification 

(Allison). Summary of STP 300, 1429. 
particulate concentrations (van Luik). Sum- 

mary of STP 300, 1429. 
transistor process environments (Smith and 
Manns). Summary of STP 300, 1429 

Air-flow. See Permeability and Asphalt. 

Air environment, creep-rupture behavior of 
Hastelloy-X (Donachie, Jr., and Shepheard), 
981. 

Air entrainment, standard Ottawa sand (dis- 
cussion), MR&S, Feb., 111; Oct., 801. 


| 
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Air permeability. See Pei meability. 

Airoldi, E., see della Porta, P., and Airoldi, E. 

Aitken, E. A.: Some comments regarding sin- 
tering characteristics in a radiation environ- 
ment. Summary of STP 306, 1425. 

Alai, John A.: Testing procedures for model 
footings and presentation of TRADEX site 
data. Summary of STP 305, 1305. 

Albee, D., see Smith, G. M., and Albee, D. 

Allison, Fred: Size distribution and identifica- 
tion of air-borne particulates. Summary of 
STP 300, 1429. 

Alloys 
high-strength sheet, temperature effects on 

notch strength (Weiss and Sessler). Sum- 
mary of STP 302, 1026. 
impurities detection with electron probe 
(Birks and Seebold). Summary of STP 
308, 1028 
_ nickel-chromium, Inconel, compression and 
buckling (Dubuc and Welter). Summary 
of STP 303, 1027. 
nickel-iron in etchants, emf studies (Feder, 
Howden, Huff, and Richards). Summary 
of STP 300, 1429. 
physical properties from cryogenic to ele- 
vated temperatures (Eldridge and Deem). 
See ST P 296. 
sheet for cryogenic tanks (Espey, Jones, and 
Brown, Jr.). Summary of STP 302, 1026. 
see also under name of specific metal. 

Aluminum 
alloy, dynamic modulus measurements (Hill, 

Shimmin, and Wilcox), 890. Disc., 906 

“alley, fatigue propagation (Holshouser and 

Utech), 740 (R). Disc., 755. 

alloy, measurement of strain components 
(Theocaris), 838 (R). 

a. Report of Committee B- 3, Appendix I, 
205. 


ae rought, atmospheric exposure (Adam and 

Dougherty) (Appendix III, report of Com- 
mittee B-7), 302. 

effect of section size on notch properties 
(Klier and Weiss), 1307 (R). 

fatigue resistance of aluminum alloys by 
mechanical surfce Pens (Butz and 
Lyst), MR&S, Dec., 9 

from clay (random lane. MR&S, June, 
490. 


report of Committee B-7, 282. 

Ames, D. P., see Irani, R. R.. 

Ames, S. L.: Some effects of section size and 
testing condition on the tensile properties 
of Zircaloy 2 at 600 F, 820. Disc., 829. 


Analysis 
chlorides in gypsum (Surkevicius), MR&S, 
Aug., 624 
glycol in crankcase oils (Jordan), MR&S 
Jan., 30. 


gypsum and dehydration products in mix- 
tures (McAdie and Kuntze), MR&S, Jan., 
27. 

identification and quantitative determination 

of natural and manufactured fibers (Prae- 

ger) MR&S, May, 381. 


INDEX 


organic carbon on surface of steel sheets 
(Boggs and Pellissier), MR&S, Aug., 627. 
ae experiments (Terry), MR&S, April. 


undissolved water in fuels (Gardner and 

Topol), MR&S, Feb., 112. 
Analytical methods 

detection of inorganic contamination (Schim- 
mel). Summary of STP 300, 1429. 

electrode potential, emf-time studies (Feder 
and Jacob). Summary of STP 300, 1429. 

electrode potential, emf studies of nickel-iron 
alloy in etchants (Feder, Howden, Huff, 
= Richards). Summary of STP 300, 
1429. 


electron beam microanalyzer (Hayes). Sum- 
mary of STP 300, 1429. 

gas-phase proportional counting (Stern). 
Summary of STP 300, 1429. 

radioisotope tracer technique (Bulat). Sum- 
mary of STP 300, 1429. 

Angeloni, Francis M., see Klaus, E. Erwin, 
Angeloni, Francis M., and Fenske, Merrill 
R 


Antifreezes, engine. Report of Committee D-15, 
549. 


Antiknock 
coordinating Research Council’s work (Gib- 
son and Wilson). Summary of STP 298, 

1427. 


see Knock. 
Appearance. Report of Committee E-12, 649. 
Arc sealing, borosilicate glasses (Liebson). 
Summary of STP 300, 1429. 
Artificial soils (Selig and Rowe), 1288. 
Asbestos- oo products. Report on Commit- 
tee C-17, 44 
Ashton, H. E.: Measuring specific gravity of 
viscous materials, MR&S, July, 549. 
ASME Boiler and Pressure Code, creep and 
rupture correlated with tensile data (Moon 
and Simmons), 938. 
Asphalt 
air permeabilities of concrete (Hein and 
Schmidt). Summary of STP 309, 1306. 

concrete wearing course mixtures (Goode and 
Owings). Summary of ST P 309, 1306. 

content variation (Keyser and Gaudette). 
Summary of STP 309, 1306. 

filler systems, rheology (Winniford). Sum- 
mary of STP 309, 1306. 

hot-mix concrete, viscosity of asphalt ce- 
ments (Adam). Summary of STP 309, 
1306. 


temperature susceptibility of bitumens, 
MR&S, Dec., 981. 

viscosities, changes during tests (Halstead 
and Zenewitz). Summary of ST P 309, 1306. 

viscosity measurement (Heithaus). Summary 
of STP 309, 1306. 

volume measurement by Calresearch pave- 
ment density method (Santucci and 
Schmidt). Summary of STP 309, 1306. 

see Paperson road and paving materials and 
symposium on microv iscometry. Summary 
of STP 309,1306. 
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INDEX 


Astatine, new facts from obscure element (ma- 
terials sciences), MR&S, Oct., 819. 
ASTM 
Annual Meeting, Sixty-fourth, summary, 1. 
ASTM abroad, MR&S, Nov., 886. 
ASTM for the future (President’s address) 
(Bates); MR&S, July, 555. 
awards and medals, MR&S, March, 224; 
July, 570. 
awards of merit, MR&S, July, 567; oi fellow- 
ship, doctoral, MR&S, March, 214; Aug., 
665. 
DeWitt Smith medal, MR&S, March, 224. 
Board of Directors, Jan. meeting, MR&S, 
March, 203; May meeting, MR&S, June 
482; Sept. meeting, MR&S, Nov., 893. 
Board of Directors Annual Report, 52. tech- 
nical activities, 53; national and other 
meetings, 56; district and related activi- 
ties, 58; membership, 60; honors and 
awards, 63; fellowships and grants-in-aid, 
64; finances, 64; division of materials 
sciences, 67; cooperative activities, 68; 
long-range planning activities, 70; audi- 
tors’ report for the fiscal year (Appendix 
I), 73; report on standards (Appendix I), 
87; report on research (Appendix III), 94; 
report on papers and publications (Ap- 
pendix IV), 95; report on district activi- 
ties (Appendix V), 99; report on simulated 
service testing (Appendix VI), 101; report 
naa in materials (Appendix VII), 
10. 


Committee Week, summary, 45; MR&S, 
March, 207. 

finances, deficit for 1960 smaller than bud- 
geted, MR&S, March, 215. 

1960 record of achievement, MR&S, Jan., 34. 

publications, preview, MR&S, Oct., 810. 

Annual Meeting, MR&S, Feb., 125; March, 
203; April, 293; May, 395; Aug., 645. 

electroforming to be highlight of Committee 
Week, MR&S, Dec., 989. 

post-Annual Meeting conference in Bermuda, 
MR&S, March, 204. 

Spring meeting, summary, 45. 

Symposium on cleaning and materials proc- 
essing for electronics and space apparatus, 
MR&S, Sept., 734. 

symposium on materials and electron device 
processing, MR&S, March, 206; May, 394. 

tour to Mexico City following Committee 
Week, MR&S, Nov., 890. 

ASTM standards for the establishment of fire 
endurance testing (Shoub). Summary of STP 
301, 45. 

ASTM technical committees; adhesives, MR&S, 
May, 398; appearance, MR&S, March, 
209; asbestos-cement products, MR&S, Feb., 
126, Aug., 656; atmospheric sampling and 
analysis, MR&S, March, 209; bituminous 
materials, MR&S, March, 211, Aug., 657; 

Casein, MR&S, April, 310, Aug., 659; cast 
iron, MR&S, March, 212; cellulose, MR&S, 

- April, 309; cement, MR&S, Feb., 126, Aug., 

- 654; ceramic whitewares, MR&S, June, 483, 

Aug., 656, Nov., 898; ceramics for elec- 


1439 


tronics, MR&S, July, 576; chemical analysis 
of metals, MR&S, Aug., 659; chemical-re- 
sistant mortars, MR&S, Feb., 125; April, 308; 
clay pipe, MR&S, Aug., 655; coal and coke, 
MR&S, March, 210; Aug., 657, Oct., 818; 
concrete, MR&S, Feb., 126, Aug., 655; con- 
crete pipe, MR&S, Feb., 125, Dec., 991; 
corrosion of iron and steel, MR&S, March, 
213; Aug., 654; corrosion of non-ferrous 
metals, MR&S, March, 212; electrical in- 
sulating liquids, MR&S, May, 399, Aug., 
659; Dec., 992; electrical insulating materials, 
MR&S, May, 400; Dec., 991; electrodeposited 
metallic coatings, MR&S, March, 213, Nov., 
897; electron tubes and_ semiconductors, 
MR&S, April, 308, May, 394, Aug., 661, Dec., 
992; emission spectroscopy, MR&S, Aug., 
659; fatigue, MR&S, March, 210; fire tests, 
MR&S, March, 208; flexible barrier materials, 
MR&S, April, 307; gas chromatography, 
MR&S, March, 217; glass, MR&S, June, 483; 
gypsum, MR&S, March, 212, Aug., 655; halo- 
genated organic solvents, MR&S, March, 210, 
Aug., 659; industrial aromatic hydrocarbons, 
MR&S, April, 308, Aug., 657; industrial chem- 
icals, MR&S, March, 210, Sept., 739; industrial — 
water, MR&S, April, 309, Aug., 658, Sept., 
736; iron-chromium, iron-chromium-nickel, 
and related alloys, MR&S, Nov., 896; joint 
sealants, MR&S, Aug., 656; leather, MR&S, 
Feb., 125, May, 399; lime, MR&S, March, 212, 
Aug., 655; magnetic properties, MR&S, — 
March, 216; malleable iron castings, MR&S, 
March, 212; Aug., 654; manufactured masonry 
units, MR&S, April, 309, Aug., 656; metallog- — 
raphy, MR&S, Aug., 659; metals for thermo- 
stats, MR&S, May, 398, Sept. 736; methods of 
testing, MR&S, March, 209; mortars for unit 
masonry, MR&S, March, 212, Aug., 655; nat- 
ural building stones, MR&S, Sept., 736; 
naval stores, MR&S, Aug., 657; nondestruc- 
tive testing, MR&S, Aug., 660; nonferrous — 
metals and alloys, MR&S, Aug., 654; nu- 
clear magnetic resonance, MR&S, July, 576; 
packaging, MR&S, July, 576; paint, MR&S, 
Sept., 736; paper, MR&S, Aug., 657; petro- 
leum products and lubricants, MR&S, April, 
307, Sept., 737; plastics, MR&S, May, 398, 
Aug., 658; Oct., 818; Dec., 991; porcelain _ 
enamel, MR&S, March, 212, Nov., 899; | 
quality control, MR&S, Aug., 660; radio- 
isotopes and radiation effects, MR&S, 
March, 207, Aug., 660; refractories, MR&S, 
March, 211, Nov., 898; road and paving ma- 
terials, MR&S, Aug., 656; rubber, MR&S, 
March, 211, 216; April 310; May, 398, 
“ept., 737, Dec., 992; sensory evaluation, 
MR&S, March, 208, Sept., 739; Oct., 818; skid 
resistance, MR&S, March, 209; Sept., 739; 
Nov., 898; soaps and detergents, MR&S, 
April, 308; soils, MR&S, Aug., 657; sorptive 
mineral materials, MR&S, Aug., 656; steel, 7 
MR&S, Aug., 654; testing building construc- — 
tions, MR&S, Feb., 126, Aug., 659; textiles, — 
MR&S, Sept., 737; thermal insulating ma- 7 
terials, MR&S, April, 307; Nov., 898; water, © 
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ASTM (continued) 

MR&S, Sept., 736; wax polishes, MR&S, 
March, 210; wood, MR&S, March, 217. 

Atmospheric exposure 

oleophobic films for protection (Holshouser 
and Utech), 749 (R). Disc., 755. 

report of Advisory Committee on Corrosion, 
387. 

tests, see under specific metal. 

Atmospheric sampling and analysis. Report of 
Committee D-22, 589. 

Atomic Energy Commission, research in metal- 
lurgy and materials (materials sciences), 
MR&S, May, 404. 

Austin, A. E., see Freas, D. G., Austin, A. E., 
and Rough, F. A. 

Automation, chemical processing (Thomas, 
ao and Koontz). Summary of STP 300, 
1429 


Avery, Howard S., discussion, 969. 
Aviation fuels. Report of Committee D-2, 472. 


Bain, A. S.: The heat rating required to pro- 
duce central melting in various UOz fuels. 
Summary of STP 306, 1425. 

Baker, M. D., discussion, 1419. 

Ballard, D. B.: Use of bulge test for determin- 
ing mechanical properties of stainless steel 
foil, MR&S, June, $1. 

Barnard, Dan P.: Summary. Summary of 
STP 298, 1427. 

Barr, R. Q., Semchyshen, M., and Tim- 
mons, G. A.: Room-temperature creep 
rate of molybdenum and effect of strain rate 
on the tensile properties of molybdenum, 


Base-metal cracking, status report (Appendix 
1), Report of Joint ASTM-ASME Committee, 
378 


Bates, J. Lambert: Voids in irradiated UO: . 
Summary of STP 306, 1425. 

Bauer, J.: Scientific methods of wool testing, 
MR&S, March, 167. 

Beachem, C. D., see Srawley, J. E., and 
Beachem, C. D. 

Beam furnace at Portland Cement Association 
(PCA) (Carlson and Tatman). Summary of 
STP 301, 45. 

Bearing creep, determining in sheet metals 
(Kattus and Lessley), 920. Disc., 930. 

Beaton, J. L., see Driscoll, D. E., et al. 

Begley, R. T., see France, L. L., et al. 

Behr, R. D., discussion, 755. 

Bender, R. O.: Gasoline stability: possible ef- 
fects of current research on future methods 
and specifications. Summary of STP 298, 
1427. 


Bending, cumulative fatigue damage (Manson, 
Natchigall, and Freche), 679 (R), Disc., 692. 

Benedicto, R. L., discussion, 692. 

Bernett, E. C., and Gerberich, W. W.: 
Rapid-rate compression testing of sheet ma- 
terials at high temperatures. Summary of 
STP 303, 1027. 

Bernett, F. E., see Fitzgerald, J. V., et al. 


INDEX 


Bernhard, R. K.: Biaxial stress fields in non- 
cohesive soils subjected to vibratory loads. 
Summary of STP 305, 1305; Why soil dy- 
namics?, MR&S Jan., 31. 

Beryllium 
dynamic modulus measurements (Hill, 

Shimmin, and Wilcox), 890. Disc., 906. 
oxide, dielectric heat sinks (Hessinger, 
ate and Haura). Summary of STP 300, 
429. 


oxicle, ceramics, safe handling (Ferreir). Sum- 
mary of STP 300, 1429. 

water-vapor corrosion (Browne). Summary 
of STP 306, 1425. 
Best, C. H., see Polivka, M., et al. 
(Beta) 8 titanium alloy 
fracture toughness-thickness 
(Bluhm), 1324. 

thickness influence on sharp-edge-notch 
properties (Repko, Jones, and Brown, 
Jr.). Summary of STP 302, 1026. 

Biaxial stress-strain curves for light metals 
(Markovich and Schwartzberg). Summary of 
STP 302, 1026. 

Bibliographies and abstracts 
contacts, 1960 supplement. STP 

6-0. 
thermostat metals. See STP 288. 
Biondi, F. J.: The role of impurities in im- 
purity-dominated electronic materials and 
devices. Summary of STP 300, 1429. 
Birks, L. S., and Seebold, R. E.: Use of the 
electron probe to measure low average but 
high local concentrations. Summary of STP 
308, 1028. 
Birtwistle, R., see Waters, E. H., and Birt- 
wistle, R. 
Bituminous mixtures 
asphalt content variation (Keyser and 
Gaudette), Summary of STP 309, 1306. 

compatibility—exudation versus insudation 
(Oliensis), MR&S, Sept., 723. 

report on Committee D-8, 510. 

temperature susceptibility measurement of 
asphalt bitumens, MR&S, Dec., 981 

viscosity, in construction (Adam). Summary 
of STP 309, 1306. 

viscosity measurement (Heithaus). 
mary of STP 309, 1306. 

Blast-furnace slags, spectrochemical analysis 
(Appendix IT), Report of Committee E-2, 624. 

Bleaknay, H. H.: Intercrystalline cracking and 
creep rupture life, MR&S, March, 181. 

Bleiberg, M. L., Yeniscavich, W., and 
Gray, R. G.: Effects of burnup on certain 
ceramic fuel materials. Summary of STP 
306, 1425. 

Bloem, D. L., see Walker, Stanton, and 
Bloem, D. L. 

Bloem, D. L., Gaynor, R. D., and Wilson, 
J. R.: Testing uniformity of large batches 
of concrete, 1119 (R). Disc., 1141. 

Bloss, R. L.: Evaluation of resistance strain 
gages at elevated temperatures, MR&S, 
Jan., 9. 
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Bluhm, Joseph I. oe 

A model for the effect of thickness on frac- 
ture toughness, 1324. 

A model for the effect of thickness on frac- 
ture toughness applied to laminated 
structures, 1332. 

Boggs, W. E., and Pellissier, G. E.: Deter- 
mination of organic carbon on surface steel 
sheets, MR&S, Aug., 627. 

Boiler code, ASTM standards in ASME boiler 
and pressure vessel code (Kloeblen), 
MR&S, Dec., 978. 

Boilers, high-pressure, impurities in steam 
from (Ulmer and Klein), 1396. Disc., 1412. 

Bolted joints, creep deformation (Marin), 931. 
Disc., 937. 

Bonner, F. J., and Gyer, J. F.: Experiences 
with a high shear rate rotational viscometer. 
Summary of STP 299, 1428. 

Boone, T. H., see Horowitz, E., et al. 

Born, J. W.: Effects of nuclear radiation on 
rubber, MR&S, April, 280. 

Boor, L., discussion, 1348. 

Borofsky, Arnold J.: Changes in stability of 
germanium alloy transistors through etching, 
washing, and encapsulation processing. Sum- 
mary of STP 300, 1429 

Breindel, W. W., Carlson, R. L., and 
Holden, F. C.: Evaluation of a system for 
compression testing of sheet materials at 
elevated temperatures. Summary of ST P 303, 


Brick 
moisture loss from fresh mortars to brick, 
(Davison), MR&S, May, 385. 
moisture penetration and bond strength of 
— masonry (Ritchie), MR&S, May, 


360. 
Bridgeman, O. C., see Legatski, T. W., and 
Bridgeman, O. C. 
Bridgeman, P. W.: On density 
(materials sciences), MR&S, Jan., 
Brittle fracture 
concrete reinforcing steels (Tarr). Summary 
of STP 302, 1026. 
testing (Yukawa). Summary of STP 302, 
1026 


Brodnyan, J. G., Gaskins, F. H., and Phil- 
ippoff, W.: Correlation between rheological 
arameters measured in instruments of dif- 
a geometries. Summary of STP 299, 


aan, W. F., Jr., see Espey, G. B., Jones, 
M. H., and Brow n, W. F., 

Browne, C. corrosion of 
beryllia. Summary of STP 306, 1425. 

Brunton, J. H.: Deformation of solids by im- 
pact of liquids at high speeds. Summary of 
STP 307, 1426. 

Buchsbaum, S. J., and Sawyer, G. A.: The 
problem of gas purity in plasma physics and 
technology. Summary of STP 304, 1424. 

Buckling, Inconel, temperatures up to 1400 F 
(Dubuc and Welter). Summary of STP 303. 
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Building code, ASTM specifications in south 
(Clement), MR&S, May, 408. 

Building construction testing 
report of Committee E-6, 641. 
symposium on testing building construction. 

Summary of STP 312, 1431 

Building materials, heat release in fires (Loftus, 
Gross, and Robertson), 1336 (R). Disc., 1348. 

Building stones, natural. Report of Committee 

Bulat, T. je: Use of radioisotope tracer tech- 
niques in contamination studies. Summary of 
STP 300, 1429. 

Burk, F. C.: Motor gasoline octane test 
Summary of STP 

Burmister, Donald M. 

Discussion, 1268. 
— discussion. Summary of STP 305, 
1305 

Burnup, effects on ceramic fuels (Bleiberg, 
ag and Gray). Summary of STP 
306, 1 

Burst hey ‘mechanical roperties of stainless 
steel foil, (Ballard), R&S, June, 471. 

Butz, G. A., and Lyst, J. L.: Improvement in 
fatigue resistance of aluminum alloys by sur- 
face cold-working, MR&S, Dec., 951. 

Byrne, J., see Quaglia, L., Byrne, J., and 
Reyling, G. = 

Calcium sulfate test in hydrated cement-mortar 
(Kennedy), 1035. Disc., 1038 

— value. Report of Committee D-3, 
487. 

Calresearch pavement density method, measur- 
ing volume of compacted asphalt concrete 
ose. and Schmidt). Summary of STP 
309, 1 

Capott, R. J., see Horowitz, E., et al. 

Carboloy testing (Hoyt), MR&S, July, 546. 

Carbon 
aids for Ramsbottom carbon residue test 

(Taylor), MR&S, Aug., 626. 
carbon-14 (materials sciences), MR&S, 
April, 313 
organic, on surface of steel sheets (Boggs and 
Pellisier), MR&S, Aug., 627. 

Carbon black 
Report of Committee D-11, 523. 

Report of Committee D-24, 594. 

Carbon paper. Report of Committee E-12, 649. 

Carlson, C. C., and Tatman, Phil J.: The 
new beam furnace at PCA and some experi- 
ences gained from its use. Summary of STP 


Carlson, R. L., see Breindel, W. W., Carlson, 
R. L., and Holden, F. C. 

Carpets. Report of Committee D-13, 534. 

Carroll, R. M.: Continuous release of fission 
gas from UOz during irradiation. Summary 
of STP 306, 1425 

Carwile, N. L. 


see Geil, G. W., and Carwile, N. L. _ 
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Carwile, N. L., Meyerson, M. R., and 
Rosenberg, S. J.: Apparatus for controlled 
slack quenching, MR&S, July, 532. 
Casein. Report of Committee D-25, 595. 
Casings, motor, fractographic analysis (Tiner), 
800 (R). 
Cast Copper, see Copper. 
Cast Iron, see Iron, Cast. 
Cathode 
materials. Report of Committee F-1, 671. 
noise-tested activation (Dlouhy and Schuetze). 
Summary of STP 300, 1429. 

report of Administrative Committee on Simu- 
lated Service Testing, 101 

symposium on erosion and cavitation. Sum- 
mary of STP 307, 1426. 

see erosion. 
Cellular plastics. Report of Subcommittee XX 
of Committee D-20, 585. 
Cellulose. Report of Committee D-23, 591. 
Cement 
air entrainment compressive 
(Walker and Bloem), 1059. 

centrifuge test for determining cement con- 
tent of fresh concrete (Walker, Bloem, 
Gaynor, and Wilson), MR&S, June, 454. 

flexural strength of mortars (Swayze), 1051. 
Disc., 1057. 

fourth international symposium (materials 
sciences), MR&S, April, 312. 

magnesium oxychloride and oxysulfate. Re- 
port of Committee C-2, 398 

report of Committee C-1, 391. 

mortar, test for hydrated calcium sulfate 
(Kennedy), 1035. Disc., 1038. 

see also papers on road and paving materials 
and symposium on microviscometry. Sum- 
mary of STP 309, 1306. 

Cement, portland 
— sulfate test (Kennedy), 1035. Disc., 


strength 


grinding aids (Mardulier), 1078 (R). Disc., 
1091. 


loaded, strain distribution (Keeton), 1197. 
Disc., 

quick and false set, (Hansen), MR&S, Oct., 
791. 


slag, replaced by fly ash in concrete (Grieb 
and Woolf), 1143. Disc., 1154. 
— resistance test (Lerch), 1043. Disc., 
9. 
method of test for false set (Hansen), 1029. 
variations (Walker and Bloem), 1059. 
Centrifuge test for determining cement content 
of fresh concrete, (Walker, Bloem, Gaynor, 
and Wilson), MR&S, June, 454. 
Ceramics 
beryllium oxide dielectric heat sinks (Hes- 
singer, Strott, and Haura). Summary of 
STP 300, 1429. 
effect of impurities on oa (Cutler). 
Summary of STP 304, 1424. 
electronics. Report of Committee C- 25, 457. 
organic adhesives for setting tile, (Fitzgerald, 
Wagner, and Bernett), MR&S, March, 


196. 


products. 
Committee D-9, 517. 
whitewares. Report of Committee C-21, 450. 


Report of Subcommittee V of 


Ceramic fuel, effect of burnup (Bleiberg, 
Yeniscavich, and Gray). Summary of STP 
306, 1425. 

Chalmers, Bruce: The Growth of Ice in 

Supercooled Water. (Marburg Lecture).* 

Charpy test 

effects of variables in impact testing, (Fahey), 
MR&S, Nov., 872 

impact values (Reymond). Summary of STP 
302, 1026. 

subsize Charpy correlation with standard 
Charpy, (Curll), MR&S, Jan., 91 

Chemical composition 
fly ashes, correlation with triangular chart 

(Appendix II) (Vincent, Mateos, and 
Davidson), 1118. 

Chemicals 

industrial, analysis and testing. Report of 
Committee E-15, 662. 
industrial. Report of Committee E-15, 662. 

Chlorides in gypsum, (Surkevicius), MR&S, 
Aug., 624. 

Christian, J. L., see Watson, J. F., Christian, 
J. L., Tanalski, T. T., and Hurlich, A. 


Chromaphotography 
gas. Report of Committee E-19, 667. 
Clapper, R. B., discussion, 937. 7 
Clarke, F. E., discussion, 1423. 
Clay 
masonry curtain walls, testing (Monk). 


Summary of STP 312, 1431 

measurement of sensitivity 
Kubota), 1239. 

pipe. Report of Committee C-4, 403. 

sensitive, shearing resistance (Crawford), 
1250 (R). Disc., 1266. 

Cleaning 

effects of cleaning on the micromodule 
(Vossen). Summary of STP 300, 1429. 

Germanium alloy, changes (Borofsky). Sum- 
mary of STP 300, 1429. 

noise-tested cathode activation (Dlouhy and 
Schuetze). Summary of STP 300, 1429. 

vapor degreasing handbook. Summary of 
STP 310, 1432 

See symposium on materials and electron de- 
vice processing. Summary of STP 300, 
1429 


Clement, M. L.: ASTM specifications in 
southern standard building code, MR&S, May, 


408. 
Cleveland, A. E., see Risk, 
land, A. E. 
Coal and Coke. Report of Committee D-5, 495. 
Coatings 
high-temperature molybdenum applications 
under fatigue (Mittenbergs, Haley, and 
Williams), 757. Disc., 774. 
photoelastic test for strain distribution in 
concrete (Keeton), 1197. Disc., 1220. 
see also under name of specific metal. 
Coaxial-cylinder viscometer, polymers (Mer- 
rill). Summary of STP 299, 1428. Th 
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Cobalt alloy, dynamic modulus measurement 
(Hill, Shimmin, and Wilcox), 890. Disc., 906. 
Cobb, R. V., and Coulter, E. E.: The pre- 
vention of errors in steam purity measure- 
ment caused by deposition of impurities in 

sampling lines, 1386. 

Cochran, J. S., see M., Siltanen, 

J. N., and Cochran, J. S 

Codification 

light metals and alloys (Appendix ITI), Report 
of Committee B-7, 300. 
report of Committee B- 7, 282. 

Coke, see Coal and Coke. 

Cold-strain austenitic materials (Hammer, 
Jr Stemann, and Weismantel), 809. Disc., 
817. 

Color 
report of Committee E-12, 649. 

a five-attribute system of describing visual 
appearance. See STP 297. 

Combustible characteristics of building ma- 
terials (Loftus, Gross, and Robertson), 1336 
(R). Disc., 1348 

Combustion, abnormal phenomena (Pastell and 
Hyatt). Summary of STP 298, 1427. 

Communication, 

(ACR notes) (Harris), MR&S, Oct., 821 
needed: more talk less communication (ed- 
itorial) (Mowbray), MR&S, June, 447 
Compatibility between bitumens—exudation 

— insudation (Oliensis), MR&S, Sept., 

Compression 

evaluation of compression set testing— 
standard versus variable deflection meth- 
ods (King and Harding). See STP 311. 

Inconel, temperatures up to 1400 F (Dubuc 
and Welter). Summary of STP 303, 1027. 

loaded concrete, strain distribution (Keeton), 
1197. Disc., 1 

Compression testing 

compressive strength values in soil-additive 
strength determinations, MR&S, Dec., 
947; gypsum plaster (Waters and Birk- 
wistle), M@R&S, May, 374 

report of Committee D-i1, 523. 

see symposium on_ elevated-temperature 
compression testing of sheet materials. 
Summary of STP 303, 1027. 

Compressive creep, determining in sheet 
metals (Kattus and Lessley), 920. Disc., 930. 

Compressive strength 
air-entrained cement (Walker and Bloem), 

1059. 
concretes and mortars (Lynn and Palmer), 
1180. 

Compressive yield, magnesium alloy at elevated 
temperatures (Fenn, Jr.). Summary of STP 
303, 1027. 

Composite insulation. Report of Committee 
D-9, 519 

Computer, goes to nuclear research center 
(random samples), “R&S, June, 490. 

Concentrations 

high local, electron probe for measuring 
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(Birks and Seebold). Summary of STP 
308, 1028. 


low average, electron probe for measuring 
(Birks and Seebold). Summary of STP 
308, 1028. 

Concrete 

building blocks for concrete research (ma- 
terials sciences), MR&S, Dec., 996. 

centrifuge test for determining cement con- 
tent of fresh concrete, (Walker, Bloem, 
Gaynor, and Wilson), MR&S, June, 454. 

compressively loaded, strain distribution 
(Keeton), 1197. Disc., 1220. 

fire tests in new beam furnace (Carlson and 
Tatman). Summary of STP 301, 45. 

—- in control (Waddell), MR&S, June, 
52. 

flexural and +. strengths (Lynn 
and Palmer), 118) 

indirect tension test (Mitchell, Jr.), MR&S, 
Oct., 780. 

investigation of materials for Saskatchewan 
Dam (Price), 1155. 

100-year test (random samples), MR&S, 
March, 232 

pipe. Report of Committee C-13, 431. 

reinforcing steels, brittle fracture (Tarr). 
Summary of STP 302, 1026. 

report of Committee C-9, 413. 

—_— resistance, test (Lerch), 1043. Disc., 


use of fly ash for portland cement (Grieb and 
Woolf), 1143. Disc., 1154. 
uniformity of large batches (Bloem, Gaynor, 
and Wilson), 1119 (R). Disc., 1141. 
volume changes (Swayze), MR&S, Sept., 700, 
Disc., 704. 

Concrete pipe, See pipe, concrete. 

Cone-plate viscometer application to non- 
Newtonian systems (Forster and Horowitz). 
Summary of STP 299, 1428. 

Conner, C. C., discussion, MR&S, May, 364. 

Connor, W. S.: How to evaluate precision, 
MR&S, April, 272. 

Consistency, paving cements, measurement 
(Fink and Griffin). Summary of STP 309, 
1306. 

Constituents, various in metals, See Symposium 
on extension of sensitivity for determining 
various constituents in metals. Summary of 
STP 308, 1028. 

Construction 
bituminous, viscosity (Adam). Summary of 

STP 309, 1306. 
structural sandwich. Report of Committee 
C-19, 445. 

Contacts, electrical. Report of Committee B-4, 
229. 

Contamination, See electron device processing. 
Summary of STP 300, 1429. 

Converse, F. J.: Stress-deformation relations 
for soft saturated silt under low-frequency 
oscillating direct-shear forces. Summary of 
STP 305, 1305. 


pall creep and rupture properties (Moon 
and Simmons), 938. 

beryllium alloy, fatigue propagation (Hol- 
shouser and Utech), 749 (R). Disc., 755. 

beryllium strip, properties after exposures to 
elevated temperatures (Wikle and Sarle), 
988. 


creep testing by centrifugal-force loading 
(Hook, Adair, and Spretnak), MR&S, 
June, 464. 
nickel alloy, properties Me II). Re- 
port of Committee B-5, 
recommendations affecting = (Ap- 
pendix I, report of Committee B-5), 240. 
report of Committee B-5, 235. 
stress-corrosion-cracking test for 
(Thompson), MR&S, Feb., 108 
Copson, H. R., Hopkinson, B. E., and 
Lang, F. S.: Behavior of ni-o-nel nickel- 
iron-chromium alloy in intergranular cor- 
rosion evaluation tests, 879. 
Cornthwaite, A. B.: Introduction, Sym- 
posium on Microviscometry. Summary of 
STP 309, 1306 


alloys 


Corrosion 
atmospheric (Appendix I). Report of Com- 
mittee B-3, 205 


corrosiveness of various atmospheres (Ellis 
and Larrabee), MR&S, Dec., 977 

galvanic and electrolytic (Appendix II), Re- 
port of Committee B-3, 215 

(Copson, Hopkinson, and Lang), 8 

moisture deposition on corrosion a 
(Sereda), MR&S, Sept., 719. 

nonferrous. Report of Committee B- 3, 202. 

report of Advisory Committee, 387. 

report of Committee A-3, 130. 

report of Committee A-5, 133. 

report of Committee A-7 164. 

report of Committee A-10, 183 

report of Committee B-6, 264. 

resistant steels in installations (Appendix), 
Report of Committee A-10, 188. 

stress-c-trosion-cracking test for copper al- 
loys, (Thompson), MR&S, Feb., 108. 

water-vapor, of a (Browne). Summary 
of STP 

Corten, H. T., te Spitzer, Robert, and Corten, 


Costello, J. C.: Some gang - the infor- 
mation problem, MR&S, June, 4 
Courtney-Pratt, J. S.: High- soa microg- 
raphy (ACR notes), MR&S, May, 406. 
Cotton. Report of Committee D- 13, 534. 
Coulter, E. E., see Cobb, R. V., and Coulter, 
E. E. 
Cracking 
fracture testing of high- a sheet ma- 
terials, MR&S, Nov., 
fracture toughness with 
shear-cracked specimens (Morrison and 
Kattus), MR&S, Dec., 968. 
intercrystalline cracking and creep rupture 
7 life (Bleakney), MR&S, March, 181. 
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determining direction (Tiner), 
R) 


propagation, fatigue in (Eritk- 
son and Work), 704 (R). D 

size effect on tensile (Srawley and 
Beachem). Summary of STP 302, 1026. 

slow growth and —_ propagation of cracks, 
MR&S, May, 389 

see also Fracture. 


= W. H., see Feder, D. O., and Craft, W. 
Craft, W. H., see Thomas, C. O., Craft, W. H., 


and Koontz, D. E. 


Crawford, C. B.: The influence of strain on 


shearing resistance of sensitive clay, 1250 
(R). Disc., 1266. 


Creativity—a valuable state of mind (ACR 


notes) (Smith), MR&S, July, 580. 


Creep 


determination in sheet metals (Kattus and 
Lessley), 920. Disc., 930 

fracture in nickel (Reuther, Shahinian, and 
Achter), 956. Disc., 967. 

intercrystalline cracking and 
life (Bleakney), MR&S, March, 

properties, copper-base alloys (Moon and 
Simmons), 938. 

Rabotnov’s creep parameter (Goldhoff), 907. 

rate, molydenum (Barr, Semchyshen, and 
Timmons), 847. 

wae structural joints (Marin), 931. Disc., 


testing by centrifugal-force loading, (Hook, 
Adair, and Spretnak), MR&S, June, 464 


Creep parameter, Tabotnov’s (Goldhoff), 907. 
Creep-rupture 


behavior of Hastelloy-X (Donachie, Jr., and 
Shepheard), 981. 

nickel alloys in helium (Wall, Hengstenberg, 
and Gayley), 970. 

properties of copper-base alloys (Moon and 
Simmons), 938. 


Critical data on , hydrocarbons (ma- 


terials sciences) MR&S, June, 486. 


Crum, R. G.: Convenient way to find natural 


logarithms is useful for true-strain values, 
MR&S, Dec., 967. 


Cryogenic tanks 


fracture toughness of sheet alloys (Espey, 
Jones, and Brown, Jr.). Summary of STP 
302, 1026. 

(Marsh). Summary of STP 302, 
1026. 


Cryogenics 


cryostat for mechanical testing (Ives and 
Mead), MR&S, March, 194. 

temperatures, steel (Hall). 
Summary of STP 302, 1 

temperatures, report on pbyeical properties 
of metals and alloys from cryogenic to 
elevated temperatures. (Eldridge and 
Deem). See ST P 296. 

tensile cryostat for temperature range 4 to 
300 K, (McClintock and Warren), MR&S, 
Feb., 95 

tensile ratios and fatigue of welded joints in 
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steel (Watson, Christian, Tanalski, and 
Hurlich). Summary of STP 302, 1026. 
Tension testing at —423F (Watson and 
Christian), MR&S, Feb., 87. 
Crystals, strength of (materials sciences) 
3 MR&S, June, 486. 
{ Cufenloy 40, elevated temperature properties 
(Simmons ‘and Sirois), 247. 

Cummings, R.: Use of —— viscometer for 

testing inks, MR&S, Jan., 30. 
Cunny, R. W., and ‘Sloan, R. C.: Dynamic 

load machine and results of preliminary 
| small-scale footing tests. Summary of STP 
305, 1305. 
| Curll, C. H.: Subsize Charpy correlation with 
| standard Charpy, MR&S, Feb., 91. 
| 


Curry, R. L., discussion, MR&S, Feb., 
Curtain walls 
clay masonry, testing (Monk). Summary of 
STP 312, 1431. 
metal, oe (Koppes). Summary of STP 
1431 


111. 


Cutler, "Ivan B.: The effect of impurities on 
the properties of ceramic materials. Sum- 
mary of STP 304, 1424. 

Cyclic deformation, elastoplastic and fatigue 
(Serensen and Shneiderovitch), 789. 


D 
| 
Dale, J. M.: Determination of mechanical 
: properties of elemental sulfur, MR&S, Jan., 
23; discussion, MR&S, Sept., 716. 
' Damping 
1 capacity of granular soils (Weissmann and 


Hart). Summary of STP 305, 1305. 
equation for evaluation of soils (Smith and 


d Albee), 1362. 
Danek, G. J., Jr., Smith, H. H., and 
a Achter, M. R.: High-temperature fatigue 
and bending strain measurements in con- 
d trolled environments, 775 (R). Disc., 787. 
David, H. T., Davidson, D. T., and O’- 
- Flaherty, C. A.: Detecting outliers in soil- 
additive strength tests, MR&S, Dec., 947. 
al Davidson, D. T., see Vincent, Robert D., 


S, Mateos, Manuel, and Davidson, D. T.; see 
David, H. T., et al. 
Davidson, J. I.: Loss of moisture from fresh 
y, mortars to bricks, MR&S, May, 385. 
P 


Decker, R. F., discussion, 967. 
DeCorso, S. M., and Kothmann, R, E.: 
E liquid impact. Summary of STP 
307, 
Diem, see Eldridge, E. A., and Deem, 
ad H. W. 
DeFore, M. A., discussion, MR&S, Oct., 802. 
). Deflection methods, compression set testing 
(King and Harding). See STP 311. 
ies Degradation, asphaltic concrete wearing course 
to mixtures (Goode and Owings). Summary of 
nd | STP 309, 1306. 
| Degreasing, vapor, handbook. Summary of 
to | STP 310, 1432. 
LS, Dehydration products, determination of gyp- 


sum and, in mixtures (McAdie and Kuntze), 
MR&S, Jan., 
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della Porta, P., and Airoldi, E.: Quality con- 
trol of getters. Summary of STP 300, 1429. 

Dempsey, J. G., discussion, MR&S, Oct., 798. 

Dempster, John M.: The role of motor gaso- 
line additives. Summary of ST P 298, 1427. 

Density, see Permeability and Asphalt, 1306. 

Deposit-ignition problem, fundamentals and 
techniques (Pastell and Hyatt). Summary of 
STP 298, 1427. 

Detergents, see Soaps and Detergents. 

Die castings. Report of Committee B-6, 264. 

Dielectric heat sinks, beryllium oxide (Hessin- 
ger, Strott, and Haura). Summary of STP 
300, 1429. 

Diesel fuel. Report of Committee D-2, 472. 

Differential method, measurement of strain 
components of aluminum alloys (Theocaris), 
838 (R). 

Diffraction, X-ray, see X-Ray Diffraction. 

Dislocations, role of transmission electron 
microscopy in fundamental fatigue studies, 
(Wilsdorf), MR&S, Aug., 640. 

Diouhy, F., and Schuetze, H. J.: Noise- 
tested cathode activation. Summary of STP 
300, 1429. 

Dodge, H. F., editorial, MR&S, Nov., 861 

Dolch, W. L. 

Importance of surfaces, 666. 
Mission of ACR, MR&S, Jan., 4 

Donachie, Matthew Jr., and Shepheard, 
Robert G.: Creep-rupture behavior of 
Hastelloy-X, 981. 

Dosimetry. Report of Committee E-10, 646. 

Dougherty, M., see Adam, L. H., and Dough- 


erty, M. 
Driscoll, D. E., Beaton, J. L., Fry, H. L., 
and Lysaght, V. E.: Hardness-tensile 
strength conversion for Rockwell hardness, 
C scale, MR&S, June, 448. 
Dry slide settling technique, dust monitoring 
g and Kodel). Summary oi 
STP 300 
Dubuc, Jes “aaa Welter, G.: Compression 
and buckling characteristics of annealed and 
aged Inconel 718 nickel-chromium alloy at 
os ior up to 1400 F. Summary of STP 
Ductility 
elongation in sheet tension specimens, (Kula 
and Fahey), MR&S, Aug., 631 

fracture characteristics of notched tensile 
specimens of titanium (Geil and Carwile), 
MR&S, Jan., 16. 

Dudley medal, awarded to G. B. Espey, M. H. 
Jones, W. J. Brown, MR&S, July, 570. 

Durelli, A. J., and Riley, W. F.: Performance 
of embedded pressure gages under static and 
dynamic loadings. Summary of STP 305, 
1305. 

Dust, see Electron device processing, Summary 
of STP 300, 1429. 

DVM notched specimens, impact values (Rey- 
mond). Summary of STP 302, 1026. 

Dynamic loading 

bearing capacities, footings under nonvibra- 
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Dynamic (continued) 
tory forces (Shenkman and McKee). Sum- 
mary of STP 305, 1305. 
nuclear explosions, response (Sinnamon and 
Newmark). Summary of ST P 305, 1305. 
small-scale footing tests (Cunny and Sloan). 
Summary of STP 305, 1305. 
Dynamic moduli 
metallic materials (Hill, Shimmin, and Wil- 
cox), 890. Disc., 
Dynamic testing 
rubber products (Payne), MR&S, Dec., 942 
soils, facilities (Sinnamon and Newmark). 
Summary of STP 305, 1305. 
Dynamics, soil, See symposium on soil dy- 
namics. Summary of ST P 305, 1305 


E 


Eden, W. J., and Kubota, J. K.: Some ob- 
servations on the measurement of sensitivity 
of clays, 1239. 

Elastic moduli, calculating from resonance fre- 
ee (Spinner and Tefft), 1221 (R). Disc., 
1238. 


Elasticity, dynamic moduli of metals and alloys 
at elevated temperatures (Hill, Shimmin, and 
Wilcox), 890. Disc., 906. 

Elastomers 
report of Committee D-11, 523. 
vulcanized, compression set testing (King and 

Harding). See ST P 311. 

Elastoplastic deformation, low-cycle fatigue 
(Serensen and Shneiderovitch), 789. 

Eldridge, E. A., and Deem, H. W.: Report 
on physical properties of metals and alloys 
from cryogenic to elevated temperatures. 
See STP 296. 

Electrical conductors, wires. Report on Com- 
mittee B-1, 195 

Electrical contacts 
bibliography and abstracts, 1960 supple- 

ment. Summary of STP 56-0. 
definitions of terms (Appendix), Report of 
Committee B-4, 232. 
report of Committee B-4, 229. 
— heating. Report of Committee B-4, 


Electrical insulation 
— and gases. Report of Committee D-27, 
598 


materials. Report of Committee D-9, 513. 
see Insulation, electrical. 

Electrical properties, effect of heat and plastic 
ae (Starr, Wang, and Hofacker), 
831. 

Electrical resistance 
nickel-chromium alloy (Starr, 

Hofacker), 831. 
report of Committee B-4, 229. 

Electrical steel. Report of Committee A-6, 160. 

Electroanalytical techniques, trace metal de- 
termination (Meites). Summary of STP 308, 
1028. 

Electrode potential 

emf studies of nickel-iron alloys in etchants 


Wang, and 


INDEX 


(Feder, 
Summary of STP 300, 1429 

emf-time studies of platinum electrodes 
gd and Jacob). Summary of ST P 300, 
1429. 


Howden, Huff, and Richards). 


Electroforming 
electromagnetic determination of nickel 
thickness for re-entry vehicle heat sinks 
— and Hastings), MR&S, Mar., 
1 . 


program set for symposium, MR&S, Nov., 
890 


symposium, highlight of Committee Week, 
MR&S, Dec., 989. 
Electron beam microanalyzer, new 
(Hayes). Summary of STP 300, 1429. 
Electron device, symposium on materials and 
electron device processing. Summary of STP 
300, 1429. 
Electron microscopy, see Microscopy, electron. 
Electron microstructure. Report of Committtee 
E-4, 635. 
Electron probe, measuring concentrations of 
impurities in alloys (Birks and Seebold). 
Summary of STP 308, 1028. 
Electron tubes and semiconductor devices. Re- 
port of Committee F-1, 669. 
Elevated temperature 
characteristics of stainless steel (Lu, Trubert, 
and Nash), 1 

copper-beryllium strip after exposure (Wikle 
and Sarle), 988. 

dynamic moduli of metallic materials (Hill, 
Shimmin, and Wilcox), 890. Disc., 906. 

report of Joint ASTM-ASME Committee on 
properties of metals, 370. 

report on physical properties of metals and 
alloys from cryogenic to elevated tempera- 
tures (Eldridge and Deem). See STP 296. 

symposium on elevated-temperature com- 
pression testing of sheet materials. Sum- 
mary of STP 303, 1027 

see also High temperature. 
Elongation, in sheet tension specimens (Kula 
and Fahey), MR&S, Aug., 631. 
Embedded pressure gages performance (Du- 
relli and Riley), Summary of STP 305, 1305. 
Embedding compound. Report of Subcommit- 
tee VI of Committee D-9, 518. 
Emf studies 
nickel-iron alloys in etchants (Feder, How- 
den, Huff, and Richards). Summary of 
STP 300, 1429. 

platinum electrodes (Feder and Jacob). Sum- 
mary of STP 300, 1429. 

Emission 
emission. 

Enamel, porcelain. Report of Committee C-22, 
452. 


tool 


spectroscopy, see Spectroscopy, 


Encapsulating compound. Report of Subcom- 
mittee VI of Committee D-9, 518. 

Engel, Olive G.: Impact of liquid drops. Sum- 
mary of STP 307, 1426. 

Engine 

requirements, effect of composition on future 
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specifications (Faust). Summary of STP 

298, 1427. 

requirements for performance (Risk and 
Cleveland). Summary of STP 298, 1427. 

Engine oil, See Oil, engine. 

Environments, transistor processing (Smith and 
Manns). Summary of STP 300, 1429. 

Erb, Donald, discussion, 906 

Erickson, W. H., and Work, C. E.: A study 
of the accumulation of fatigue damage in 
steel, 704 (R). Disc., 717. 

Erosion 
report of Administrative Committee on Simu- 

lated Service Testing, 101. 

test for soils (Inderbitzen), MR&S, July, 553. 

Erosion and =, symposium. Summary 
of STP 307, 1 

Espey, G. B., poll M. H., and Brown, W. 
| Factors influencing fracture tough- 
ness of sheet alloys for use in lightweight 
=m tankage. Summary of STP 302, 
1026 


Etchants, emf studies (Feder, Howden, Huff, 
and Richards). Summary of ST P 300, 1429. 
Etter, Robert W.: Sulfamic acid cleaning of 
— tube parts. Summary of STP 300, 

1429 


Exhaust machine, vacuum tube (Quaglia, Byrne, 
and Reyling). Summary of STP 300, 1429. 
Experimental design 
analysis of planned experiments, MR&S, 
April, 273. 
ASTM Committees, MR&S, Nov., 862. 
reminder: look bere you leap’ (editorial) 
(Dodge), MR&S, Nov., 861. 
Experimental gas- -cooled reactor (EGCR) (Toner 
and Scott). Summary of STP 306, 1425. 
Explosion age (editorial), MR&S, Aug., 619. 
Exposure testing 
moisture deposition on oe specimens 
(Sereda), MR&S, Sept., 
protective paints for hea’ (Lominska), 
MR&S, Aug., 620. 
Exudation, versus insudation, compatibility 
— bitumens (Oliensis), MR&S, Sept., 


F 
Faber, J. W., see Stutzman, M. J., and Faber, 
W 


Fabric. Report of Committee D-13, 534. 

Fahey, N. H.: Effects of variables in Charpy 
impact testing, MR&S, Nov., 872. See also 
Kula, E. B., and Fahey, N. H. 

Fall-cone test, of clays 
(Eden and Kubota), 123 

Fallout, radiation, On co and tyrannies 
(editorial) MR&S, Dec., 941. 

False set 
portland cement (Hansen), MR&S, Oct., 791. 
portland cement, method of test (Hansen), 

1029. 

Fatigue 

accumulation of damage in steel (Erickson 
and Work), 704 (R). Disc., 717. 


crack propagation (Holshouser and Utech), 
749 (R). Disc., 755. 

cracks, effect on high-strength steels (Man- 
ning). Summary of STP 302, 1026. 

cumulative damage of aluminum alloy (Spit- 
zer and Corten), 719 (R). 

cumulative damage, relation in bending 
(Manson, and Freche), 679 
(R). Disc., 

elastoplastic (Serensen and 
Shneiderovitch), 789. 

high-temperature measurements (Danek, 
Smith, and Achter), 775 (R). Disc., 787. 

molybdenum at various temperatures (Mit- 
— Haley and Williams), 757. Disc., 


nickel alloys in helium (Wall, Hengstenberg, 
and Gayley), 970. 
notch (Kuguel), 732 (R). Disc., 747. 
report of Committee E-9, 644. 
resistance of aluminum alloys by mechanical 
surface prestressing (Butz and Lyst), 
MR&S, Dec., 951. 
role of transmission electron microscopy in 
pg fatigue studies (Wilsdorf), 
MR&S, Aug., 640. 
tensile in welded joints of steel (Watson, 
Christian, Tanalski, and Hurlich). Sum- 
mary of STP 302, 1026. 
test for printed wiring boards and through 
connections (Gohn and Fox), MR&S, 
Sept., 711, discussion, Dec., 972. 
Faust, W. J.: The effect of composition and 
engine requirements on future motor gasoline 
ifications. Summary of STP 298, 1427. 
Feder, D. O., and Craft, W. H.: Determina- 
tion of trace amounts of oxygen in protective 
gaseous «.mbients. Summary of ST P 300, 1429. 
Feder, D. O., Howden, W. E., Huff, D. R., 
and Richards, j. We Electrode potential: 
A tool for the control of materials and proc- 
esses in electron device fabrication. II: Emf 
studies of the behavior of 36 per cent nickel- 
iron alloy in hydrogen peroxide—formic acid 
etchants. Summary of STP 300, 1429. 
Feder, D. O., and Jacob, E. $.: Electrode 
potential: a tool for the control of materials 
and processes in electron device fabrication. 
I. Emf-time studies of clean and contaminated 
— electrodes. Summary of STP 300, 


Felt. Report of Committee D-13, 534. 

Fenn, R. W., Jr.: Evaluation of test variables 
in determination of elevated-temperature 
compressive yield strength of magnesium 
alloy sheet. Summary of STP 303, 1027. 

Fenn, R. W., Jr., and Moore, A. A.: Ac- 
curacy problems at rapid rates of mechanical 
testing, MR&S, Oct., 804. 

Fenske, M. R., see Klaus, E. Erwin, Angeloni, — 
Francis M., and Fenske, Merrell R. 

Ferreira, Laurence E.: Recommended prac- 
tices for safe handling of beryllium oxide 
ceramics. Summary of STP 300, 1429. 
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Ferritic steel, welded, low temperature service 
(Wells). Summary of ST P 302, 1026. 

Ferro-alloys. Report of Committee A-9, 182. 

Fibers 
identification and quantitative determination 

of natural and manufactured (Praeger), 
MR&S, May, 381. 
man-made and synthetic. Report of Com- 
mittee D-13, 534 
peeping fibers (random samples), 
Aug., 668 
report of Committee D-13, 534. 

Field vane test, og sensitivity of clays 
(Eden and Kubota), 1239 

Fillers, mineral, asphalt theology (Winniford). 
Summary of STP 309, 1306. 

Film, plastic. Report of Subcommittee XIX of 
Committee D-20, 584. 

Filters, air, electrostatic and high-frequency 
impingement (Helmke). Summary of STP 
300, 1429. 

Findley, William N., discussion, 747. 

Fink, D. F. and Griffin, R. L.: Measurement 
of the consistency of paving cements at 140 F 
with the sliding plate microviscometer. Sum- 
mary of STP 309, 1306. 

Fink, D. F., and Heithaus, J. J.: The pre- 
cision of measurements with the sliding plate 
microviscometer. Summary of STP 309, 1306. 

Fink, W. L., and Wyman, L. L.: Alloy phase 
nomenclature, MR&S, April, 289. 

Finnie, Iain: Erosion by solid particles in a 
fluid stream. Summary of STP 307, 1426. 

Fire 

endurance rating (Harmathy). Sum- 

of STP 301, 4 
heat release in buildings (Loftus, Gross, and 
Robertson), 1336 (R). Disc., 1348. 

Fire test 

7 history (Shoub). Summary of STP 301, 


MR&S, 


3 of Committee E-5, 638. 
symposium on fire test methods. Summary of 
STP 301, 45. 
Fission fragment 
_ damage study (Noggle and Stiegler). Sum- 
mary of STP 306, 1425. 
interaction with solids (Noggle and Stiegler). 
Summary of STP 306, 1425. 
Fission gas 
release og and Rough). Summary of 
STP 306, 1 
uranium release during irradiation 
(Carroll). Summary of STP 306, 1425. 
Fitzgerald, J. V., Wagner, H. B., and Ber- 
nett, F. E.: Organic adhesives for setting 
ceramic tile, MR&S, March, 196 
Fitzroy, N. D., see Norris, R. H., and Fitzroy, 
N 


Flammability, surface, tests (Wilson). See STP 
301. 


Flash Set, See Cement, Concrete, Mortar. 
Flexible barrier materials. Report of Committee 


Flexural strength 


concretes and mortars (Lynn and Palmer), 1180. 
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hydraulic cement mortars (Swayze), 1051. 
Disc., 1057. 
Floor coverings 
history of early fire — testing (Shoub). 
Summary of STP 301 
measurements of human a to hardness 
(Waters, Schjédt), MR&S, Feb., 102. 
measuring thickness (Horowitz, ane, 
Capott, and Boone), MR&S, Feb., 
Fluorine (F rancel). of 
STP 300, 1 
Flux 
removal from printed circuit hoards (Small- 
wood). Summary of STP 3 429. 
solder removal from components (Stern). 
Summary of ST P 300, 1429. 
Fly ash 
pozzolanic behavior (Vincent, 
Davidson), 1094 (R) 
replacement for portland cement (Grieb and 
Woolf), 1143. Disc., 1154. 
Foil, bulge test (Ballard), MR&S, June, 471. 
Footings 
bearing capacities, nonvibratory forces 
(Shenkman and McKee). Summary of STP 
305, 1305. 
dynamically loaded ae and McKee). 
Summary of STP 305, 
model, testing procedure Summary 
of STP 305, 130 
small-scale tests, loading machine 
cae and Sloan). Summary of STP 305, 
1 


Mateos, and 


Forced-ball viscometer, application to mineral 
oil systems (Selby and Hunstad). Summary 
of STP 299, 1428. 
Forster, E. O., and Horowitz, H. H.: Appli- 
cation of the cone- -plate viscometer to non- 
— tonian systems. Summary of STP 299, 
1428. 
Fox, A., see Gohn, G. R. and Fox, A. 
Fractographic analysis» missile motor casings 
(Tiner), 800 (R). 
Fracture 
anomalous, creep of nickel (Reuther, Shahi- 
nian, and Achter), 956. Disc., 967. 

appearances in steel (Tiner), 800 (R). 

brittle, concrete reinforcing steels (Tarr). 
Summary of STP 302, 1026 

brittle, testing (Yukawa). Summary of STP 
302, 1026. 

characteristics of notched tensile specimens 
of titanium (Geil and Carwile), MR&S, 
Jan., 16 

effect of section size on development (Klier 
and Weiss), 1307 (R) 

high-strength materials (Srawley and 
Beachem). Summary of STP 302, 1026. 

laminated structures (Bluhm), 1332. 

sheet steel containing cracks (Srawley and 
Beachem). Summary of STP 302, 1026. 

slow growth and rapid propagation of cracks 
(2nd report of special ASTM committee), 
MR&S, May, 389. 

testing of high-strength sheet materials (dis- 
cussion of 1st report of special ASTM 
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committee) (McClintock), MR&S, April, 
277 


testing of high-strength sheet materials (3rd 
report of special ASTM committee), MR&S, 
Nov., 877. 

toughness, calculated by stress intensity fac- 
tor (Srawley and Beachem). Summary of 
STP 302, 1026. 

toughness determinations with shear-cracked 
specimens (Morrison and Kattus), MR&S, 
Dec., 968. 

toughness, model for effect of thickness 
(Bluhm), 1324, 1332. 

toughness, sheet alloys for cryogenic tanks 
(Espey, Jones, and Brown, Jr.). Summary 
of STP 302, 1026. 

toughness, steel (Hodge). Summary of STP 
302, 1026. 

see also Cracking. 
France, L. L., Begley, R. T., and Cohute, 
H.: Apparatus for hardness testing at low 
temperatures, MR&S, March, 192. 
Francel, Josef: Fluorine release from glasses. 
Summary of STP 300, 1429. 
Frankel, Henry E., discussion, 755. 
Freas, D. G., Austin, A. E., and Rough, F. 
A.: Mechanism of irradiation damage in 
ae monocarbide. Summary of STP 306, 
1425. 
Freche, J. C., see Manson, S. S., Nachtigall, 
A. J., and Freche, J. C. 
Friction, dry (ACR notes), MR&S, June, 488. 
Frost, H. B.: Residual gas content as a func- 
tion of tube processing. Summary of STP 
300, 1429. 
Frost Heaving, see Ice, Soils, and Metals. 
Fry, H. L., see Driscoll, D. E., et al. 
Fuel 
refractory compounds. Symposium on radia- 
tion effects in refractory fuel compounds. 
Summary of STP 306, 1425. 

determination of undissolved water in fuels 
(Gardener and Topol), MR&S, Feb., 112. 

report of committee D-2, 472. 

reactor, plutonium-uranium oxide (Gerhart, 
Siltanen, and Cochran). Summary of STP 
306, 1425. 

see Gasoline. 

Furnace, beam, use at the Portland Cement 
Association (PCA) (Carlson and Tatman). 
Summary of STP 301, 45. 


G 


Gage blocks, development of (Myerson, Young, 
Ney), MR&S, May, 368. 
Gardner, L., and Topol, G.: Determination 
of undissolved water in fuels, MR&S, Feb., 
112. 
Gas 
composition in sealed-off tubes (Véradi, 
Langer, and Saltzman). Summary of STP 
300, 1429. 

chromatography. Report of Committee E-19, 
667 


manufactured. Report of Committee D-3, 487. 


INDEX 


purity in plasma (Buchsbaum and Sawyer). 
Summary of STP 304, 1424. 
residual content as a function of tube process- 
ing (Frost). Summary of STP 300, 1429. 
carbonaceous, evolution from cathode nickel 
(Stern). Summary of STF 300, 1429. 
high-purity, processing (Rogers). Summary 
of STP 300, 1429. 
Gaseous contaminants, standard leak 
(Maurer). Summary of ST P 300, 1429. 
Gaseous fuels 
report of Committee D-3, 487. 
see also Fuels. 
Gaskins, F. H., see Brodnyan, J. G., Gaskins, 
F. H., and Philippoff, W. 
Gasoline 
report of Committee D-2, 472. 
symposium on current research on motor 
gasoline which may affect future specifica- 
tions. Summary of ST P 298, 1427. 
Gates, John E.: Introduction. Summary of 
ST P 306, 1425. 
Gaudette, N. G., see Keyser, J. Hode, and 
Gaudette, N. G. 
Gavan, F. M., see Joy, F. A., and Gavan, F. M. 
Gayley, H. B., see Wall, F. J., Hengstenberg, 
T., and Gayley, H. B. 
Gaynor, R. D., see Walker, S., et al.; see also 
Bloem, D. L., Gaynor, R. D., and Wilson, 
R 


rates 


Geil, W., and Carwile, N. L.: Fracture 
characteristics of notched tensile specimens 
of titanium, MR&S, Jan., 16. 

Gel, rotating cylinder viscometer (Russell). 
Summary of STP 299, 1428. 

Gerard, George: An evaluation of compression 
testing techniques of sheet materials at ele- 
— temperatures. Summary of STP 303, 
1027. 

Gerberich, W. W., see Bernett, E. C., and 
Gerberich, W. W. 


Gerhart, J. M., Siltanen, J. N., and Coch- 


ran, J. S.: The irradiation and examination 
of a plutonium-uranium oxide fast reactor 
fuel. Summary of STP 306, 1425. 

Germanium alloy, transistors, changes in sta- 
bility through processing (Borofsky). -Sum- 
mary of STP 300, 1429. 

Getters, quality control (della Porta and 
Airoldi). Summary of STP 300, 1429. 

Getz, J. E., and Wagner, T. O.: Relation 
between laboratory knock ratings and cus- 


tomer satisfaction on the road. Summary of | 


STP 298, 1427. 


Gibson, H. J., and Wilson, H. I.: CRC (Co- — 


ordinating Research Council) work on anti- 
knock. Summary of STP 298, 1427. 

Gillett Memorial Lecture, Specifications?! 
(Kinzel).* 


Giuliani, F., and Robledo, R. S. Influence L, 


of particle-size distribution on vibrated mor- 
tar, MR&S, March, 183. 


Glass and glass products. Report of Committee 


C-14, 434. 
Glass textiles. Report of Committee D-13, 534. 
oF 
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Glenn, George R., ani Handy, R. L.: Quan- 
titative determination of soil montmoril- 
— by X-ray diffraction, 1277 (R). Disc., 
128 

Gloss. Report of Committee E-12, 649. 

Glycol detection in crankcase ‘oil (Gordan), 
MR&S, Jan., 30. 

Gohn, George, discussion, 774. 

Gohn, G. R., and Fox, A 
Fatigue test for printed wiring boards and 

through connections, MR&S, Sept., 711. 
Determination of stress-relaxation in tension 
or compression, MR&S, Dec., 957. 

Goldhoff, Robert M.: The applications of 
Rabotnov’s creep parameter, 907. 

a : ACR notes, MR&S, Feb., 133; 
Sept 

Goode, Joseph F., and Owings, Elliott P.: 
A laboratory- field study of hot asphaltic 
concrete wearing course mixtures. Summary 
of STP 309, 1306. 

Graduate study, og and (materials sci- 
ences), MR&S, Dec., 996. 

Grain size, (Wyman and Pen- 
rod), MR&S, Aug., 638. 

Gray, R. G., see Bleiberg, M. L., Yeniscavich, 
and Gray, R. CG. 

Grease. Report of Committee D-2, 472. 

Grieb, W. E., and Woolf, D. O.: Concrete 
containing fly ash as a replacement for port- 
land blast-furnace slag cement, 1143. Disc., 
1154. 

Griffin, R. L., see Fink, D. F., and Griffin, R. L. 

Griffith, J. S., discussion, VR&S, Oct., 801. 

Grinding aids, mechanism (Mardulier), 1078 
(R). Disc., 1091. 

Gross, D., see Loftus, J. J., Gross, D., and 
Robertson, A. F. 

Gyer, J. F., see Bonner, F. J., and Gyer, J. F. 

Gypsum 
chlorides in Patertend, MR&S, Aug., 624. 
compression testing o sum plaster (W. aters 

and Birtwistle), Ras, May, 374. 
_ determination in mixtures (McAdie and 

7 Kuntze), MR&S, Jan., 27. 

report of Committee C- il, 426. 
see also Calcium Sulfate and Cement. 
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Hague, J. L.: Separations in analysis. Summary 
of STP 308, 1028. 

Haley, G. D. ., see Mittenbergs, A. A., Haley, 
G. D., and Williams, D. N. 

Hall, E. R.: Tensile and impact properties of 
cast stainless steels at cryogenic temperatures. 
Summary of STP 302, 1 

Halogenated organic see Solvents. 

Halstead, Woodrow J., and Zenewitz, 
Josep h A.: Changes in asphalt viscosities 
during the thin film oven and microfilm dura- 
bility tests. Summary of ST P 309, 1306. 

Halsted, L. E., discussion, MR&S, Oct., 

Hammer, Walter, Stemann, 

G., and Weismantel, E. E.: Strain ~~ 
ening of type 304 D4 stainless steel, 809. Disc., 

_ 


Handy, R. L., A new pedalogical scheme of 
soil classification, MR&S, Dec., 973; see also 
Glenn, George R, and Handy, R.L. 

Hansen, W W.c. 

Discussion of methods of test for false set of 
portland cement, 1029. 
Discussion, 1038, 1091. 
Quick and false set for portland cements, 
MR&S, Oct., 791. 
R. E., see King, W. H., and Haiding, 


Hardness 
apparatus for controlled slack eo 
Meyerson, Rosenberg), M. 
July, 53 
apparatus ;™ testing at low temperatures 
Begley, Kohute), MR&S, March, 


? 


Py coverings, measurements of human re- 
— (discussion) (Waters), MR&S, Feb., 


hardness-tensile strength conversion for Rock- 
well hardness, C scale (Driscoll, et al), 
MR&S, June, 448. 
low-temperature tensile-hardness correlations 
for SAE 4240 steel (discussion) (Sands, 
Nunes), MR&S, April, 286. 
Hardware, atmospheric corrosion tests (Appen- 
dix III), Report of Committee A-5, 156. 
Harmathy, T. Z.:A treatise on theoretical fire 
endurance rating. Summary of STP 301, 45. 
Harris, J. C.: ACR notes, MR&S, March, 223; 
Oct., 821. 
sy R. R., see Weissmann, G. F., and Hart, 


Hastelloy-X, creep-rupture behavior (Donachie, 
Jr., and Shepheard), 981. 

Hastings, C. H., see LoPilato, S. A., and 
Hastings, C. H 

Hatch, Burton., 747. 

Haura, B., see Hessinger, P . Strott, A., and 
Haura, B., 1429. 

Hayes, J. §.: Electron beam microanalyzer: 
A new tool for electron device development. 
Summary of STP 300, 1429 

os electrical. Report of Committee B-4, 

9. 


Heat flow analysis, solution of problems by 
numerical method (Harmathy). Summary of 
STP 301, 45 
Heat 
release materials in fires (Loftus, Gross, and 
Robertson), 1336 (R). Disc., 1348. 

sink, electromagnetic determination of nickel 
thickness for re-entry vehicle heat sink 
(LoPilato and Hastings), MR&S, March, 
188. 

transfer through insulated flat roofs (Powell 
and Robinson). Summary of ST P 312, 1431. 
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(Starr, Wang, and Hofacker), 831. 
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see Fink, D. F. and Heithaus, J. J. 
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alloys (Wall, Hengstenberg, and Gayley), 970. 

Helmke, George: A comparison of electro- 
static and high-efficiency inspingement air 
filters for use in device development labora- 
tories. Summary of STP 300, 1429. 

Hengstenberg, T., see Wall, F. J., Hengsten- 
berg, T., and Gayley, H. B. 

Hessinger, P., Strott, A., and Haura, B.: 
Beryllium oxide dielectric heat sinks for elec- 
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866. 
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ne, Smith, and Achter), 775 (R). Disc., 
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den), MR&S, Feb., 104 

High-strength materials 

austenitic, production (Hammer, Jr., Stemann, 
and Weismantel), 809. Disc., 
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(Kuguel), 732 (R). Disc., 747. 

Hilado, C. J., discussion, MR&S, April, 277. 
Hill, W. H., Shimmin, K. D., and Wilcox, 
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of metallic materials, 890. Disc., 906. 

Hodge, John M.: Steels of improved fracture 

toughness. Summary of STP 302, 1026. 

Hofacker, K. A., see Starr, C. Dean, Wang, 
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uly, 570. 
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Hunstad, Norman A. 
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Hydraulic cement mortars, flexural strength 
(Swayze), 1051. Disc., 1057. 
Hydrocarbons 
aromatic. Report of Committee D-16, 551. 
distillates, liquid phase —- (Bender). 
Summary of STP 298, 1427 
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Ice from the sky (random samples), MR&S, 
March, 
Ice, growth in supercooled water (Marburg 
Lecture) (Kinzel).* 
Impact 
liquid drops, various types and problem of 
an (Engel). Summary of STP 307, 


liquids at yigh speeds (Brunton). Summary 
of STP 307, 1426. 
resistance, effect of U-notch depth (Reymond). 
Summary of STP 302, 1026 
tensile tests, steel (Hall). aii of STP 
302, 1026. 
testing, effects of variables in Charpy impact 
testing (Fahey), MR&S, Nov., 872. 
testing, subsize Charp correlation with 
standard Charpy (Curl), MR&S, Feb., 91. 
testing, tensile, for plastics (Westover and 
Warner), MR&S, Nov., 867. 
values equivalent to 15 ft-lb Charpy-U (Rey- 
mond). Summary of STP 302, 1026. 
Impingement, liquid drops (Engel). Summary 
of STP 307, 1426 
Impurities 
ceramic materials (Cutler). Summary of STP 
electron probe for detecting in alloys (Birks 
and Seebold). Summary of STP 308, 1028. 
in high-purity metals (Wyman and Moore). 
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Impurities (continued) 
mass spectrometry analysis (Stevens). Sum- 
mary of STP 308, 1028 
steam, high pressure boilers (Ulmer and 


Klein), 1396. Disc., 1412. 

symposium on major effects of minor con- 
stituents on the properties of materials. 
Summary of STP 304, 1424 

Inconel, compression and buckling, tempera- 
tures up to 1400 F (Dubuc and Welter). Sum- 
mary of ST P 303, 1027. 

Inconel X 
creep rupture and fatigue in helium (Wall, 

Hengstenberg, and Gayley), 970 
fatigue in air and vacuum (Danek, Smith, 
and Achter), 775 (R). Disc., 787. 
Inderbitzen, A. L.: Erosion test for soils, 
MR&S, July, 553. 
Indium-gallium alloys, spectrochemical analysis 
(Appendix I), Report of Committee E-2, 620. 
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(Costello), MR&S, June, 474 
Infrared inspection and measuring techniques 
(Wilburn), MR&S, July, 528 
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gravure and flexographic ink (Cummings), 
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alloy (Copson, Hopkinson, and Lang), 879. 
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flat roofs, heat transfer (Powell and Robinson). 
Summary of STP 312, 1431. 
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Iron 
cast. Report of Committee A-3, 130. 
cast, malleable, atmospheric exposure of 

ferrous metals (Appendix), Report of Com- 
mittee A-7, 164. 
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Summary of STP 306, 1425. 
voids (Bates). Summary of STP 306, 1425. 

Irradiation 
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— and Rough). Summary of STP 306, 
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ertson). Summary of STP 306, 142 

release of fission gas from uranium oxide 
(Carroll). Summary of STP 306, 1425. 

see Radioisotopes. 
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mann). Summary of STP 307, 1426. 
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Johnson, L. E., discussion, 1412. 
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(Watson, Christian, Tanalski, and Hurlich). 
Summary of STP 302, 1026. 
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mortar, 1035. Disc., 1038. 
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significance of variation in asphalt content of 
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Klieger, Paul, discussion, 1154. 

Klier, E. P., and Weiss, Volker: The effect 
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1307 (R). 
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boiler and pressure vessel code, MR&S, Dec., 
978. 

Kohute, H., see France, L. L., et al. 

Knock, symposium on current research on 
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fications. Summary of STP 298, 1427. 
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= and Wagner). Summary of STP 298, 
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., and Kodel, I. M. 

Koti, G. A., and Skoglund, R. D.: An in- 
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No. 299, 1428. 
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Preface. Summary of STP 300, 1429. 
see Thomas, C. O., Craft, W. H., and Koontz, 
D. E. 
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metal curtain walls. Summary of STP 312, 
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Kosting, P. R., discussion, R&S, Sept., 716. 

Kothmann, R. E., see DeCorso, S. M., and 
Kothmann, R. E. 
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ASTM punch card index. 
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Laboratories, plan for self-qualification of (dis- 
cussion) (Monaghan), MR&S, Sept., 729. 

Laboratory vane test, measuring sensitivity of 
clays (Eden and Kubota), 1239. 

Lacquer, see Paint. 

Laminated _ structures, 
(Bluhm), 1332. 

Lane, R. W., discussion, 1417. 

Lang, F. S., see Copson, H. R., Hopkinson, B. 
E., and Lang, F. S. 

Langer, 908 Varadi, P. F., Langer, H. 
A., and Saltzman, M. 

Larson, discussion, 817. 
see Nunes, J., and Larson, F. R. 

-— specifications and (Layle), MR&S, April, 
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effect of thickness 


Layle, H. F.: Specifications and the law, MR&S, 
April, 291. 

Leak rates, measured by viscous and molecular 
flow techniques (Maurer). Summary of STP 
300, 1429. 

Leather. Report of ALCA-ASTM Joint Com- 
mittee, 602. 
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Gillett Memorial Lecture 

Specifications?! (Kinzel).* 
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The Growth of Ice in Supercooled Water 
(Chalmers).* 

Leddicotte, G. W.: Radioactivation analysis— 
A specific for trace element determinations. 
Summary of STP 308, 1028. 

Legatski, T. W., and Bridgeman, O. C.: 
Significance in evaluation of motor fuel vola- 
tility. Summary of STP 298, 1427. 
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Summary of STP 307, 1426. 
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Lessley, H. L., see Kattus, J. R., and Lessley, 
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Liebson, Morris: Arc sealing of borosilicate 
glasses. Summary of STP 300, 1429 

Lime. Report of Committee C-7, 405. 

Liquid impact study (DeCorso and Kothmann). 
Summary of STP 307, 1426. 

Liquid phase oxidation, hydrocarbon distillates 
(Bender). Summary of STP 298, 1427. 

Liquified petroleum gas 
report of Committee D-2, 472. 
report of Committee D-3, 487. 
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notes) (Harris), R&S, March, 223. 

Load-carrying ability in high-strength steel 
(Manning). Summary of STP 302, 1026. 

Loading sequence, effect on fatigue damage 
(Spitzer and Corten), 719 (R). 

Loading tests on house roofs (Thorburn and 
Schreiver). Summary of STP 312, 1431. 
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F.: Potential heat: a method for measuring 
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Logarithms, convenient way to find natural 
logarithms useful for true strain values 
(Crum), MR&S, Dec., 967. 

Lominska, C. A.: Exposure testing of pro- 
tective paints for metals, MR&S, Aug., 620. 

Lontz, John F.: Major effects from minor con- 
stituents—role in organic structural polymers. 
Summary of STP 304, 1424. 

LoPilato, S. A., and Hastings, C. H.: Elec- 
tromagnetic determination of nickel thick- 
ness for re-entry vehicle heat sinks, MR&S, 
March, 188. 

Lorig, C. H.: Role of technical societies, MR&S, 
March, 201. 

Low-cycle fatigue, fractures of elastoplastic de- 
formation (Serensen and Shneiderovitch), 789. 

Low temperature 
apparatus for hardness testing (France, Beg- 

ley, and Kohute), MR&S, March, 192. 
cryostat for mechanical testing (Ives and 
Mead), MR&S, March, 194. 
cryostat for tension testing at —423 F (Wat- 
son and Christian), MR&S, Feb., 87. 
— steel (Wells). Summary of STP 302, 
1026. 


symposium on evaluation of metallic materials 
in design for low-temperature service. Sum- 
mary of STP 302, 1026. 

tensile cryostat for temperature range 4 to 

00 K (McClintock and Warren), MR&S, 

Feb., 95. 

tensile-hardness correlations for SAE 4340 
steel (discussion) (Sands and Nunes), 
MR&S, April, 286. 
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Lu, S. Y., and Nash, W. A.: Effects of ele- 
vated temperatures on mechanicai properties 
of type H-7213 Micarta (Astrokon), MR&S, 
Oct., 788. 

Lu, S. Y., Trubert, Marc, and Nash, Wil- 
liam A.: Elevated temperature characteris- 
tics of type 347 stainless steel, 1008. 

Lubricants decreasing greasing (random sam- 
ples), MR&S, June, 491. 
report of Committee D- 2, 472. 
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Lubrication behavior, non-Newtonian (Philip- 
poff). Summary of STP 299, 1428. 

Lynn, Ivan L., and Palmer, Kenneth E.: 
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strengths of concretes and mortars, 1180. 

Lyons, L. J.: Transducer parameters affecting 
sonic cleaning. Summary of STP 300, 1429. 

Lysaght, V. E., see Driscoll, D. E., et al. 

Lyst, J. O., see Butz, G. A., and Lyst, J. O. 
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Macromolecules, linear, non-Newtonian vis- 
cosity (Peterlin). Summary of ST P 299, 1428. 
Magnesium 
alloy, elevated-temperature compressive yield 
(Fenn, Jr.). Summary of STP 303, 1027. 
alloy, die-cast, exposure tests (Appendix I), 
Report of Committee B- 6, 265. 
report of Committee B-6, 264. 


report of Committee B-7, 282. _ 


Magnetic properties. l.eport of Committee 
A-6, 160. 

Magnet wire insulation. Report of Subcommittee 
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Malleable iron 
report of Committee A-3, 130. 
report of Committee A-7, 162. 

Mandel, J., see Horowitz, E., et al. 

Manning, G. K.: Effect of small cracks on the 
load-carrying ability of high-strength steel. 
Summary of STP 302, 1026. 

Manns, T., see Smith, C. A., and Manns, T. 

Manson, S. S., Nachtigall, A. J., and Freche, 
J. C.: A proposed new relation for cumulative 
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Marburg Lecture, The growth of ice in super- 
cooled water (Chalmers).* 

Mardulier, F. J.: The mechanism of grinding 
aids, 1078 (R). Disc., 1091; discussion, MR&S, 
Oct., 799. 

Marin, Joseph: Creep of structural joints from 
simple tensile creep, 931. Disc., 937. 

Markovich, R., and Schwartzberg, F.: Test- 
ing techniques and evaluation of materials 
for use at liquid hydrogen temperature. Sum- 
mary of STP 302, 1026 

Markwardt, L. J., and Wood, L. W.: ASTM 
research potential-unlimited, MR&S, July, 
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Marsh, Herbert W.: Design of cryogenic 
storage tanks for industrial applications. 
Summary of STP 302, 1026. 

Marsh, R. C., see Whitfield, W. J., Marsh, R. 
C., and Kodel, I. M. 

Marshall, T. A., Jr.: Pan American Standards 
Committee, MR&S, Oct., 808. 
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curtain walls, testing (Monk). Summary of 

STP 312, 1431. 
manufactured units. Report of Committee 
C-15, 436. 
moisture penetration and bond strength of 
brick masonry (Ritchie), MR&S, May, 360. 
mortar. Report of Committee C-12, 429. 
— spectroscopy. Report of Committee D-3, 


Mateos, Manuel, see Vincent, Robert D., 
Mateos, Manuel, and Davidson, D. T. 
Materials 
barrier (materials sciences) MR&S, July, 579. 
properties. Symposium on major effect of 
minor constituents on the properties of 
materials. Summary of STP 304, 1424. 
— control. Report of Committee E-11, 
648. 
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Aug., 665. 

major effects of minor constituents on the 
properties of materials, Summary of STP 
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rates measured by viscous and molecular flow 
techniques. Summary of STP 300, 1429. 
McAdie, H. G., and Kuntze, R. A.: Deter- 
mination of gypsum . its dehydration 
products, MR&S, Jan., 
F. A., MR&S, April, 


McClintock, R. M., and Warren, K. A.: 
Tensile cryostat for temperature range 4 to 
300K, MR&S, Feb., 95. 

McCoy, H. E., discussion, 967. 

Mcliquham, W. S., see Leith, W. C., and Mc- 
Ilquham, W. S. 

oo K. E., see Shenkman, S., and McKee, 


Mesd, ‘J. A., see Ives, G. C., and Mead, J. A. 
Measurement 
biaxial stress in noncohesive soils (Bernhard). 
Summary of STP 305, 1 
fatigue and bending strain (Danek, Smith, 
and Achter), 775 (R). Disc., 787. 
permeability of asphalt concrete (Hein and 
Schmidt). Summary of STP 309, 1306. 
sensitivity of clays (Eden and Kubota), 1239. 
sliding plate microviscometer (Fink and Heit- 
haus). Summary of STP 309, 1306. 
vacuum capillary viscometer (Heithaus). Sum- 
mary of STP 309, 1306 
viscosity of paving cements (Fink and Griffin). 
Summary of STP 309, 1306. 
volume of compacted asphalt concrete (Cal- 
research pavement density method) (San- 
—_ and Schmidt). Summary of STP 309, 
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Mechanical resonance frequencies, determina- 
tion (Spinner and Tefft, 1221 (R). Disc., 1238. 
Mechanical properties 
plastics. Report of Subcommittee I of Com- 
mittee D-20, 579. 
steel at elevated temperatures (Lu, Trubert, 
and Nash), 1008. 
Meites, Louis: Some recently developed elec- 
troanalytical techniques for the determination 
J traces of metals. Summary of STP 308, 


Melekan, J. B., and Rough, F. A.: In-pile 
fission-gas release from UO.. Summary of 
STP 306, 1425. 

Merrill, Edward W.: Viscometry of polymer 
solutions in a coaxial-cylinder viscometer 
209, 1428 high rates of shear. Summary of STP 
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Mesnager cnis specimens, impact values 
(Reymond). Summary of STP 302, 1026. 

Metallic coatings, electrodeposited. Report of 
Committee B-8, 326. 

Metallic materials 
report of Committee B-4, 229. 
symposium on evaluation of metallic materials 

in design for low- a service. Sum- 
mary of STP 302, 1 
thermostats and weer resistance, heating 
= contacts. Report of Committee B-4, 
9. 
Metallography. Report of Committee E-4, 635. 
Metal powder. Report of Committee B 9, 365. 


Metals 
—- analysis. Report of Committee E-3, 


effect of temperature on properties. Report of 
Joint ASTM-ASME Committees, 370. 

frost heave (Marburg Lecture) (Chalmers). . 

Poisson’s Ratio in elastoplastic (Theocaris), 
838 (R). 

report on physical properties of metals and 
alloys from cryogenic to elevated tempera- 
tures (Eldridge and Deem). See STP 206. 

sheet, determination of creep (Kattus and 
Lessley), 920. Disc., 930. 

structural, effect of size, notch strength, and 
fracture (Klier and Weiss), 1307 (R). 

symposium on extension of sensitivity for 
determining various es in metals. 
Summary of STP 308, 102 

trace, electroanalytical 
(Meites). Summary of STP 308, 1028. 

see also under specific name of metal. 

Metals and alloys 

designations for codification II), 
Report of Committee B-7, 3 

die-cast. Report of Committee “ 6, 264. 

light, cast, and wrought. Report of Commit- 
tee B-7, 

light, proposed recommendations affecting 
standards, (Appendix I), Report of Com- 
mittee B-7, 286. 

major effect ‘of minor constituents on the 
OP idee of materials. Summary of STP 


nonferrous. Report of Committee B-2, 199. 
nonferrous, corrosion. Report of Committee 


Methods of testing. Report of Committee E-1, 
6. 


Meyerson, M. R., see Carwile, N. L., et al. 
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Thermostat metals 
bibliography and abstracts. See ST P 288. 
report of Committee B-4, 229. 

Thermostats. Report of Committee B-4, 229. 

Thickness 
8 titanium alloy sheet, influence on sharp-edge- 


notch properties (Repko, Jones, and Brown, _ 


Jr.). Summary of STP 302, 1026. 
electromagnetic determination of nickel thick- 
ness for re-entry vehicle heat sinks (Lo- 
Pilato and Hastings), M@R&S, Mar., 188. 
floor coverings, methods for measuring (Horo- 
witz, Mandel, Capott, and Boone), MR&S, _ 
Feb., 99. 
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Thickness (continued) 
fracture of laminated structures (Bluhm), 
1332. 


fracture toughness (Bluhm), 1324, 1332. 
in film oven test, changes in asphalt viscosities 
(Halstead and Zenewitz). Summary of STP 
309, 1306. 
Thomas, A., discussion, MR&S, Aug., 630. 
Thomas, C. O., Craft, W. B., and Koontz- 
D. E.: Elimination of contaminants from elec, 
tron tube components: automation of chemical 
processing. Summary of STP 300, 1429. 
Thompson, D. H.: Stress-corrosion-cracking 
test for copper alloys, MR&S, Feb., 108. 
Thorburn, Kj + and Schriev er, W. R.: 
Loading tests J; full-scale house roofs. Sum- 
mary of STP 312, 1431. 
Thorvaldson, T., discussion, 1049. 
Thread. Report of Committee D-13, 534. 
Tile, organic adhesives for setting ceramic tile 
(Fitzgerald, Wagner, and Bernett), MR&S, 
Mar., 196. 
Timmons, G. A., see Barr, R. Q., Semchyshen, 
M., and Timmons, G. A. 
Tiner, N. A.: Fractographic analysis of AISI 
4340 steel by optical and electron microscopy, 
800 (R). 
Titanium 
B, influence of sheet thickness on sharp-edge- 
notch properties (Repko, Jones, and Brown, 
Jr.). Summary of STP 302, 1026. 

effect of section size on notch properties (Klier 
and Weiss), 1307 (R). 

fracture characteristics of notched tensile 
ae (Geil and Carwile), MR&S, Jan., 
1 


Titanium alloys 
dynamic modulus measurement (Hill, Shim- 
min, and Wilcox), 890. Disc., 906. 
mechanical properties (Hickey, Jr.), 866. 
tensile- (Hickey, 
r. 

Tone D. and Scott, J. L.: Study of factors 
controlling the release o xenon-133 from bulk 
UO2. Summary of STP 306, i425. 

Toolin, Parks, discussion, 717. 

Tooling plastics. Report of Subcommittee XXII 
of Committee D-20, 586. 

Topol, G., see Gardner, L., and Topol, G. 

Tour award, to A. K. Graham, H. L. Pinkerton, 
MR&S, July, 571. 

Trace constituents, Symposium on extension of 
sensitivity for determining variousconstituents 
in metals. Summary of STP 308, 1028. 

Trace elements 
radioactivation analysis (Leddicotte). Sum- 

mary of STP 308, 1028 
ultratrace emission spectroscopy (Morrison 
and Rupp). Summary of STP 308, 1028. 

TRADEX, model footing data (Alai). Summary 
of STP 305, 1305. 

Transducer parameters, sonic cleaning (Lyons). 
Summary of STP 300, 1429. 

Transverse shear creep oie. 
prediction (Marin), 931. Disc., 

MR&S, Sept., 


joints, 
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Tricalcium silicate, laboratory preparation of 
(Poliv ka, Klein, and Best), MR&S, 
uly, 524. 
Teabert, Marc, see Lu, S. Y., Trubert, Marc, 
and Nash, William A. 
flexible. Report of Subcommittee VII of Com- 
mittee D-9, 518. 
pressure <ierential testing (Symons), MR&S, 
uly, 539. 
Turbines 
blade erosion (DeCorso and Kothmann). Sum- 
mary of STP 307, 1426. 
hydraulic, erosion and cavitation (Rheingans). 
Summary of STP 307, 1426. 
Turbine fuels. Report of Committee D-2, 472. 
Turner, H. C.: Introduction. Summary of STP 
303, 1027. 
ow ribbons. Report of Committee E-12, 
9. 
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Ulmer, R. C., and Klein, H. A.: Impurities 
in steam from high-pressure boilers, 1396. 
Disc., 1412. 
Unconfined compression test, measuring sensi- 
tivity of clays (Eden and Kubota), 1239. 
Uniformity, concrete, large batches (Bloem, 
Gaynor, and Wilson), 1119 (R). Disc., 1141. 
U-notch depth, effect on impact — (Rey- 
mond). Summary of STP 302, 1 
Upholstery leather. Report of ALCA- ASTM 
Joint Committee, 602. 
Uranium dioxide, irradiated fuel cores (Bates). 
Summary of STP 306, 1425. 
Uranium monocarbide, irradiation damage 
(Freas, Austin, and Rough). Summary of 
STP 306, 1425. 
Uranium oxide 
excess oxygen (Robertson). Summary of STP 
306, 1425. 

films, fission fragment and 
Stiegler). Summary of STP 306, 1425. 

fission gas release (Melehan and Rough), Sum- 
mary of STP 306, 1425. 

release of fission gas during irradiation (Car- 
roll). Summary of STP 306, 1425 

release of xenon-133 (Toner and Scott). Sum- 
mary of STP 306, 1425. 

U.S.S.R., research abroad (ACR notes) (Gon- 
ser), MR&S, Sept., 742. 

Utech, H. P., see Holshouser, W. 


L., and 
Utech, H. P 
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Vanadium-titanium alloys, experimental, dy- 
namic modulus measurements (Hill, Shimmin, 
and Wilcox), 890. Disc., 

van Luik, F. W., Jr.: Particulate concentra- 
tions in ultraclean rooms. Summary of STP 
300, 1429. 

Vapor lock, freedom from (Legatski and Bridge- 
man). Summary of STP 298, 1427. 

Varadi, P. F., Langer, H. A., and Saltzman, 
M. N.: Gas composition during pumping oo 
in sealed-off power tubes. Summary of ST 
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Varnish, see Paint. 
Vibratory (sinusoidal) loads, biaxial stress in 
noncohesive soils (Bernhard). Summary of 
STP 305, 1305. 
Vincent, Robert, D., Mateos, Manuel, and 
Davidson, D. T.: Variation on pozzolanic 
behavior of fly ashes, 1094 (R). 
Viscometer 
coaxial-cylinder, polymer solutions (Merrill). 
Summary of STP 299, 1428. 

cone-plate application to non-Newtonian 
systems (Forster and Horowitz). Summary 
of STP 299, 1428. 

forced-ball, application to mineral oil systems 
oe Fe y and Hunstad). Summary of STP 

PRL anal (Klaus, Angeloni, and Fenske). 
Summary of STP 299, 1428. 

rotating cylinder, for gelled materials (Rus- 
sell). Summary of STP 299, 1428. 

rotational with high shear rate (Bonner and 
Gyer). Summary of STP 299, 1428 

symposium on non-Newtonian viscometry. 
Summary of STP 299, 1428. 

vacuum capillary (Heithaus). Summary of 
STP 309, 1306. 

Viscosity 

low temperature of cates oils (Appendix). 
Summary of STP 299 

papers on road and and sym- 

sium on microviscometry. Summary of 

STP 309, 1306 

testing rotogravure and flexographic ink by 
Stormer viscometer (Cummings), MR&S, 
Jan., 30. 

Visual appearance, five attribute system of de- 
scribing visual appearance (Judd). See STP 
297. 

Voids, irradiated UO2 (Bates). Summary of STP 
306, 1425. 

Volatility, fuel evaluation ge and Bridge- 
man). Summary of SI'P 298, 1 

Volume determination in Vbeded’ specimens 
(Kuguel), 732 (R). Disc., 747. 

von Vergen, W.: Developments in test methods 
for wool, MR&S, March, 175. 

Vossen, J. L.: Effects of various cleaning meth- 
ods on electronic components in the micro- 
module. Summary of STP 300, 1429. 

Vulcanized elastomers, compression set testing 
(King and Harding). See STP 311. 
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Waddell, J. J.: Modern concepts in control of 
concretes, MR&S, June, 452. 

Wagner, H. V., see Fitzgerald, J. V., et al. 

Wagner, T. O., see Getz, J. E., and Wagner, T. 
18) 


Waits, Robert K., 
Waits, Robert K. 

Walker, S., Bloem, D. L., Gaynor, R. D., 
and Wilson, J. R.: Centrifuge tests for 
determining cement content of fresh concrete, 
MR&S, June, 454. 

Walker, Stanton, and Bloem, D. L.: Vari- 

ations in portland cement—Part 2, 1059. 


see Noble, Lowell, and 
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Wall, F. J., Hengstenberg, T., and Gayley, 
- B.: Creep-rupture and fatigue properties 
of three nickel-base alloys in helium environ- 
ment, 970. 
Walls 
clay masonry oo, testing (Monk). Sum- 
mary of STP 312, 1431. 
metal curtain, testing (Koppes). Summary of 
STP 312, 1431. 
Wang, T. P., see Starr, C. Dean, Wang, T. P., 
and Hofacker, K. / 
Warner, W. rod * be Westover, R. F., and 
Warner, W. C. 
Warren, K. A., see McClintock, R. M., and 
Warren, K. A. 
Water 
determination of undissolved water in fuels 
(Gardner and Topol), MR&S, Feb., 112. 
of heavy water, MR&S, 
ept 
Water, industrial 
impurities in steam (Rice), 1369. 
report of Committee D-19, 566. 
vaporous carry-over of sodium chloride from 
igh pressure boiler water (Rubright), 1370. 
Water resistance test. Report of ALCA-ASTM 
Joint Committee, 602. 
Water vapor 
content. Report of Committee D-3, 487. 
corrosion of beryllium (Browne). Summary of 
STP 306, 1425. 
standard reference sheet for ed (Joy 
and Gavan), MR&S, Oct., 
transmission _ testing — Sherdon, and 
Gavan), MR&S, Feb., 117. 
Waterproofing, see Bituminous mixtures. 
Waters, E. H., discussion, MR&S, Feb., 102. 
Waters, E. H., and Birtwistle, R.: Compres- 
= testing of gypsum plaster, MR&S, May, 


Watson, J. F., and Christian, J. L.: Cryostats 
for tension testing at —423 F, MR&S, Feb., 87. 

Watson, J. F., Christian, j. L., Tanalski, 
T. T., and Hurlich, A.: Correlation of — 
notched : unnotched tensile ratios with tensile 
fatigue properties of complex welded joints in - 
high-strength 300 series stainless steels at — 
cryogenic temperatures. Summary of STP | 
302, 1026. 

Wax. Report of Committee D-2, 472. 

Wax ge Report of Committee D- 21, 588. 

Weight, stainless steel for standard weight 
(Rosenberg and Royston), MR&S, Jan., 21. 

Weir, J. R., discussion, 967. 

Weismantel, E. E., see Hammer, Walter, Jr., 
on, Leonard G., and Weismantel, 

Weis: siker, see Kiier, E. P., and Weiss, 


Weiss, Volker, and Sessler, John G.: Analysis | 
of effects of test temperature on the notch 
strength of high-strength sheet alloys. Sum- 
mary of STP 302, 1026. 

Weissmann, G. F., discussion, MR&S, Jan., 15. 

Weissman, G. F., and Hart, R. R.: Damping 
capacity of some granular soils. Summary of 
STP 305, 1305, 
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Weather station, isotope-powered automatic, 
MR&S, Sept., 743. 

Welded, ferritic steel for low temperatures 
(Wells). Summary of STP 302, 1026. 

Welds, in-motion radiography of Sergeant missile 
motor casing (Rodgers), MR&S, July, 537. 
Wells, A. A.: Welded ferritic steel construction 
for intermediate low-temperature service. 

Summary of STP 302, 1026. 

Welter, G., see Dubuc, J., and Welter, G. 
Westover, R. F., and Warner, W. C.: Tensile 
impact test for plastics, MR&S, Nov., 867. 

White, J. J., discussion, 1141, 1154. 

Whitfield, W. J., Marsh, R. C., and Kodel, 
I. M.: Dust monitoring by the dry slide 
—s technique. Summary of STP 300, 
1429. 

Wichers, E.: Pure substances and measure- 
ment (ACR notes), MR&S, April, 314. 

Wikle, K. G., and Sarle, N. P.: Properties of 

‘ hardened copper-beryllium strip after ex- 
posures to elevated temperatures, 988. 

Wilburn, D. K.: Infrared inspection and meas- 
uring techniques, MR&S, July, 528. 

Wilcox, B. A., see Hill, W. H., Shimmin, K. D., 
and Wilcox, B. A. 

Willard, W. A., see Jenkins, W. D., et al. 

Williams, D. N., see Mittenbergs, A. A., 
Haley, G. D., and Williams, D. N. 

Wilsdorf, H. G. F.: Transmission electron 
microscopy in fatigue studies, MR&S, Aug., 
640. 

— H. I., see Gibson, H. J., and Wilson, 

Wilson, J. A., Surface flammability of mate- 
rials: survey of test methods and comparison 
of results. Summary of STP 301, 45. 

Wilson, J. R., see Bloem, D. L., Gaynor, R. D., 
and Wilson, J. R.; see also Walker, Stanton, 


et al. 

Winniford, R. S.: Rheology of asphalt-filler 
systems as shown by the microviscometer. 
Summary of STP 309, 1306. 

Wire, electrical conductors. Report on Commit- 
tee B-1, 195; Atmospheric exposure tests 
(Appendix II), Report of Committee A-5, 140. 

Wolfe, D. O., see Grieb, W. E., and Wolfe, D. 


Wood, L. W., see Markwardt, L. J., and Wood, 
L. W. 
Wood. Report of Committee D-7, 503. 
Wood pole research, ASTM research potential 
unlimited (Markwardt and Wood), MR&S, 
July, 558. 
Woods, H., discussion, MR&S, Sept., 716. 
Wool 
assessment of wool quality (Pohle), MR&S, 
March, 168. 

developments in test methods (Bergen), 
MR&S, March, 175. 

probability sampling methods for wool (Tan- 
ner), MR&S, Mar., 172. 

report of Committee D-13, 534, 


INDEX 


scientific methods of wool testing, (introduc- 
tion) (Bauer), W@R&S, March, 167. 
Work, C. E., discussion, 697. 
see Erickson, W. H., and Work, G. E. 
Workability 
influence of particle-size distribution on 
strength and workability of vibrated mortar 
— and Robledo), MR&S, March, 
183. 
masonry mortar (Kampf), MR&S, Jan., 7; 
discussion (Dempsey, Halsted, Mardulier 
and Kampf), MR&S, Oct., 798. 
Wrought copper, see Copper. 
Wrought iron, see Iron, wrought. 
Wyandotte-ASTM (Kuentzel) punch card index. 
(Appendix), Report of Committee E-13, 653. 
Wyman, L. L., discussion, MR&S, July, 548. 
Wyman, L. L., and Penrod, R. E.: Unified 
grain-size standard, MR&S, Aug., 638. 
Wyman, L. L., and Moore, G. A.: Impurity 
effects in high-purity metals. Summary of 
STP 304, 1424. 
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Xenon-133, release from UO2 (Toner and Scott). 
Summary of STP 306, 1425. 
X-ray, in-motion radiography of Sergeant missile 
motor casing (Rodgers) MR&S, July, 537. 
X-ray diffraction 
determination of soil montmorillonite (Glenn 
and Handy), 1277 (R). Disc., 1287. 
pattern data for soils (Appendix IT) (Glenn 
and Handy), 1286. 


Y 


Yarn. Report of Committee D-13, 534. 

Yeniscavich, W., see Bleiberg, M. L., Yenisca- 
vich, W., and Gray, R. G. 

Youden, W. J.: Experimental design and 
ASTM committees, MR&S, Nov., 862; How 
to evaluate accuracy, R&S, April, 268; 
Interpreting preliminary measurements (ACR 
notes), MR&S, Dec., 987; see also Jenkins, 
W. D., et al. 

Young, T. R., see Meyerson, M. R., Young, 
T. K., and Ney, W 

Yukawa, S.: Testing and design considerations 
in brittle fracture. Summary of ST P 302, 1026. 

Yurkoski, Frank, discussion, 717, 755. 


Z 


Zenewitz, Joseph A., see Halstead, Woodrow 
J., and Zenewitz, Joseph A. 
Zinc 
alloy, atmospheric exposure tests (Appendix 
Il), Report of Commitee B-6, 273. 
coatings, electroplated, chromate treatments 
(Appendix II), Report of Committee B-8, 
359 


Report of Committee B-6, 264. 
Zircaloy 2, tensile properties at 600 F (Ames), 
820. Disc., 829. 
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